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Papers and Discussions............ 


Privileges Engineering Societies Extended 
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Annual Reports: 


Accessions the Library: 


Membership (Additions, Resignations, Deaths) 
Recent Engineering Articles Interest..... 


MEETINGS 
THE SOCIETY 


December 15th, 1909.—The meeting was called order 8.30 
M.; Past-President Alfred Noble the chair; Chas. Warren Hunt, 
Secretary; and present, also, 239 members and guests. 

paper James Brace, Francis Mason, and Woodard, 
Members, Am. E., entitled “The New York Tunnel Extension 
the Pennsylvania Railroad: The East River Tunnels,” was presented 
Mr. Brace. paper Henry Japp, Am. E., entitled 
“The New York Tunnel Extension the Pennsylvania Railroad: 
Contractors’ Plant for East River Tunnels,” was presented the 
author. Both papers were illustrated with lantern slides. 
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The papers were discussed Messrs. Charles Fraser and Henry 
Japp. 

The Secretary announced the following deaths: 

Past-President, elected Member, July 2d, 1873; 
died December 5th, 1909. 

Epmunp elected Associate Member, Novem- 
ber 3d, 1897; died October 5th, 1909. 

elected Associate, January 8th, 1873; 
died October 28th, 1909. 


Ernest elected Junior May 2d, 1905; died November 
22d, 1909. 


Adjourned. 


January sth, meeting was called order 8.30 M.; 
Vice-President George Pegram the chair; Chas. Warren Hunt, 
Secretary; and present, also, members and guests. 

The minutes the meetings November 17th and December 
1909, were approved printed Proceedings for December, 1909. 

paper Horace Howe, Am. Soc. E., entitled “Notes 
the Replacing the Superstructure the Harlem Ship Canal 
Bridge,” was presented the author and illustrated with lantern 
slides. 

The Secretary read communication from Lincoln Bush, Am. 
Soe. E., the subject, and the paper was discussed orally 
Messrs. Martin Gay and St. John Clarke. 

The Secretary announced the election the following candidates 
January 4th, 1910: 


MEMBERS. 


Barrrey, New York City. 
Hoover, London, England. 

Maurice, Harrisburg, Pa. 

THEODORE Glenwood Springs, Colo. 

Epwarp SPEAKMAN, Brandon, Man., Canada. 
Pittsburg, Pa. 

Parker Jr., Culebra, Canal Zone, Panama. 


Grand Rapids, Mich. 
BENJAMIN FRANKLIN BATCHELDER, Ravenna, Ohio. 
St. Louis, Mo. 
Henry Leo Brown Station, 
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Homer Munro Brookings, Dak. 
Henry Shanghai, China. 
Roy Kine, Dayton, Ohio. 
Salt Lake City, Utah. 
Cart Sacramento, Cal. 

Pires Rio, New Orleans, La. 

Bowen Malta, Mont. 
New York City. 
Francis New York City. 
Frank Boston, Mass. 
San Antonio, Tex. 
Renrrew Tientsin, China. 


ASSOCIATE. 
Ernest New York City. 


Hermon Yancy Garp, St. Joseph, Mo. 

Gray, Berkeley, Cal. 

Henry Jones, Spokane, Wash. 

Hunter Savannah, Ga. 

LeRoy Hamilton City, Cal. 

Rurus Denver, Colo. 

Francis SHERIDAN Wilkes-Barre, Pa. 
Gatun, Canal Zone, Panama. 
STEELE Manila, Philippine Islands. 
Henry Bridgeport, Conn. 

Louis SHERMAN, White Plains, 


The Secretary announced the transfer the following candidates 
January 4th, 1910: 


St. Louis, Mo. 
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MINUTES MEETINGS 


Park Atlanta, Ga. 
Isaac DEYouNG, Sault Ste. Marie, Mich. 

Graves, Sault Ste. Marie, Mich. 

Isaac WENDELL Philadelphia, Pa. 

Manila, Philippine Islands. 


From Associate MEMBER. 


From Junior MEMBER. 


CLARENCE ARMINGER Carlisle, Pa. 
Epwarp East Walpole, Mass. 
Ernest Sunnyside, Wash. 
Percy Sawyer, Waukesha, Wis. 

Epwarp Berkeley, Cal. 

New York City. 


From Junior 
Harry Hurp Ann Arbor, Mich. 


The Secretary announced the following resignations Decem- 
ber 31st, 1909: 


Members: Curry, Mayne, McC. Parker, 


Associate Members: Herman Conrow, Tiernan, 
Towson. 


Max 


The Secretary announced the following deaths: 


CHARLES BENJAMIN elected Member, March 2d, 1892; died 
December 21st, 1909. 

elected Member, April 7th, 1897; died 
December 22d, 1909. 


Adjourned. 
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MINUTES MEETINGS 


THE BOARD DIRECTION 
(Abstract) 


January 4th, 1910.—President Bates the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Andrews, Brackett, 
Christie, Endicott, Hazen, Hodgdon, Horton, Kittredge, Macdonald, 
Noble, Pegram, Schneider, Swain, Thompson, and Tillson. 

payment $10000 the principal the mortgage debt was 
authorized. 

Action was taken regard members arrears for dues. 

report the Board the Society for the year 1909 was adopted. 

letter was received from Hiram Francis Mills, Lowell, Mass., 
accepting his election Honorary Member the Society. 

The resignations Members, Associate Members, Associates, 
and Juniors were accepted, taking effect December 31st, 1909. 

Ballots for membership were canvassed, resulting the election 
Members, Associate Members, Associate, and Juniors, 
the transfer Associate Members the grade Member, 
Associate the grade Associate Member, Juniors the grade 
Associate Member, and Junior the grade Associate. 


Applications were considered, and other routine business was 
transacted. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


February 2d, 1910.—8.30 M.— this meeting two papers will 
presented for discussion, follows: “Underpinning the Cambridge 
Building, New York City,” Kennard Thomson, Am. Soc. 
E., and “Building Agreements,” William Bamford, Assoc. 


These papers were printed Proceedings for December, 1909. 


February 16th, 1910.—8.30 this meeting two papers will 
presented for discussion, follows: “The Effect Alkali Con- 
crete,” George Gray Anderson, Am. Soc. E., and “Precarious 
Expedients Engineering John Hawkesworth, Assoc. 

Mr. Gray’s paper was printed Proceedings for December, 1909, 
and Mr. Hawkesworth’s paper printed this number Proceedings. 


March 2d, 1910.—8.30 M.—A paper entitled “The Improved 
Water and Sewage Works Columbus, Ohio,” John Gregory, 
Am. Soe. E., will presented for discussion. 
This paper printed this number Proceedings. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, 
numbers, $1. 


Transactions, four Volumes per annum, $12. 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


Price for single 


Price for single 
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MEETINGS THE SAN FRANCISCO ASSOCIATION 
MEMBERS, AM. SOC. 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet 
and weekly informal luncheons. The former are held M., the 
Fairmont Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. Soc. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly welcomed guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


PAPERS AND DISCUSSIONS 


hoped that members and others who take part the dis- 
cussion the papers presented will revise their remarks promptly, 
and that all written communications from those who cannot attend 
the meetings will sent the earliest possible date after the issue 
paper Proceedings. The quarterly issue volumes 
actions dependent the closing discussions, and the co-operation 
the membership now more necessary this matter than hereto- 
fore, because definite date issue for each volume must main- 
tained. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 
Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 


Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 


Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 


Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 
England. 


Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 


London, 
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Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliogaphies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
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books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


Colorado Association 


(Abstract Minutes Meeting) 


December 11th, 1909.—The regular meeting the Colorado Asso- 
ciation Members, Am. Soc. E., was called order 8.30 M.; 
Crocker, President, the chair; Burt, Secretary; and 
present, also, members and guests. 

The minutes the November meeting were read and approved. 

Professor Russel George, State Geologist, addressed the Asso- 
ciation “State Geological Survey,” and the subject was discussed 


Messrs. Prince, Raynor, Carstarphen, Ketchum, Holbrook, and 
Burt. 


Adjourned. 


Proceedings, Vol. (January, 1907). 
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ANNUAL REPORTS 


ANNUAL REPORT THE BOARD DIRECTION FOR 
THE YEAR ENDING DECEMBER 1909. 


compliance with the Constitution, the Board Direction pre- 


sents its report for the year ending December 31st, 1909. 
MEMBERSHIP. 


The changes membership are shown the following table: 


JAN. ADDI- 


JAN. 1910. TIONS. TOTALS. 
| 


Associate Members, Associates, and Juniors. 
Associate and Juniors. 


Juniors. 
Reinstatement. 


will seen from the above table, the net increase during the 


year has been 468. 


The following analysis the growth the Society may prove 


interest: 


Thirty-nine years ago, December 31st, 1870, the total member- 
ship the Society was 

Twenty-four years later, December 31st, 1894, the total membership 
was 1773, the average yearly net increase for this period being 

The yearly increase membership for the past fifteen years 


1896. 1901...191 1906. 

Total for five-year 426 089 
Average for five-year period......... 201 418 
Rate increase for five-year period. .24% 
Equivalent yearly rate increase. 
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This growth seems quite remarkable, view the fact that 
requirements for admission have been somewhat increased, and that 
the general financial depression which occurred during the last five- 
year period does not appear have affected the constantly increasing 


applications received. 


The membership has doubled the last years, and should the 
rate increase the past five years continue, the total membership 
will exceed 000 less than seven years. 

The number applications received during 1909 was 861: 651 for 
admission, and 210 for transfer. 

The losses death reported during the year number 49, and are 
follows: 

Honorary Members (1): William Price Craighill. 

Members (36): George Adgate, William Creelman Ambrose, Henry 
Furlong Baldwin, George Thomas Barnsley, George Bishop, Howard 
Breen, Henry Waller Brinckerhoff, Leffert Lefferts Buck, Francis 
Smith Burrowes, Daniel Dawson Carothers, James Henry Covode, 
Frank Leslie Davis, John Bagley Dimmick, Charles Benjamin Dudley, 
Robert Engle, Elstner Fisher, George Samuel Gatchell, Charles 
Sewall Gowen, Joseph Marshall Graham, George Porter Hilton, 
William Charles Kernot, Charles MacRitchie, William Metcalf, Charles 
Morton, Mace Moulton, William Parker, Emile Theodore Quinette 
Rochemont, Lewis Frederick Rice, Henry Brown Richardson, Albert 
Stanley Andrew Rosewater, James Gardner Sanderson, Julius 
William Schaub, Henry Maynadier Steele, Joseph Nelson Tubbs, 
James Eager Willard. 

Associate Members (6): Carl William Birch-Nord, Charles Herbert 
Deans, George Harrison French, August Mayer, Liberty Gilbert 
Montony, Edmund Alyth Rhys-Roberts. 

Associates (2): Charles Marshall Harris, John Arnold Ubsdell. 

Juniors (3): Ernest Stearns Ball, Olin McClintock Boyle, Jr., 
Walter Lorton Dusenberry. 

Fellows (1): Amzi Lorenzo Barber. 


LIBRARY. 
The total contents the Library, and the increase during the year, 
are shown the following statement: 
Total Increase 


Contents. during 1909. 
Maps, photographs and drawings.... 4242 152 


*Owing error made the last report the Board, this figure does not agree 
with the total therein given, plus the number this year’s accessions. 


these 703 were donations received answer 
special requests, were donations from publishers; were dona- 
tions received regular course, and 160 were purchased. 
The value accessions the Library during the year fol- 
lows, each accession having been valued separately received: 


2878 Donations and exchanges (estimated 


160 Volumes purchased (cost)............. 499.65 
Binding 372 463.15 


The following amounts have been expended upon the Library dur- 
ing the year: 


Purchases, subscription and binding........... $962.80 
Fixtures, supplies and sundries................ 


The number titles the Library 187. 

The total attendance the Reading Room and Library during the 
year was 

During the year new bibliographies (containing 1675 separate 
references) have been made, and copies searches made previous 
years have been furnished, these having been brought date. 
The total cost this work, $311.82, has been charged those for 
whom was undertaken. 

Early the year the additional tier book stacks mentioned 
the last report the Board, was installed cost $4309. The 
the.Stack Room was increased 100% this addition, which 
believed provides shelf room for least ten years come. The 
use these new shelves necessitated the re-arrangement the entire 
Library, which has been accomplished during the year. 


PUBLICATIONS. 


During the year ten numbers Proceedings have been issued regu- 
larly and four volumes (instead two heretofore) 
have appeared. 

Proceedings the list references current engineering litera- 
ture has been continued, and has covered pages and contained 357 
classified references periodicals. 

The stock the various publications the Society kept hand. 
for the convenience members and others now amounts 149 348 
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copies, the cost which the Society for paper and presswork only 
has been $20 552.49. 

During the year, 441 volumes Transactions have been bound 
for members and others the standard and cloth 
bindings. 

Issues. Plates. Cuts. 
Transactions (Volumes)...... 525 182 125 370 
Proceedings (Monthly 605 1980 123 229 
Constitution and List Members 000 372 


The cost publications has been: 


For Paper, Printing, and $20 696.69 
For Boxes, Mailing Lists, Copyright and Sundry Expenses. 
For 11090 Extra Copies Memoirs and Papers.......... 1148.80 
For 15300 Copies Pamphlet Conservation Natural 


Deduct amount received from sale publications......... 665.39 
Net cost publications for 1909............... $23 336.71 


comparison these figures with those given the report the 
Board for last year shows that 1909 there were published 
actions and Proceedings 965 more pages, and more illustrations, 
than 1908. These figures, however, not show the increase the 
four-volume-per-year over the two-volume-per-year system, because, 
order able issue four volumes 1909, the amount matter 
issued Proceedings for 1908 was greatly increased over that 
previous years. order, therefore, indicate the real increase 
the amount reading matter issued under the present practice, 
comparison should made with similar figures for the year 1907. 
This shows increase 1280 pages, and 326 illustrations, and 
that the additional gross cost was 038.55. 

Attention called the variety subjects treated the papers 
making the four volumes Transactions issued during the year. 

There were separate papers included these volumes, and 
among the subjects discussed were: Irrigation; Hydraulics; Hydro- 
electric Development; Waterway Improvement; Stream Flow; Flood 
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Prevention; Docks and Harbors; Foundations; Fire Resistant Con- 
struction Buildings; Sewer Systems; Electric Railways and Trolley 
Construction; Material for Bridges and Viaducts and their Construc- 
tion; Water-works Valuation; Water Purification; Tanks and Stand- 
Pipes; Masonry Dams; Passenger Elevators; Concrete; Cement and 
Cement Mortar; Weights Freight Trains; Road Building; Cost 
Keeping; Steel Sheet Piling; Concrete Piles; Caisson Disease; Rail- 
way Surveys; Arch Construction; Tests Structural Material; Copy- 
right Technical Drawings; and The Status the Engineer. 

addition these, papers have had preliminary publication 
Proceedings during the year Tunnel Construction; Water Supply 
for The Panama Canal; Use the Current Meter; Freight Train 
Traction; Paving Practice; Hydraulic Turbine Efficiency; Reinforced 
Concrete Construction; Underpinning Buildings; Building Agree- 
ments; Bridges; River Regulation; Land Reclamation; Reservoir Out- 
lets; and Water Purification. 


MEETINGS. 


During the year meetings have been held follows: the 
Annual Meeting, the Annual Convention, and other meet- 
ings held the Society House. 

these meetings there were presented formal papers, 
which were illustrated with lantern slides, besides which there were 
topical discussions. There were also papers published Proceed- 
ings which were not presented for discussion any meeting the 
Society. The number members and others who took part the 
preparation of, discussion of, these papers was 214. 

The Forty-first Annual Convention was held Bretton Woods, 

The total attendance the meetings held was about 4050. 
The registered attendance the Annual Meeting was 726, and the 
Annual Convention 177 (includes members only), but there were 
many members and guests present all these meetings who failed 
register. 

MEDALS AND PRIZES. 


For the year ending with the month July, 1908, prizes were 
awarded follows: 

The Norman Medal Schneider, Past-President, Am. Soc. 
E., for his paper entitled “Movable Bridges.” 

The Thomas Fitch Rowland Prize Edward Wall, Am. 
Soc. E., for his paper entitled “Water Purification St. Louis, 
Mo.” 

The Collingwood Prize for Juniors Krellwitz, Jun. Am. 


Soc. Am. E.), for his paper entitled 
“Reinforced Concrete Towers.” 
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FINANCES. 


During the year the mortgage debt has been reduced payment 
$10000, and now amounts $145000. further payment 
$10 000 has been ordered, and expected will made between the 
date this report and that the Annual Meeting, that practically 
the beginning this year the debt will reduced 
The term the original mortgage having expired, new loan has 
been arranged for very favorable terms. 

The attention members invited the Secretary’s statement 
receipts and disbursements, and the general balance sheet which 
accompanies it, which the financial condition the Society 
shown. 

The reports the Secretary and Treasurer are appended. 

order the Board Direction, 
Warren 


Secretary. 
New York, 1910. 
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GENERAL BALANCE SHEET, DECEMBER 1909. 
ACCOMPANYING THE THE SECRETARY. 


ASSETS. 


Three Lots (estimated value)........ 
Society Building (cost).............. 
Publications hand (inventoried cost 


Library: 
Cash expended for books, 


Donations,estimatedvalue 965.54 


Due from Members........ $4901.53 
Due from Non-Members... 240.45 


$330 000.00 
171 362.23 
753.24 


552.49 


706.33 


141.98 
668.67 


$660 184.94 


Dues for 1910 paid ad- 
Mortgage Debt and Loan............ 


Funds invested Society 
House, Lots and Library. $26 730.78 
490 362.35 


$660 184.94 


have examined the books and accounts the American Society Civil Engineers, for the year ended 
December 31, 1909, and certify that the foregoing Balance Sheet accordance therewith, and, our opinion, 


Street, New York. 
15, 1910. 


states the condition the Society’s affairs, shown the books. 


Marwick, Co., 
Chartered Accountants. 
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REPORT THE SECRETARY FOR THE 


GENTLEMEN :—I have the honor present statement Receipts 
1909. also append general balance sheet showing the condition 


Balance hand December 1908, Bank, Trust 
Company, and hands Treasurer.............. 
Certificates Membership.................. 563.44 
665.39 


$33 082.60 


118 146.41 
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YEAR ENDING DECEMBER 1909. 


and Disbursements for the fiscal year the Society, ending December 
the affairs the Society. 
Respectfully submitted, 
Hunt, 


Secretary. 
DisBURSEMENTS. 
714.84 
General Printing and Stationery............ 
Certificates Membership................. 357.20 
Heat, Light and 
Interest and 500.81 
Bond and Mortgage (Payment Principal).. 10000.00 
$106 560.34 
Balance hand, December 31st, 1909: 
Union Trust $18 946.11 
Garfield National Bank............... 
668.67 
$151 229.01 
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REPORT THE TREASURER. 


[Society 


compliance with the provisions the Constitution, have the 
honor present the following report for the year ending December 


1909: 


Balance hand December 1908................. 
Receipts from current sources, January 1st December 

Payment Audited Vouchers for Current 

Business, January 1st December 

Payment principal bond and mortgage.. 
Payment for new bookstacks, property en- 


Balance hand December 31st, 1909: 
Union Trust Company..... $18 946.11 


Garfield National Bank.... 
hands the Treasurer.... 1500.00 
668.67 


$151 229.01 
Respectfully submitted, 


$33 082.60 


118 146.41 


$151.229.01 


Jos. 
Treasurer, Am. Soc. 


New York, 1910. 
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ACCESSIONS THE LIBRARY 
(From December th, 1909, January 11th, 1910) 
DONATIONS* 


POWER, HEATING AND VENTILATION. 


Treatise for Designing and Constructing Engineers, Architects 
and Students. Charles Hubbard. Cloth, illus., 3v., 
647 pp. Brattleboro, Vt., The Technical Press, 1908-09. $5.00. 


The preface states that this work had its beginning pocket notebook, 
which, turn, formed the basis articles appearing the technical press, 
and these, combined with new material, form the present treatise, which covers 
the design, construction, and management power and heating plants. The 
subject power treated more especially from the steam side. The subject 
heating taken quite fully and includes the warming and ventilating 
all classes buildings, from small furnace-heated dwelling buildings 
with central plants the largest size. The Contents are: Part Boiler 
Room Equipment. Heat; Steam; Boiler Horse-Power; Types Boilers; De- 
sign Boiler Furnaces; Boiler Settings; Chimneys; Me- 
chanical Draft; Liquid Fuel; Boiler Accessories; Pipe and Fittings; Valves; 
Special Apparatus; Boiler Corrosion; Care and Management Steam Boilers. 
Part II, Power and Lighting. Theory the Steam Engine; Types Engines; 
Condensers; Steam and Feed Piping; Electricity; Generators; Electric Motors; 
Electric Lighting; Care and Management Steam Engines and Generators. 
Part III, Heating and Ventilation. Systems Warming; Ventilation; Heat Loss 
from Buildings; Furnace Heating; Direct Steam Heating; Indirect Steam Heat- 
ing; Direct Hot-Water Heating; Indirect Hot-Water Heating; Forced Hot-Water 
Circulation; Fans; Forced Blast Heating and Ventilation; Exhaust Steam Heat- 
ing; Blectric Heating; Special Devices; Heating and Ventilating Different Types 
Buildings; Care and Management Heating and Ventilation Plants. 


THE POLAR PLANIMETER. 


How Used, and How Operates; Simple Treatise. 
Frank Gray. Paper, in., illus., pp. London, St. 
Bride’s Press, Ltd., 1909. shilling net. 


The author believes that, this time, there has been simple, generally 
intelligible, step-by-step explanation the polar planimeter for the non-mathe- 
matical man, and that, therefore, want filled the publication book form 
the present treatise, which has already appeared serially The Surveyor and 
Municipal Engineer. The treatment professedly practical and along easy lines 
thought. The Contents are: Introduction; The Movements and Their Effect; 
Experiments Sectors; Experiments Circles; Computation Irregular Fig- 
Conclusion. 


CONCRETE BRIDGES AND CULVERTS. 


For Both Railroads and Highways. Grattan Tyrrell. 
Leather, illus., 251 pp. Chicago and New York, The 
Myron Clark Publishing Co.; London, Spon, Ltd., 1909. 
$3.00 net. 


the preparation this manual, the author states that has endeavored. 
eliminate mathematical formulas far possible, and present the subject 
simplest manner, only such material being given required 
directly the design and construction ordinary concrete masonry arches. 
The designs and data tables for culverts and trestles are stated original 
with the author, the result his own practice the design construction 
railroad structures, and are here presented for the first time. The Contents 
are: Part Plain Concrete Arch Bridges; Part II, Reinforced Concrete Arch 
Bridges; Part III, Highway Beam Bridges; Part IV, Concrete Cuiverts and 
Trestles; Index. 


otherwise specified, books this list have been donated the publisher. 
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THE STEAM ENGINE. 


Concise Treatise for Students and Engineers. Charles 
Benjamin. Cloth, in., illus., 316 pp. Brattleboro, Vt., The 
Technical Press, 1909. $3.00. 


his preface the author describes his book designed primarily for text- 
book rather than reference for engineers, and states that has been his 
purpose explain the elementary principles heat engines that they might 
readily understood the student, and show the application these. principles 
the design, construction, and operation modern reciprocating engines. 
states further that, perhaps, more attention has been paid practical problems 
than theoretical ones, and more the questions the engine user and less 
those the scientist. Attention called the chapter Specifications and 
Costs containing some new material. The Contents are: Introduction; Ele- 
mentary Principles; The Simple Steam Engine; The Thermodynamics Air; The 
Thermodynamics Steam; Valve and Link Motions; Indicators and Indicator 
Diagrams; Compound Engines; Governors; Fly Wheels; Steam the Cylinder; 
Condensers and Heaters; Piping and Flow Steam; Steam Engine Performance; 
Steam Engine Design; Specifications and Costs; Appendix—Steam Tables, Weight 
Water, Ammonia Table, Hyperbolic Logarithms; Index. 


POWER RAILWAY SIGNALLING. 


London, The Publishers The Railway Engineer, 1909. shillings. 
(Donated the Author and Publishers.) 


This volume No. “The Railway Series Text Books and Manuals 
Railway Men For Railway Men and written companion work 
for the author’s previous volume, ‘‘Mechanical Railway and includes 
such matters and single-line working, etc. The field covered is, 
the preface states, limited one, but its importance vast, and the author 
satisfied that has described every known system for working single lines, 
operating automatic signals, and for the actuation switches and signals 
power. further stated that the author gained most his information 
American and Continental signalling first-hand. Part the material originally 
appeared The Railway Engineer. The Contents are: Instruments; Lock and 
Block, General Considerations; Lock and Block, British Systems; Lock and Block, 
Foreign Systems; Contact-Makers, Slots, Detectors and Insulated 
Joints; Interlocking Opening Bridges; Working Single Lines, General Con- 
siderations; Working Single Lines, Tablet Systems; Working Single Lines, 
Electric Train Staffs; Working Single Lines, Automatic Signals and Other 
Methods; Automatic Signalling, Its Purpose; Automatic Signals; Automatic Sig- 
nals, Installations Steam-Worked Railways; Automatic Signals, Installations 
Railways; Signals for Electric Tramways; Accessories 
for Automatic Signalling; Locomotive Cab Signals and Automatic Train Controls; 
Signalling and Interlocking Power Plants, Their Purpose; 
Power Plants; Low Pressure Pneumatic Power Plants; All-Electric Power Plants; 
Electro-Mechanical Power Plants; Hydraulic Power Plants; Appendix One- 
Wire Three Indication Block Instrument, Moore and Powles’ Patent; Appendix 
Automatic Signals, Great Western Railway; Appendix Central Station, Glasgow, 
Caledonian Railway; Appendix Rules Relating Automatic Signals; Index. 


COST KEEPING AND MANAGEMENT ENGINEERING. 


Treatise for Engineers, Contractors, and Superintendents En- 
gaged the Management Engineering Construction. Halbert 
Gillette and Richard Dana, Members, Am. Soc. Cloth, 
illus., 346 pp. New York and Chicago, The Myron 
Clark Publishing Co.; London, Spon, Ltd., 1909. $3.50 net. 


The authors state that this book intended assist engineers, contractors, 
and superintendents reduce construction costs minimum. book pub- 
lished hitherto, the authors declare, has the attempt been made present both 
the methods cost keeping and the principles the science engineering man- 
agement, and, this work, these two interrelated subjects are discussed parts 
one general subject. The Contents are: The Ten Laws Management; Rules 
for Securing Minimum Cost; Piece Rate, Bonus and Other Systems Payment; 
Measuring the Output Workmen; Cost Keeping; Office Appliances and Methods; 
Bookkeeping for Small Contractors; Miscellaneous Cost Report Blanks and Systems 
Cost Keeping; Index. 
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PAINTS FOR STEEL STRUCTURES. 
Houston Lowe, Assoc. Am. Soc. Fifth Edition. Oloth, 


in., 115 pp. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1910. $1.00. 


The first edition this little handbook was issued 1899, and the preface 
the present edition states that the author, who himself paint-maker, has, 
during the intervening ten years, continued his observations, experiments, and 
tests larger and more elaborate scale than ever before. further stated 
that many changes have been made, due largely increasing knowledge the 
problems presented. The Contents are: Introductions; Hypothesis; Paint and 


Painting; Steel; Rust; Cleaning; Liquids and Solids; Tests; Conclusion; Refer- 
ence Books; Index. 


THE WATER SUPPLY, SEWERAGE AND PLUMBING MODERN CITY 
BUILDINGS. 


William Paul Gerhard. Cloth, in., illus., 491 pp. 


New York, John Wiley Sons; London, Chapman Hall, Limited, 
1910. $4.00 net. 


This book stated the author the outgrowth various lectures pre- 
pared. for engineering societies and essays written for technical journals. 
These articles and lectures have been revised and enlarged, new illustrations and 
many diagrams and tables added, and the entire subject brought date. The 
book deals with the subject from practical standpoint, the preface states, being 
written practicing engineer who has devoted many years the special topics 
under consideration. The chapters, while correlated, are, the author states, pur- 
posely written that each one complete itself and may used without 
reference the others. The Contents are: Essential Features the Hydraulic 
and Sanitary Engineering Buildings; Sanitary Fixtures and Appliances; Ad- 
vanced and Simplified Plumbing; Plumbing Its Relation Disease and Mun- 
icipal Control Plumbing; Domestic Water Supply; The Water Supply Large 
Modern City Buildings; The Maintenance Pipe Systems for Sewage, Gas and 
Water; Rules Plumbing, Water-Supply and Sewerage, Chiefly for Hospital 
Buildings and Other Public Institutions; Appendix Definitions; Appendix 
Historical Sketch the Development the Art the Drainage and Plumbing 
Appendix Specification Reminder; Appendix Explanation 


Gerhard’s Sewer Diagram; Appendix Diagrams; Alphabetical 
Index. 

Gifts have also been received from the following: 
Albany, Y.-Commr. Public Works. Columbia Univ. pam. 

pam. Compagnie Katanga. pam. 
Am. Ry. Assoc. pam. Congreso Cientifico, 4°. vol. 
Am. Soc. Agri. Engrs. pam. Continuous Transit Securities Co. 
Annan, bound vol., pam. pam. 
Assoc. Am. Ry. Accounting Officers. Cornell Univ. pam. 

pam. Dist. Columbia-Engr. Commr. 
Beardsley, pam. pam. 
Beer, pam East Indian Ry. Co. pam 


Belgium-Ministre Chemins Fer, 
Postes Telegraphes. bound vol. 
Belzner, Theodore. pam. 


Berger, Bernt. pam. 

bound vol. 

Bloomfield, J.-Town Clerk. pam. 

Borrie Kreiner. pam. 

Canada-Geol. Survey Branch. pam. 


Cape Good Hope-Govt. Stationery Of- 
fice. pam. 

Carter, Oberlin pam. 

Chicago, Peoria St. Louis Ry. Co. 


Illinois. pam. 
Chicago Terminal Transfer Co. 
pam. 


Colo.-Agri. Exper. Station. 


pam. 
Colo.-State Geol. Survey. 


bound vol. 


Eastern Bengal-Public Works Dept. 


pam. 

Editorial Review Co. pam. 

Engineers’ Club Toronto. pam. 

Ferrocarriles Nacionales Mexico. 
pam. 

Goodrich, bound vol. 


Hartford, Conn.-Board Water 
Commrs. pam. 

Hartford, Conn.-City Engr. pam. 

India-Irrig. Branch. pam. 

Indian Midland Ry. Co., Ltd. pam. 

Institution Gas Engrs. bound vol. 


Inter. Bureau Am. Republics. 

Iron and Steel Inst. bound vol. 

Los Angeles, Cal.-Chf. Engr. An- 
geles Aqueduct. pam. 


pam. 
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Manufacturers’ Record Pub. Co. pam. pam. 


Mass.-Cambridge Bridge Comm. S.-Bureau Insular Affairs. pam. 
bound vol. S.-Bureau Standards. pam. 
Mass. Inst. Tech. vol. Steam Eng. pam. 


Minneapolis, Minn.-City Engr. pam. S.-Bureau Yards and Docks. 
Missouri Pacific Ry. Co. pam. 


pam. 

National Assoc. Mfrs. pam. Engrs. atlas, pam. 

New Hampshire-State Forestry Comm. bound 
bound vol., pam. vol. 

New London, Conn.-Board Water Committee River and Harbors. 
and Sewer Commrs. pam. pam. 

New York City-Board City Record. Survey. pam. 
bound vol. S.-Lake Survey Office, map. 

New York City-Dept. Parks. pam. Museum. pam. 

Ohio-Bureau Inspection and Super- S.-Nautical Almanac Office. bound 
vision Public Offices. pam. vol., pam. 

Phillips, Asa pam. the Library and Naval 

Poor’s Manual Co. bound War Records. pam. 

Providence, I.-Dept. Public Works. S.-Public Health and Marine Hospi- 
pam. tal Service. pam. 

Quebec Central Ry. Co. pam. S.-Secy. the Senate. vol. 

Rutland, Clerk. pam. S.-Weather Bureau. bound vol. 


Pa.-Chf. Engr., Dept., Public 


Sinaloa, Mexico-Seccion Meteorologica Utica, pam. 


Société Anonyme Belge pour Com- Waterbury, Conn.-City Engr. pam. 
merce Haut-Congo. pam. Whinery, bound vol. 

Syracuse, Y.-City Engr. pam. Williams, William pam. 

Tasmanian-Govt. Rys. pam. Woodworth, pam. 


PURCHASE. 


Progressive Penusylvania. Record the Remarkable Industrial 
Development the Keystone State with Some Account Its Early and 
Its Later Transportation Systems, Its Early Settlers, and Its Prominent 


Men. James Swank. Lippincott Company, Philadelphia, 
1908. 


Modern Practice Mining. The Sinking Shafts. 


Redmayne. Longmans, Green and Co., London, New York, 
Bombay, and Calcutta, 1909. 


Bauausfuhrungen aus dem Ingenieurwesen. Dritter Band des Hand- 
buches fiir Eisenbetonbau. Herausgegeben Emperger. Vol. 
Ernst Sohn, Berlin, 1908. 


aus dem Hochbau und Baugesetze. Vierter Band 


des Handbuches fiir Eisenbetonbau. Herausgegeben von von. 


Emperger. Vol. Wilhelm Ernst Sohn, Berlin, 1909. 


Manual Civil Engineering. William John Macquorn Rankine. 
Twenty-third Edition, Revised Millar. Charles Griffin and 
Company, Limited, London, 1907. 


Manual Applied Mechanics. William John 
Rankine. Eighteenth Edition, Revised Millar. 
and Company, Limited, London, 1908. 


Macquorn 
Charles 
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Mitteilungen Forschungsarbeiten auf dem Gebiete des Inge- 
nieurwesens insbesondere ausden Laboratorien der technischen Hoch- 
schulen. Herausgegeben vom Verein Deutscher Ingenieure. Nos. 8-13, 
17-41, 43-77. Julius Springer, Berlin, 1903-09. 
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MEMBERSHIP 


ADDITIONS 
(December 8th, 1909, January 11th, 1910) 
MEMBERS 

Boces, FRANK CRANSTOUN. Capt., Corps Engrs., 
A.; Gen. Purchasing Officer, Isthmian Canal Comm., 

Pittsburg, 

CAMPEN, GEORGE LINDEN. Asst. City Engr., Omaha, Nebr. 

CAMPION, (Campion, McClellan Co.), 
1218 Chestnut St., Philadelphia, Pa............... 

Hydr. Engr., Society for 
Establishing Useful Manufactures, 158 Assoc. 


Davis, Lynn LeRoy. Asst. Engr., Ketchum 
Buffalo, 


ARCHIBALD Cons. and Contr. Engr., 
610 Bailey Bldg., Seattle, Wash.................. 
Shankland, 720 Bldg., Denver, Colo.. 
Fox, Henry. Chf. Engr., Maryland Dredging Contr. Co., 
and Trust Clark Dredging Co. (Res., 2912 Evergreen 
Harry Vice-Pres. and Gen. Mgr., Foster- 
Creighton-Gould Co., Engrs. and Gen. Contrs., 
Civ. and Municipal Engr., 
MIDDLEBROOK, CHARLES TRINDER. Cons. Engr., State 


Jun. 
Cornell Univ., Ithaca, Y........... 
Angeles Aqueduct, Surrey, Cal........ 
RIGHTER, ADDISON ALEXANDER. 519 The Rookery, Chicago, 
HAMILTON. East 42d New York 
ScHREIBER, JOHN Engr., W., 
Service Ry. Corp., Central Ave., 


/ 


[Society 


Date 
Membership. 


July 


June 
Nov. 30, 


1909 
1907 
1909 
1909 


1909 


1898 
1910 


1909 


1909 


1909 


1909 


1909 


1909 


1909 


1909 
1893 
1898 
1909 
1904 
1909 


1910 


1909 


1907 
1909 


V 


Nov. 
June 
Nov. 30, 
July 
Jan. 
Nov. 30, 
Nov. 30, 
Oct. 
July 
Nov. 30, 
Nov. 
Nov. 30, 
Nov. 30, 
Nov. 30, 
April 
Nov. 30, 
Jan. 
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MEMBERS (Continued). 
SHEPPARD, CHARLES ALFRED. 115 Purcell St., Edwardsville, 

Engrs. and Contrs.), 221 Assoc. 
CARLTON. Bellefield Dwellings, Pittsburg, Pa.... 
CHESTER ASHLEY. Res. Engr., Yukon Gold Co., 

THOMPSON, First Asst. City 

Engr.; Vice-Pres., East St. Louis Eng. 

Co. 1802 College Ave.), East 

CARLOS. Avenida 878, Buenos Aires, 

Francis Potts. Engr. Chg. Bridge Design- 

ing and Estimating, Am. Bridge Co., Church 

New York City (Res., Mulford St., East 

WRENTMORE, CLARENCE GEORGE. Care, Bureau 


Islands 


ASSOCIATE MEMBERS 


BARTELL, Max Asst. Engr., City Engr.’s Jun. 
Office, Hewes Bldg., San Francisco, Cal. 
GEERT. Asst. Engr. with Pearson, Broad 
St., 20th Floor, New York City.................. 
BLACKMORE, GEORGE GLOVER. Jackson Ave., Long Island 
Care, Carter, Chf. Engr., Chicago, Ill........ 
Brown, Burtis Structural Engr., 161 Devonshire 
ALFRED Asst. City Engr., Spokane, Wash. 
DAVENPORT, JAMES WATSON. Res. Engr., Lake View Trac- 
tion Co., North Memphis Saving Bank Bldg., Mem- 
VAHRAM YETTVART. Elec. Engr., The Telluride 
WILLIAM SANBORN. Gen. Contr. (Scott Farley), 
FARRIN, JAMES Engr. Bridges and Bldgs., Cuba 
R., Camaguey, Cuba 


Date 
Membership. 


Nov. 30, 1909 


April 1897 
Jan. 1910 
Jan. 1910 
Nov. 1909 
Oct. 1901 
Oct. 1905 
Nov. 30, 1909 
Oct. 1909 
Nov. 30, 1909 
April 1905 
Oct. 1909 
Jan. 1910 
1906 
Oct. 1909 
Nov. 30, 1909 
Nov. 30, 1909 
Nov. 30, 1909 
Oct. 1909 
Oct. 1909 
Nov. 30, 1909 
July 1909 
Nov. 1909 
Nov. 30, 1909 
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ASSOCIATE MEMBERS (Continued). 


HADSALL, JOSEPH Wheatland, Wyo............. 
HAYNES, CLAUDE 575 Dean St., Brooklyn, 


Hovey, Ray With Minneapolis Steel 
un. 


Machi Co., 324 Dooley Blk., Salt 


Lake City, Utah 


Jun. 


JAMES, ALFRED Chf. Draftsman, Pac. Div., 
Isthmian Canal Comm., Corozal, Canal Zone, Pan- 
JEWETT, THOMAS Vice-Pres., Stevens 
JONES, WALTER ALPHEUS. Chf. Engr., Titusville North- 
MITCHELL, LESTER HALE. Care, Reclamation Service, 
PEOTTER, REUBEN Massena, Y............ 
PULLAR, WILLIAM “St. Kitts,” Essendon, Victoria, 
FREDERICK ADOLPH. Engr. Chg., Foundation 
Dept., John Monks Sons, Beaver St., New York 


SHELDON, Secy. and Treas., Buck Sheldon, 
SHELMIRE, WARREN. Draftsman, Wheeling Lake 
ARTHUR. Junior Engr., Jun. 
Engr. Dept., Fort Stevens, Ore......... 
FRANK Congress St., Room 82, Bos- 


VERNON, STEPHEN Designing Engr., Syracuse In- 
tercepting Sewer Board, 112 Court House, Syracuse, 

WATKINS, Guy (Dickinson, Kings- 
ley Watkins), Southern Trust Jun. 

1775 Old Colony Bldg., Chicago, 


ASSOCIATE 


HARTMANN, Pres., Carbolineum Wood 
Preserving Co., 182 Franklin St., New York City... 


[Society 
Date 
Membership. 

Nov. 1909 
Jan. 1910 
Jan. 1906 
Nov. 1909 
June 1905 
Jan. 1910 
Nov. 1909 
Nov. 30, 1909 
Nov. 30, 1909 
July 1909 
Oct. 1909 
Nov. 30, 1909 
Aug. 31, 1909 
Jan. 1910 
Oct. 1909 
Nov. 30, 1909 
April 30, 1907 
Oct. 1909 
Jan. 1910 
Jan. 1910 
Jan. 1907 
Nov. 1909 
Nov. 30, 1909 
Jan. 1910 
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JUNIORS 


BILLWILLER, 167 Washington Ave., San 
JoHN 240 State St., Trenton, J.. 
CaTER, WALTER Day. Civ. Engr. for the Am. Cement Engr. 
HAZEN, 209 State St., Portland, 
MILLER, Main St., Potsdam, Y............ 
CHRISTOPHER Asst. Engr., Dist. No. 
Bureau Public Works, Guinobatan, Albay, Manila, 
Philippine Islands......... 
Epwin. Instrumentman, City 
SHERMAN, ARTHUR Asst. Engr., Board Water 
Supply New York, A., White Plains, 


see 


STEWART, CHARLES 5757 Drexel Ave., Chicago, 
SWEETLAND, ANTHONY. Orchard Ave., Providence, 


VEATCH, NATHAN THOMAS, JR. Res. Engr. for The 
Worley Co., Cons. Engrs., 206 Reliance Bldg., Kansas 
City, 


RESIGNATIONS 


MEMBERS 


Curry, CHARLES 
PARKER, ANDREW McCLEAN 
Symons, THOMAS WILLIAM 
ARTHUR MANNING 


Towson, Morris SHERMAN 


WILLIAM HILL 


Date 
Membership. 


Nov. 
Nov. 


Nov. 
Nov. 
Nov. 


Nov. 
Nov. 


Oct. 


Nov. 


Jan. 


Nov. 


1909 
1909 


1909 
1909 
1909 
1909 
1909 
1909 


1909 


1910 


1909 


1909 


1909 


Date 
Resignation. 


Dec. 


31, 


31, 


31, 


1909 
1909 
1909 
1909 
1909 
1909 


1909 
1909 
1909 


1909 
1909 


30, 
8, 
ai 
30, 
Oct. 
\ 
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[Society 


JUNIORS Date 


Resignation. 


DEATHS 
Elected Member, November 2d, 1887; died January 
5th, 1910. 


CAMILLE STANISLAUS. Elected Member, January 4th, 1888; 
died January 2d, 1910. 

CHARLES BENJAMIN. Elected Member, March 2d, 1892; died De- 
cember 1909. 


METCALF, WILLIAM (Past-President). Elected Member, July 2d, 1873; died 
December 5th, 1909. 


Elected Associate Member, November 
1897; died October 5th, 1909. 

WILLIAM Elected Member, May Ist, 1907; date death 
unknown. 


Van Elected Member, April 7th, 1897; died Decem- 
ber 22d, 1909. 


Total Membership the Society, January 11th, 1910, 
299. 
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CURRENT ENGINEERING LITERATURE 


MONTHLY LIST RECENT ENGINEERING ARTICLES OF. 
INTEREST 


(December 7th, 1909, January 10th, 1910) 


list published for the purpose placing before the 
members the the current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
each journai this list: 


Journal, Eng. Soc., 
Milk Boston, Mass., 30c. 

1317 Spruce St., Philadelphia, 

Journal, Franklin 


Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 
Transactions, Can. Soc. 

Montreal, Que., Canada. 
School Mines Quarterly, Co- 
Univ., New York City, 
Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 
Institute Indicator, Stevens 
Inst., Hoboken, J., 
Engineering Magazine, New York 
25c. 
Magazine, New York City, 


Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 


News, New York City, 
Record, New York 


City, 12c. 

Railway Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, New 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 


Scientific Supplement, 
New York City, 10c. 
Iron Age, New City, 10c. 


London, Eng- 
25c. 

Iron and Coal Trades Review, Lon- 
don, England. 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 


American Gas Light Journal, 


York City, 10c. 


American Engineer, New 
City, 20c. 
Electrical Review, London, Eng- 

land. 


World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New Water- 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins: 
Fer des Tramways, Paris, 


France. 
Machinery, Chicago, 

Proceedings, Am. Elec. 
New York City, 50c. 

Annales des Pontes Chaussées, 
Paris, 

Journal. Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 

Scientific New York 
City, 8c. 

Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. Inst. Min. 
New York City, 


American, 
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(57) Colliery Guardian, London, Eng- (81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
(58) Proceedings, Engrs.’ Soc. Pa., many. 
Fulton Pittsburg, Pa., (83) Age, New York City, 
oUc. a 
(59) Transactions, Mining Inst. Scot- (84) Paris, France. 
land, London and Newcastle- (85) Proceedings, Am. Ry. Eng. and 
upon-Tyne, England. Assoc., Chicago, 


(60) Municipal Engineering, (86) Engineering-Contractin Chicago, 
apolis, Ind., 25c. 


(61) Proceedings, Western Railway Chicago, 
the International Ry. 
Pittsburg, Pa. 


gium. 
(63) Minutes Proceedings, Inst. E., 
(89) Proceedings, Am. Soc. for Testing 


Materials, Philadelphia, Pa. 
(64) Power, New York City, 20c. (90) Transactions, Naval 
(65) Official Proceedings, New York 
Railroad Club, Brooklyn, Y., Archts., London, England. 


(91) Transactions, Soc. Naval Archts. 
(66) Lighting, London, Marine New York 
ngland, 15c. 

(92) Bulletin, Soc. pour 
(68) Mining London, England. 
(70) Engineering Review, New York (93) Paris, 

(71) Iron and Steel Inst., Lon- (94) The Boiler Maker, New York City, 
(71a) Memoirs, (95) International Marine Engineering, 
Iron and Steel Inst., London, New York City, 20c. 
England. (96) Toronto, Can- 
(73) Electrician, London, England, 18c. ada, 
(74) Transactions, Inst. and (97) Turbine, Berlin, Germany, Mark. 
Metal., London, England. (98) Journal, Engrs. Soc. Pa., 219 
(75) Proceedings, Inst. Mech. Engrs., Market Harrisburg, Pa., 30c. 
London, England. (99) Proceedings, Am. Soc. Municipal 
(76) Brick, Chicago, 10c. Improvements, New York City, 
(77) Journal, Inst. Elec. Engrs., London, $1. 
England. (100) Professional Memoirs, Corps 
(78) Beton und Eisen, Vienna, Austria. Engrs. A., Washington, 
(79) Forscherarbeiten, Vienna, Austria. C., $1.25. 
(80) Tonindustrie Zeitung, Berlin, Ger- (101) Worker, New York City, 
many. 


LIST ARTICLES 

Bridges. 

The Substructure the Passyunk Bridge.* Henry Quimby. (2) Oct. 

The Street Viaduct, Harrisburg, Pa.* John Allen and Benj. Love. 
ct. 

Concrete Bridges.* Daniel Luten. (98) Oct. 

for Reinforced Concrete Arches. George Dunham. 
ct. 

The Construction Four-Track Truss Bridge with Solid Floor; Chicago and 

Oak Park Elevated Ry.* (13) Dec. 


Bridge, Brandon, Man.* Speakman, Can. Soc. (96) 
ec. 


Bridge Inspection Disclosures. (14) 11. 
Suspension Bridge 600-Ft. Span Across the Culebra Cut the Panama Canal.* 
Zinn, Am. Soc. (13) Dec. 16. 
The Fabrication Heavy Current Drawbridge Girders.* (14) Dec. 18. 
Reinforced-Concrete Street Railway Bridge, St. Paul, Minn.* (13) 
ec. 


ec. 


The Delaware River Concrete Bridge, Slateford-Hopatcong Cut-off; Delaware, 
Lackawanna Western R.* (13) Dec. 30. 

The Construction the Rocky River Bridge.* (14) Jan. 

The Construction the Substructure the McKinley Bridge across the Missis- 
sippi River St. Louis, Washburn. (13) Jan. 


New Moment Table (Railroad Bridges).* Young, Can. Soc. 
(96) Jan. 


. 


CURRENT ENGINEERING LITERATURE 


Bridges— (Continued). 


Calculation Stresses Suspension Bridges.* Ralph Modjeski. (App. re- 
port Manhattan Bridge.) (14) Jan. 

Note sur Calcul des Bow-Strings Continus Application Béton 
Armé.* Lossier. (33) Nov. 27. 

Note sur des Travaux Viaduc St.-Florent 
Moyen d’Encorbellements Ciment Armé.* Verdeaux. (38) Dec. 

Pont Suspendu Rigide Cassagne, Systéme Gisclard; Chemin Fer Electrique 

ec. 
Die Parkgassenbriicke Temesvar (Ungarn).* Viktor Mihailich. (78) Nov. 23. 
Schwebefahre die Oste bei Osten.* (51) Serial beginning Dec. 


Electrical. 


Recent Improvements Incandescent Lamps.* Wilcox. (2) Oct. 

The Testing Steel for Magnetic Circuits.* Clyde Snook. (2) Oct. 

Some the Laws Concerning Voltaic Cells.* Edward Landis. (3) Dec. 

Wireless Telegraphy Plant the Tower.* Louis Dubois. (73) Dec. 

Shop Testing Direct and Alternating-Current Machinery. Rogers. (Paper 
read before the Rugby Eng. Soc.) (47) Dec. (12) Dec. 17. 

Factors Affecting the Design Self-Excited, Single-Phase, Shunt Induction 
Motors.* Val. Fynn. (27) Serial beginning Dec. 

The Iron Dynamometer Wattmeters.* Charles Drysdale. (73) 

ec. 

Majorana’s Wireless Telephone.* (19) Dec. 11. 

Protection Underground Pipes from Albert Ganz. (Paper read 
before the Amer. Gas Inst.) (83) Dec. 15. 

Mercadier’s System Telegraphy.* (73) Dec. 17. 

Marconi Wireless Telegraphy.* Marconi. (12) Dec. 17. 

The Distribution and Application Electric Power.* Peck. (Paper read 
before the Manchester Assoc. Engrs.) (47) Serial beginning Dec. 

Vector Diagrams Polyphase Windings.* Ayres. (27) Dec. 

Madison River Hydroelectric Development.* (27) Dec. 23. 

Heavy-Current Resistances Small Inductance. Orlich. (Abstract from 
Zeit. fiir Instrumentenkunde.) (73) Dec. 24. 

Modern Fac-Simile Telegraphs.* Alfred Gradenwitz. (19) Dec. 25. 

Generating Station the Lehigh Coal Navigation Company.* (27) Dec. 30. 

an. 

The Rignoux-Fournier System Television.* Fernand Honoré. (46) Jan. 

Comparative Methods and Cost Underground Conduit Construction.* Clarence 
Mayer. (86) Jan. 

New Theater, New York City; Electrical Equipment and Illumination the Most 
Artistic Theater America.* Schoonmaker. (27) Jan. 

Northern Connecticut Light Power Co.* (27) Jan. 

Electricity the Farm.* (27) Jan. 


Marine. 

The Design and Performance Curtis Marine Turbines.* Chalkley. (11) 
Dec. 

The Lancashire and Yorkshire Railway Company’s Turbine Steamers.* (11) 
Dec. 


Transmission Gear for Marine Turbines.* (11) Dec. 

The Six-Masted Schooner Wyoming.* (95) Jan. 

The Influence the Depth Water the Resistance and Speed High-Speed 
Torpedo Craft.* (95) Jan. 

Twin-Screw Steamer for Submarine Mine Service.* Fuller and 
Marsden. (95) Jan. 

The Colliers Mars, Vulcan and Hector.* (95) Jan. 

Design for Concrete Dry-Dock Pearl Harbor, Hawaii, for the United States 
Navy.* Bakenhus. (13) Dec. 

Dipper Dredge for Excavating Rock, Montreal Water-Works.* (86) 15. 

The Melville and Macalpine Speed Reduction Gear for Marine Steam Turbines.* 
(13) 30. 

The Dredges Leviathan and Coronation. Leroy Potter. (100) Jan. 

The Dredge Leviathan. Horace Lee Washington. (100) Jan. 

Large Wood and Steel Floating Dry-Dock.* (14) Jan. 

Cargo-Boat Pallon Déchargement par Transporteurs Courroies.* (33) 
Dec. 18. 


Mechanical. 
Mechanical Transshipment Railway and Water-Borne Freight, with Special 
Reference the Port New York.* McL. Harding. (65) Dec. 


The Gains Down-Draft over Up-Draft Kilns and Why. Butler. (Abstract 
paper read before the Brick Mfrs. Assoc.) (76) 


q 
| 
: 


f 
® 
‘ q 
4 


CURRENT ENGINEERING LITERATURE 


Mechanical— (Continued). 


Development Irregular Pipe Connection the Method Tangent and Cross- 
ing Planes.* Haddon. (94) Dec. 

The Windmills. Wm. Paul Gerhard, Am. Mech. Engrs. 

) ec. 

Improvements Resilient Wheels for Vehicles.* Clere Parsons. (29) Dec. 

6000 Horse-Power Dynamometer.* (12) Dec. 

Burning Natural Gas Boiler Fuel. David Moffat Myers. (64) Dec. 

Tarless Oil-Gas Producer.* Davis. (Paper read before the Ohio Soc. 
Mech. and Elec. Steam Engrs.) (13) Dec. 

Producer Gas Plant Practice.* Michael Chapman, (Paper read 
before the Engrs.’ Club Toronto.) (96) Dec. 10. 

Apparatus for Testing Aeroplane Models.* Larned, Mech. E., and 
Boswell. (11) Dec. 10. 

Method Calculating Steam-Turbines.* Rateau. (Tr. paper read before the 
Assoc. Tech. Maritime.) (11) Dec. 10. 

Gary: The Largest and Most Modern Steel Works Existence.* (46) Dec. 11. 

The Interborough Low-Pressure Turbine.* Fred Johnson. (64) Dec. 14. 

Some Recollections Soho Foundry, its Men and Methods.* Charles Wall, 

The Barometric Condenser Built the Mesta Machine Co.* (62) Dec. 20. 

Losses the Municipal Boiler Plants New York City. (13) 
ec. 

The Design and Construction Aeroplanes.* Chittenden and Robin- 
son. (Paper read before the Rugby Eng. Soc.) (47) Dec. 24. 

The Noble Electric Steel Co.’s Plant.* Dorsey Lyon. (Abstract paper 
read before the Amer. Electrochemical Soc.) (73) Dec. 24. 

The Simplex By-Product Coke Oven; Installation 100 Ovens the Devonshire 
Works the Staveley Company, Limited, near Chesterfield.* (57) Dec. 24. 

Aeronautics.* Charles Cyril Turner. (29) Serial beginning Dec. 24. 

Cost Making Cement England. Harry Horsburgh, Assoc. Inst. 
(Abstract paper read before the Jun. Inst. E.) (14) Dec. 25. 

The Wonderful Gyrostat, its Principles and Applications.* Horace 
(From American Machinist.) (19) Dec. 25. 

Air Gas Lighting. Herbert Carter. (66) Dec. 28. 

The Cost Producing Crushed Stone Boston, Mass., City Operated Crush- 
ing Plants. (86) Dec. 29. 

Gas Producer Central Station Aberdeen, South Dakota.* (27) Dec. 30. 

Floating Crane.* (96) Dec. 31. 

Making Steam with Mixed Fuel.* Arthur Mann. (9) Jan. 

The Development the Aeroplane.* Henry Harrison Suplee. (10) Jan. 

The Design, Construction and Operation High-Lift Centrifugal Pumps.* Franz 
zur Nedden. (9) Jan. 

the Number Courses Boiler Shell.* (94) Jan. 

The Wright Flyer and its Possible Uses War.* Humphreys. (100) 


Jan. 

Sewalls Point Coal Pier.* Harrington. (Abstract paper read before the 
Appalachian Eng. Assoc.) (45) Jan. 

Report Committee Benzol Enrichment (Amer. Gas. Inst.).* (83) Jan. 
(24) Jan. 

Condensing Plant Novel Design.* Ray. (64) Jan. 

Rational Method Determining the Principal Dimensions Water-Turbine 
Runners.* Zowski. (13) Jan. 

Gas-Engine Alternators Warren Miller. (27) Jan. 

Power Development for the Scranton Shops.* (15) Jan. 

General Shops the Sud-Pacifico Mexico Empalme.* (15) Jan. 

Excavateurs, Systéme Orenstein Koppel, Employés aux Travaux Port 
(33) Nov. 27. 

Concours Véhicules Automobiles Industriels (Versailles octobre-15 novembre 
1909).* Girardault. (33) Nov. 27. 

Notes sur Théorie des Engrenages.* A.-R. Garnier. (37) Serial beginning 
Nov. 30. 

aux Services Traction aux Transports Force.* (34) Dec. 
Transport des Minerais Fer Canigou Port-Vendres 

J.-E. Giraud. (33) Dec. 
Controle Chimique Combustion dans les Foyers Industriels.* Grand- 
mougin. (33) Dec. 
Dernier Type Dirigeable Rigide Zeppelin.* (33) 11. 
Les Grandes Aciéres Steel Co. Gary (Indiana, Hofer. 
(33) 11. 
Outillage pour Manutention Charbon dans Port Génes.* (33) 
Dec. 
Excavateurs Commande Electrique.* (33) Dec. 18. 


. 
: 
4 
iy 
7 
4 
yc, 
A 
4 


=. 


, 


CURRENT ENGINEERING LITERATURE 


Mechanical—(Continued). 


Berechnung von Radscheiben.* Keller. (97) Dec. 
Der Grossgasmaschinenbau Amerika. Rieppel. (48) Serial beginning Dec. 11. 
ec. 
Untersuchung der Wirkungsweise der Regelungsberichtigung bei der Regelung von 
Turbinen. Renard. (97) Serial beginning Dec. 20. 


Metallurgical. 


The Special Steels Theory and Practice. Walter Giesen. (71a) Vol. 

The Preparation Carbon-Free Ferro-Manganese (Further Experiments).* 
Wraight. (71a) Vol. 

Gases Occluded Steel.* Thomas Baker. (71a) Vol. 

Recent Progress Open Hearth Steel Practice.* Bradley Stoughton. (3) Dec. 

Smelting Plant the Butte Reduction Works.* Wethey. (16) Dec. 11. 

Oil-Fired Reverberatory Furnace.* Herrick. (45) Jan. 

The Malm Dry Chlorination Process.* Herrick. (45) Jan. 


New Process Iron Metallurgy; Slow-Rusting Iron Produced the 
Hearth Furnace. (13) Jan. 


Military. 
Sights for Small Arms and Machine-Guns.* 


Mining. 


Winding Engine Design.* James Wells, Assoc. Inst. (Astract 
paper read before the Manchester Assoc. Engrs.) (57) Serial beginning 
Dec. 10; (22) Serial beginning Dec. 

Record Experimental Blast with Some Data Cost.* (86) Dec. 15. 

Drilling Auger for Prospecting for Coal above Water Level.* Baird Halber- 
stadt. (Abstract paper read before the Appalachian Eng. Assoc.) (13) 


Dec. 16. 

Sinking the John Shaft Hamsterley Colliery through Sand and Gravel Means 
Underhanging Tubbing. John Cummings. (Paper read before the North 
Eng. Inst. Min. and Mech. Engrs.) (22) Dec. 17. 

The Effect Sprayers the Main Roads Collieries.* Elwen. (Abstract 
before the North Eng. Inst. Min. and Mech. Engrs.) 

ec. 

Mechanical Haulage Mines. (Abstract Report Committee the Royal 
Comm. Mines.) (47) Serial beginning Dec. 17. 

Discussion Explosives Coal Mines.* Frank Morris. (16) Dec. 18. 

Chair.* Clapier. (Abstract from Compt. Rend.) (16) 

ec. 
San Ygnacio Mine and Mill, Chihuahua, Mex.* Oreste Peragallo. (16) Dec. 25. 
Granby Consolidated, Phenix, C.* Roy Hutchins Allen. (16) 

The Concentration Magnetic Iron Ores.* Hansell. (9) Jan. 

Mexican Concentrator.* Baron. (45) Jan. 

Skip-Changing Devices Butte. Herrick. (45) Jan. 

Electrostatic Separation.* Leroy Palmer. (45) Jan. 

The Center Star Group Mines, Rossland, C.* Roy Hutchins Allen. (16) 
Jan. 

Data the Storage and Handling Explosives.* (Abstract from Bulletin 
Geol. Surv.) (86) Jan. 

Concentrating the Lean Ores the Mesaba Range.* (20) Jan. 


Miscellaneous. 


The Cost Hauling with Traction Engines and Dump Wagons Compared with 
Hauling with Horses.* (Abstract report the Construction Service Co.) 
(86) Dec. 

Moving Earth with Elevating Graders and Dump Wagons. (14) Dec. 11. 


Municipal. 
Methods and Cost Sprinkling Road Surfaces with Oil.* Gillette. (86) 


Dec. 

Specifications the New York State Highway Department for Bituminous Mac- 
adam and Characteristics Required the Bituminous Materials. (86) 
Dec. 

Reconstruction the Washington Street Tunnel, Chicago.* (14) Dec. 11. 

Costs Various Kinds Municipal and Sanitary Work Panama. (86) 
Dec. 15. 

Cost Patching Asphalt Pavement, using Small Repair Plant. (86) Dec. 15. 

Standard Specifications the New York State Highway Commission for Brick 
Pavement.* (86) Dec. 15. 


{ 
‘ : 
4 
if 


q 
. 


CURRENT ENGINEERING LITERATURE 


Standard Details the New York State Highway Department for State and 
County Roads.* (86) Dec. 15. 

Extracts from Papers before the British Road Conference 1909.* (13) Dec. 16. 

Control Workmanship Asphalt Pavements. Kirschbraum. 
Michigan Technic.) (96) Serial beginning Dec. 17. 

The Possibilities Portland Cement Road Material. Logan Page. 
(Paper read before the Assoc. Amer. Portland Cement Mfrs.) (13) Dec. 
23; (14) 25. 

Cost Road Treatment with Oil and other Dust Preventives Washington, 
(86) Dec. 29. 

Municipal Park Improvement.* (96) Dec. 31. 

Town Scavenging and Refuse Disposal; Street Cleaning. Hugh Watson, 

Tests Street Flushing Machines, New York City. (14) Jan. 


Railroads. 


Electrification Railroads. Frederick Darlington. (98) Oct. 

Electrification Chicago Railways. Seley. (61) Nov. 

Transportation Dangerous Articles.* Dunn. (61) Nov. 

H-8-b Class Freight Engines: Pennsylvania Railroad.* (21) Dec. 

Locomotive Superheaters.* John Williams and Jas. Hodgson. 

ec. 

Report the Question Perishable Goods. (Subject for discussion the 8th 
Sess. the Ry. Cong.)* Culp. (88) Dec. 

Report the Question Motor Car Services. (Subject for discussion the 8th 
Sess. the Ry. Cong.)* Inglis. (88) Dec 

Screw Bushes for Strengthening Rail Varine. 

Methods Employed for Working Electric Railways.* Zehme. (88) Dec. 

Electric Traction Conditions the Argentine Republic.* Kelly, Assoc. 

Original Cost and Cost Reproduction the Great Northern Railway (768 
Miles) the State Washington. (86) Dec. 

Padova-Fusina Single-Phase Railway.* Mario Stoppoloni. (27) Dec. 

Consolidation Locomotive for the Southern Utah Railroad.* (15) Dec. 10. 

Switch Adjustment. Arkenburgh. (15) Dec. 10. 

Pacific Locomotive for the Western Railway France.* (15) Dec. 10. 

Chicago’s Sixty Miles Freight Subway. (46) Dec. 11. 

Cost Constructing the Miraflores Tunnel the Panama R.* (86) Dec. 15. 

Locomotive Proportions and Power. James Wells, Assoc. Inst. (12) 
Serial beginning Dec. 17. 

Compound Engines. Deeley, Inst. (12) 17. 

The Mallet Compound the Great Northern Ry.* (18) Dec. 18; (15) 
Dec. 

Rail Creeping Wet Sub-Grade.* (15) Dec. 17. 

Railway Depreciation Accounts. Sturgis. (Abstract paper read before 
the National Assoc. Ry. Commrs.) (17) Dec. 18. 

Side and Center Bearings Car.* Stucki. (Abstract paper read before 
the Ry. Club Pittsburg.) (18) Dec. 18. 

Railway Terminals and Their Relation City Planning. Delano. 
(Paper read before the Amer. Inst. Archts.) (14) Dec. 18; (15) Dec. 24. 

Subaqueous Section the Detroit River Tunnel.* (14) Serial beginning Dec. 18. 

The Bergen Hill Four-Track Tunnels, Erie Railroad.* (14) Dec. 18. 

The Cost Overhead-Trolley Systems. Williams, Jr. (14) Dec. 23. 

Tunnel Failures and Repairs the Eastern Railway France.* (13) Dec. 23. 

Two Recent Developments Car Ventilation.* (13) Dec. 

The Bergen and Christiania Railway.* (11) Dec. 24. 

Accumulator Railway Cars for the Prussian State Railways.* Van Langen- 
donck. (15) 24. 

Kendrick Tie Finishing and Screw Pike Driving Machine.* (15) Dec. 24. 

Railway Signaling. Henry Prout. (From Harper’s Weekly.) (15) Dec. 24. 

The Oranienburg Experimental Line the Prussian Government Railways.* (17) 
Dec. 25. 

Comparison Gasoline Car, Single-Phase and Steam Locomotive Costs.* 
Harrington. (17) Dec. 25. 

Application Motor Trucks Railroad Service. Buckwalter. (Abstract 
paper read before the Eng. Club Altoona.) (18) Dec. 25. 

Some Retaining Wall Construction Connection with the Chicago Northwestern 
Ry. Track Elevation Work Chicago.* (86) Dec. 29. 

Multiple Unit Circuits for Trains.* Ralph Krass. (27) 
Dec. 30. 

Comparative Test Electric and Acetylene Headlights Locomotives. 
Gray, Assoc. Am. Soc. (13) Dec. 30. 

Electrically Operated Plane.* Alfred (45) Jan. 


*Tllustrated. 


pal 
i 
= 
4 
4 
‘ 


4 
q 


CURRENT ENGINEERING LITERATURE 


Railroads— (Continued). 


the Space Economy the Single-Phase Series Motor.* Wm. Franklin and 
Stanley Seyfert. (42) Jan. 

Terminals.* (25) Serial beginning Jan. 

Fuel Economy Testing Plants and Railroads.* Vaughan. (Paper read 
before the Western Canadian Ry. Club.) (25) Jan. 

The St. Louis Water Works Railway. Charles Claude Casey. (60) Jan. 

The Thamshavn-Lokken Single-Phase Electric Road.* (18) Jan. 

Block Signal Installations C., Ry.* (18) Jan. 

Express Passenger Locomotives Paris, Lyons and Mediterranean Railway.* Ernest 
Graham. (15) Jan. 

Railroad Location.* Swan. (96) Serial beginning Jan. 

Les Loqueteaux Automatiques Sureté pour Portieres Chemins Fer.* Ch. 
Dantin. (33) Nov. 27. 

Note sur Quelques Ateliérs Reparation Construction Locomotives 
(1908).* Desgeans Houlet. (38) Dec. 

Locomotive Electrique Adhérence Crémaillere Ligne Montreux-Glion 
(Suisse).* (33) Dec. 

Etude d’une Commande par Bielles pour Locomotives Electriques Trains 
Marchandises.* Curt Heilfron. (33) Dec. 25. 

Die 5/5-Gekuppelte Giiterzug-Verbundlokomotive der 
bahnen.* Buchterkirchen. (48) Dec. 

Die Cl-Vierzylinderverbund-Heissdampflokomotiven der 
Staatseisenbahnen.* Dauner. (48) Dec. 18. 


Railroads, Street. 


Track and Line Improvements the Coney Island Brooklyn Railroad Com- 
pany.* (17) Dec. 

Comparison Operation the New York and Paris Subway Systems.* Robert 
Whitten. (17) Dec. 11. 

Details Concrete Encasement for Elevated Railway Structure and Special 
Forms Employed Its Construction.* (86) Dec. 15. 

The Concrete-Covered Steel Structure the Forest Hills Extension the 
Elevated Ry.* (13) Dec. 16. 

Recent Extensions the Boston Elevated System.* (17) Dec. 18. 

Train Operation Chicago Freight Tunnels.* (27) Dec. 23. 

Current Consumption.* Pilcher. (Paper read before the Mun. Tramways 
Assoc.) (96) Dec. 24. 

London’s First Elevated Electric Railway. Paley. (14) Dec. 25. 

The Main Street Subway, Cambridge, Massachusetts.* (14) Jan. 

House the Capital Traction Company, Washington, C.* (17) 


Calculations Tie Between Railway Power Stations.* Ralph 
Rice. (17) Jan. 


Sanitation. 


Refuse Disposal, and the New Refuse Incineration Plant for Milwaukee.* Samuel 
Greeley. (Paper read before the Engrs.’ Soc. Milwaukee.) (1) Nov. 
Legal Aspects the Smoke Nuisance. Brackenbury, Assoc. Inst. 


paper read before the Soc. Brit. Gas Industries.) (66) 
ov. 20. 


Air Pollution Smoke.* (66) Nov. 30. 
Heating Plant Crawfordsville, Indiana.* Gifford. (70) 


The Relation Standards. Gilbert John Fowler. (Ab- 
paper read before the Royal San. Inst.) (96) Serial beginning 
Dec 

Standards Purification Sewage Disposal Effluents. (14) Dec. 11. 

Itemized Cost Storm Water Drain.* (14) Dec. 18. 

Heating Plant Railway Storehouse.* Irving Brewer. (14) Dec. 18. 

Sewage Country Houses. John Watson. (Abstract paper read 
before the Inst. San. Engrs.) (14) Dec. 18. 

Comparison Forced-Circulation Hot Water, and Vacuum Steam Central Heating 
Plants.* Joseph Maguire. (13) Dec. 23. 

Asphalt Joints for Sewer Pipe.* Carl Henneking. (14) Dec. 25. 

Utilizing Creek Valley Bed for City Sewer.* Harlow Gale. (14) Dec. 25. 

Specifications for Concrete Sewers Richmond, Ind.* (86) Dec. 29. 

Methods and Cost Constructing Concrete Sewers Richmond, Ind.* Fred. 
Charles. (86) Dec. 29. 

The New Sewage Disposal England. (From The Surveyor.) (14) 
Jan. 

Cost Sewer Construction Day Labor Boston. (14) Jan. 

The New Refuse Destructor Milwaukee. (14) Jan. 

Discussion Sewer Specifications. (14) Jan. 


*Tllustrated. 


4 


4 
4 


CURRENT ENGINEERING LITERATURE 


Sewage Disposal Plant.* Clyde Potts, Am. Soc. (14) 
The Design and Operation Refuse Destructors. William Loveday. (Abstract 
paper read before the Inc. Assoc. Mun. and County Engrs.) (14) Jan. 
The Disposal Dairy Wastes. Elliot Kimberly. (Abstract from Quarterly 
Bulletin, Ohio State Bd. Health.) (14) Jan. 


Structural. 


the Study Steel for Gears.* Louis Révillon. (71a) 
the Study the Special Ternary Steels.* Albert Portevin. 


The Strength Nickel- Steel Riveted Joints, with Special Reference Resistance 
Slip. Ernst Preuss. (71a) Vol. 

Cement and Sand for Concrete. (An informal discussion before the Boston Soc. 
Civ. Engrs.) (1) Nov. 

Metal Screed for Concrete Floor Slab.* Benjamin Fox. (Paper read before the 
Boston Soc. Civ. Engrs.) (1) Nov. 

The Design and Construction the Large Gasholder Tank Manchester.* Frank 
Robinson. (Paper read before the Manchester Assoc. Students the 
Inst. E.) (66) Nov. 30. 

Testing Metals for Hardness.* (41) Dec. 

vs. Round Rods Anchored, for Reinforced Concrete.* Toupet. 

ec. 

The Gas Holder.* Lewis Vincent. (58) Dec. 

The Setting Portland Cement. Bamber. (Abstract paper read be- 
fore the Concrete Inst.) (67) Dec. 

The Features the Athletics’ Baseball Park.* Michael Monaghan. 

The Limitations Reinforced-Concrete Design. Thorpe, Assoc. Inst. 

and New Gasholders Gateshead.* (12) Dec. 

Comparison Timber and Concrete Piling the Basis Cost. Gay- 
paper read before the National Cement Users’ Assoc.) 

ec. 

Comparison Reports Tests the Same Cement Various Laboratories. 
Alexis Saurbrey. (13) Dec. 

Comparison the Cost Two Methods Concrete Construction: Separately- 
Molded Members vs. Structures.* Mason Pratt, Am. Soc. 

The Works Drysdale Co., Limited, Yoker, Glasgow.* (12) Dec. 10. 

Reinforced Concrete Piles for German Government Building.* (Abstract from 
Zentralblatt des Bauvervaltung.) (14) Dec. 11. 

Recording Photographically the Setting Cement.* Burchartz. (14) Dec. 11. 

The Heine Boiler Works St. Louis.* (14) Dec. 11; (15) Jan. 

The the Surety Building, Muskogee.* Donald Smith. (14) 

The Catastrophe the Hamburg Gas Works.* (66) Dec. 14. 

Design and Construction New Retort House the Adderley Street Gas-Works 
the Birmingham Corporation.* Carrington Barber. (Paper read before 
the Midland Junior Gas Eng. Assoc.) (66) Dec. 14. 

Some Notes Concrete Materials and Proportions. (86) Dec. 15. 

Concrete Piles with Enlarged Bases.* Hunley Abbott. (13) Dec. 16. 

Concrete Pile with Concrete Shell and Removable Steel Core.* (13) Dec. 16. 

Some Characteristics Cement Brick. (96) Dec. 17. 

Two New Codes Professional Ethics. (14) Dec. 18. 

The Reinforced Concrete Post Office Buildings, London. (14) Dec. 18. 

The Foundations the Paris, Illinois, Post Office.* (14) Dec. 18; (86) Dec. 29. 

Device for Testing Balk.* Dent. (100) Jan. 

Industrial Applications Reinforced Concrete.* Sloan. (9) Jan. 

Machine for Making Concrete Test Specimens.* (14) Jan. 

Concrete Boundary Monuments.* (14) Jan. 

Possible Use Mineral Oils Mixed with Concrete. Albert Moyer, Assoc. Am. Soc. 

Constructing Duplicate Buildings Competing Gangs.* (14) Jan. 

Tests Determine the Efficiency Various Commercial Waterproofing Com- 
pounds for Concrete.* McCullough. (Abstract, Bul. 336, Univ. 
Wis.) (86) Jan. 

Steel and Concrete, Their Co-ordination Reinforced Concrete Construction.* 
Springer. (20) Jan. 

The Blake Johnson Model Factory.* (20) Jan. 

Composite Sand and Rock Foundation for Tall Building. (13) Jan. 


A 
: 
ody 
7 


N 
Ww 
N 
. A 
H: 

q 


CURRENT ENGINEERING LITERATURE 


New Featherstone Foundry, Chicago.* (15) Jan. 


The Plain and Reinforced Concrete Columns.* Charles Hall. (14) 
an. 


German Airship Sheds.* (19) Jan. 
Ciment dans Mer.* (84) Nov. 
Meilleur Procédé pour Déterminer Commencement Durée Prise.* 


Laborbe. (Paper read before the Inter. Assoc. for Testing Materials.) 
(84) Serial beginning Nov. 


Planches Ciment. Armé.* (84) Nov. 
Machine Mouler les Tuyaux Ciment.* (34) Dec. 
Briques Ciment Armé, Systéme Aragon.* Cr. Dantin. (33) 


ec. 

Liver Liverpool.* Rabut. (33) Dec. 11. 

Formsteinbalkendecke ‘‘System Rich. Wuczkowski. (78) Nov. 23. 

Max Kurrein. (48) Serial beginning 


ec. 

Der des Grossen Gaswerk Grasbrook Ham- 

burg.* (51) Serial beginning Dec. 

Die Verwendung von zur Zugbewehrung von Betondecken.* Stein- 
berger. (51) Dec. 22. 


Bericht iiber das Verhalten Hydraulischer Bindemittel Seewasser (nach den 
Versuchen auf Sylt.) (51) Dec. 22. 


Topographical. 
Emploi des Reseaux Géodésique pour les Etudes Traces dans les Pays Neufs.* 
Maury. (30) Dec. 


Water Supply. 


The Venturi Meter and Its Use Power Plants. Richardson. (Paper read 
before the National Dist. Health Assoc.) (70) 

The Standley Lake Dam, near Denver, Colorado.* (67) Dec. 

Flood Prevention and Land Fertilization Basin Irrigation the Sacramento 
San Joaquin Valley.* (13) Dec. 

The Shoshone Dam, Reclamation Service, near Cody, Wyo.* Savage, 

Water-Power Resources Texas. James Starr. (27) Dec. 

250 000-h.p. Hydroelectric Development.* Einar Brofos. (27) 

ec. 

Irrigation Oil-Driven (14) Dec. 11. 

The Water Supply Springfield, Ohio.* Paul Hansen. (14) Dec. 11. 

The Reclamation the Arid Lands the West.* (46) Dec. 11. 

Moving Earth with Elevating Graders and Dump Wagons. (14) Dec. 11. 

Water-Supply Tunnel under New York City.* (13) (14) 
Dec. 

Brief Water Shortage Springfield, Mass., Caused Ice Crystals the Gate 


Chamber the Ludlow Reservoir. Elbert Lockridge, Assoc. Am. Soc. 
(13) Dec. 16. 


Frazil. (96) Dec. 17. 

The Hill View Reservoir, Catskill Water Supply.* (14) Dec. 18. 

Design and Operation Mechanical Filter Plant.* (14) Dec. 18. 

Fublic Water Supply for Purposes Fire Extinguishing. Oldham. (Ab- 
stract paper read before the Assoc. Water Engrs.) (66) Dec. 21. 

The Reclamation Project the Idaho Irrigation Company.* (14) Dec. 25. 

The Policy Water Filtration. George Whipple. (Paper read before the 
Assoc. Private Water Companies.) (14) Dec. 25. 

The Kensico Reservoir, Catskill Water Supply.* (14) Dec. 25. 

Effect Roughness Bed Depth Water and Distribution 
Murphy, Am. Soc. (13) Dec. 30. 

Large Blast Morena Dam, California.* O’Shaughnessy, Am. Soc. 
(13) Dec. 30. 

The Water Works Marion, Ind.* Elkanah Hulley. (60) Jan. 

Specifications for Reinforced Concrete Pressure Pipe.* (60) Jan. 

Progress the Rondout Pressure Tunnel.* John Hogan. (14) Jan. 

The Failure Small Concrete Dam.* Smith Steere. (14) Jan. 

Water System the New York Edison Company.* (14) Jan. 

Baths German Schools.* (101) Jan. 

Cut and Cover Construction the Catskill Aqueduct.* (14) Jan. 

Hydroelectric Development the Minidoka Project.* (14) Jan. 

Théorie Pneumatique des Liquides.* Jannin. (37) Nov. 30. 

Uber einige Grosse Wasserkraftanlagen und 
Bedeutung.* Theodor Koehn. (Paper read Verband Deutscher 
Elektrotechniker Kéln.) (97) Serial beginning Dec. 


' 
3 
| 
| 


Di 


CURRENT ENGINEERING LITERATURE 


Waterways. 


Mechanical Transshipment Railway and Water-Borne Freight, with Special 
Reference the Port New York.* McL. Harding. (65) Dec. 

Fishguard Harbour.* (12) Serial beginning Dec. 

Records and Costs Excavation the Main Channel and Lock Work the 
Panama Canal for the Year Ending June 30, 1909, with Some Summaries 
Excavation Costs. (86) Dec. 

The Reinforced-Concrete Municipal Pier, Santa Monica, Cal.* Edwin Hall War- 

The Proposed Lakes-to-the-Gulf Deep Waterway.* (46) Dec. 11. 

Some Methods and Costs Work Constructing the Gatun Dam for the Panama 
Canal.* (86) Dec. 15. 

Pier the Boston Terminal the Boston Albany R.* (14) Dec. 25. 

Modern Dredging Appliances for Waterways.* Seager. (10) Jan. 

Sabine Bank Light Station, Tex.* Brown. (100) Jan. 

Decline Water Transportation Western Rivers.* McD. Townsend. (100) 


Jan. 

Sinking Stone Dumps with Water Jet.* Henry Babcock. (100) Jan. 

The Ohio River. Altstaetter. (100) Jan. 

Machine for Cutting Off Piles.* Clarence Coleman. (100) Jan. 

Notes the Construction Concrete Dam McGrew Shoals, Ala.* Henry 
Jervey. (100) Jan. 

The Army Engineer and River Improvement. Dickinson. (100) Jan. 

Emergency the Life River.* Robert Taylor. (100) Jan. 

Two Hydroelectric Developments the Peshtigo River.* (14) Jan. 

The Paxton Creek Flood Controlling Works.* Riegel. (Abstract from 
Cornell Civil Engineer.) (14) Jan. 

The Proposed Lake Washington Canal, Seattle, Wash.: Great Engineering 
Project.* Archibald Powell, Am. Soc. (13) Jan. 

Excavating Submerged Rock with Drill Boat.* (14) Jan. 

Submarine Sound Signals. (19) Jan. 

Notes sur les Axes Hydrauliques Débit sur Forme des Axes 
Lit Donné.* Duvigneaud. (30) Dec. 

Die Bauanlagen zur Herstellung des Betonmauerwerkes fiir die Schiffschleusen des 
Kanales Pedro Miguel und Miraflores.* Walter Rowland. (48) 

ec. 

Uber Flussregime und Talsperrenbau den Ostalpen.* Max Singer. (53) Se- 
rial beginning Dec. 10. 

Der Miike-Hafen und Seine Kohlenladeeinrichtung.* (48) 
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MINUTES MEETINGS 
THE SOCIETY 


FIFTY-SEVENTH ANNUAL MEETING.* 


January 1910.—The meeting was called order M.; 
President Onward Bates the chair; Chas. Warren Hunt, 
and present, also, about 245 

Messrs. Horace Howe, Carter, and Cowles were ap- 
pointed tellers canvass the Ballot for Officers for the ensuing year. 
Annual Report the Board Direction, and the Annual 
Reports the Secretary and the for the year ending 
December 31st, 1909, were presented and accepted. 


full report the Fifty- -seventh Annual Meeting printed pages this 
number Proceedings. 

these reports see pages Proceedings for January, 1910 (Vol. 
XXXVI). 
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MINUTES MEETINGS [Society 


The following were appointed members the Nominating Com- 
mittee serve two years: 


Meem.......... Representing District No. 


The presented report from the Special Committee 
Steel Columns and Struts.* 


The report was accepted and ordered printed, and the Committee 
was continued. 

The Secretary presented report from the Special Committee 
Bituminous Materials for Road 


The report was accepted and ordered printed, and the Committee 
was continued. 


The Secretary presented report from the Special Committee 
Rail 

The report was accepted. 

Desmond FitzGerald, Past-President, Soe. E., Chairman 
the Special Committee Engineering Education, presented Prog- 
ress Report that Committee.§ 


The report was accepted progress report, and the Committee 
continued. 

The Secretary presented report from the Special Committee 
Uniform Tests Cement, and also Minority Report from Alfred 
Noble, Past-President, Am. Soe. 

After discussion, was ordered that the report accepted, and 
the Committee continued and directed make final report the 
next Annual Meeting. 

Molitor, Am. E., presented report from the 
Special Committee the Status the 

After the report was accepted and the Committee was 
discharged. 

The Secretary presented letter from the Members the American 
Society Civil Engineers residing St. Louis and vicinity, stating 
that their Second Annual Dinner would given Thursday even- 
ing, January 20th, 1910. motion, duly seconded, the Secretary 


was instructed send congratulations the St. Louis Members, 
and thank them for their letter. 


This report was printed Proceedings, Vol. XXXV, page 519 (December, 1909). 


report was printed Proceedings, Vol, XXXV, page 517 (December, 1909). 
See page 62. 


See page 65. 
pages and 67. 
page 69, 
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The Secretary made some announcements reference the 
programme the Annual Meeting. 


The Secretary presented the report the Special Committee 
and Reinforced Concrete.* 


The report was accepted and the Committee continued. 


The report the tellers appointed canvas the Ballots for Officers 
for the ensuing year was presented. 


The President announced the election the following Officers: 


President, serve one year: 
New York City. 


Vice-Presidents, serve two years: 


Hunter Nashville, Tenn. 


Treasurer, serve one year: 
New York City. 


Directors, serve three years: 


New York City. 
Loomis, New York City. 

Jr., Philadelphia, Pa. 
Grass Valley, Cal. 


Mr. and Mr. Stearns conducted Mr. Bensel, the Presi- 
dent-elect, the chair. 


Mr. Bensel addressed the meeting briefly. 
Adjourned, 


February 2d, 1910.—The was called order 8.30 
M.; Gardner Williams, Director, Am. E., the chair; 
MeMinn, Assistant Secretary, acting Secretary; and present, 
also, 125 members and guests. 

paper Kennard Thomson, Am. Soe. E., entitled 
“Underpinning the Cambridge Building, New York City,” 
sented the author and illustrated with lantern slides. The 
sistant read communication the subject from 
Hough, Am. E., and the subject was discussed orally 
Meem, and the author. 

tled “Building Agreements,” was presented the author and dis- 


*See page 76. 
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cussed Messrs. Wilkins, Boring, Kennard Thomson, 

Owing the lateness the hour, written discussions Messrs. 
Norman McLure, Polleys, and Charles Higgins, were 
presented title only. 

The Assistant Secretary reported that, accordance with the 
unanimous report the Committee Recommend the Award 
Prizes, the Board Direction had awarded the prizes for the year 
ending with the month July, 1909, follows: 

The Norman Medal Waddell, Am. E., for his 
paper entitled “Nickel Steel for Bridges.” 

The Thomas Fitch Rowland Prize Wilgus, Am. 
E., for his paper entitled “The Electrification the Suburban 
Zone the New York Central and Hudson River Railroad the 
Vicinity New York City.” 

The Collingwood Prize for Juniors, Wiley, Jun. Am. 
E., for his paper entitled “The Sinking the Piers for the Grand 
Trunk Bridge, Fort William, Ontario, Canada.” 

The Assistant Secretary announced the election the following 
candidates, the Board Direction, February 1910: 


MEMBERS. 
Santo Domingo City, Santo 
Domingo. 
Grant, Lincoln, Nebr. 
Francis VALENTINE San Francisco, Cal. 
Eric Minneapolis, Minn. 
Chinwangtao, North China. 
Lorentz New York City. 
Morris, Louisville, Ky. 
New York City. 


MEMBERS. 
St. Paul, Minn. 
Byrnes New York City. 
Francis University, Dak. 
CLARENCE Huntley, Mont. 
Ross Manon, Sault Ste. Marie, Mich. 


Cristobal, Canal Zone, Panama. 
New York City. 

Twin Falls, Idaho. 

Leavenworth, Kans. 

Lawrence Patrick Greenville, 


ASSOCIATES. 


ALBERT Portland, Ore. 
Sommer, New York City. 


JUNIORS. 


Henry ACKEMANN, Springfield, 

Cananea, Sonora, Mexico. 
Epwarp Harrisburg, Pa. 

Tom Harrop, Ithaca, Mich. 
Harry Lincoln, Nebr. 

ABNER Gadsden, Ala. 

Paret, Altus, Okla. 

Jupson Oklahoma City, Okla. 

Warren Trask, Valier, Mont. 


The Assistant Secretary announced the transfer the following 
candidates the Board Direction February 1st, 1910: 


From MEMBER. 
Frank Parsons Lant, New York City. 


From MEMBER MEMBER. 


Harris Connick, San Francisco, Cal. 

Scotts Bluff, Nebr. 

Henry Scupper Savannah, Ga. 

Frank Jackson, Ga. 

Epwarp SHERMAN, Culebra, Canal Zone, Panama. 


Frep Epwarp Newton, 
Harper Duncan, Searsport, Me. 
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Gray Epwarps, Walden, 
Harry Forp, New York City. 
Kine Boston, Mass. 

Jr., Piedmont, Cal. 
Frank Ray Albany, 

Martin, Honolulu, Hawaii. 
Horace Epwarps Portland, Ore. 
CHARLES GARFIELD Mohawk, 
Frank St. Louis, Mo. 


The Assistant Secretary announced the following deaths: 


Buxton, elected Member May 6th, 1885; died January 
12th, 1910. 


elected Member November 2d, 1887; died 
January 5th, 1910. 


CAMILLE elected Member January 4th, 
1888; died January 2d, 1910. 


Member April 3d, 1901; died January 
6th, 1910. 


elected Member May 3d, 1882; died 
January 16th, 1910. 


elected Member November 18th, 1868; died 
January 19th, 1910. 


elected Member February 21st, 1872; 
died January 26th, 1910. 


elected Member May Ist, 1907; date 
death unknown. 


Adjourned. 


e 
1 

| 

4 


THE BOARD DIRECTION 
(Abstract) 


January 19th, 1910.—The Board met, required the Constitu- 
tion, the House the Society during the Annual Meeting, January 
19th, 1910, 12.40 President Bensel the chair; Chas. Warren 
Hunt, Secretary, and present, also, Messrs. Andrews, Bates, Brackett, 
Churchill, Fanning, Kimball, Knap, Loomis, Loweth, Macdonald, 
Pegram, Schneider, Stearns, Sumner, Talbot, and 
Thompson. 

The President announced the first business the Board the 
election Secretary. 

Mr. Hunt retired. 

Charles Warren Hunt was placed nomination for Secretary for 
the ensuing year. 

Nominations were closed. 

The President was directed cast ballot for all those present 
favor Charles Warren Hunt for Secretary. 

The President declared Mr. Hunt elected Secretary. 

Mr. Hunt was and resumed his duties. 

The following Standing Committees the Board were appointed: 

Finance Committee: George Pegram, Charles Churchill, 

George Kimball, Horace Loomis, William Wilkins. 

Publication Committee: Charles Harrison, Horace Andrews, 
William Belknap, Francis Lee Stuart, Emil Swensson. 

Library Committee: George Kittredge, Dexter Brackett, John 
Fanning, Chas. Warren Hunt, Hunter 

Past-President Onward Bates was appointed represent the Society 
the John Fritz Medal Board Award. 

The following report the Committee appointed Recommend 
the Award Prizes was received: 


Dee. 31, 1909. 
WARREN 
“American Society Civil Engineers, 
“220 Street, 
“New York, 

“The Committee the Society appointed the award 
prizes for the year 1909 respectfully report unanimous recommenda- 
tions follows: 

Norman recommend the award the Norman 
Medal paper No. 1103, ‘Nickel Steel for Bridges,’ 
Waddell. 

recommend the award the Rowland 
Prize paper No. 1079, ‘Electrification the Suburban Zone the 
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recommend the award the Colling- 
wood Prize paper No. 1094, ‘Sinking Piers for the Grand Trunk 
Pacific Bridge Fort William, Ontario, Canada,’ Wiley. 

“Hoping that these decisions may meet with the approval the 
membership the Society. 


“Very truly yours, 
“Chairman, 
vON GELDERN, 
The recommendations the Committee were adopted and the 
awards made accordance therewith. 


Adjourned. 


February 1910.—President Bensel the chair; Thomas 
Assistant Secretary, acting Secretary, and present, also, 
Messrs. Andrews, Belknap, Brackett, Loomis, Macdonald, Pegram, 
Roberts, Schneider, Stearns, Stuart, Thompson, Wilkins, and Williams. 

request from the San Association Members the 
American Society Civil Engineers, regard amendment its 
Constitution, providing that its Annual Meeting shall held 
December, was approved. 

Ballots for Membership were canvassed, resulting the election 
Members, Associate Members, Associates, and Juniors, the 
transfer Associate Members the grade Member, Junior 
the grade Member, and Juniors the grade Associate 
Member. 


Applications were considered, and other routine business transacted. 


Adjourned. 
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REPORT THE ANNUAL MEETING 


REPORT FULL THE FIFTY-SEVENTH ANNUAL MEETING, 


Wednesday, January 1910.—President Bates the Chair; 
Charles Warren Hunt, Secretary; and present, also, about 245 
members. 

meeting will come order. Under the Con- 
stitution the Society, the ballot for the election officers must 
kept open until twelve o’clock, noon. Ballots will received until 
that time; but, order facilitate the counting, will name 
tellers now: Messrs. Horace Howe, Carter, and Cowles; 
are those gentlemen 

might say that the tellers will find the ballots 
the third floor, and all the available people the staff ready 
help opening and counting them. 

will ask the Secretary read the Report the 
Board Direction the Society. 

The Secretary read the Report the Board Direction.* 

Tue you read the reports the Secretary 

The Secretary read his 

Tue President, might interesting call 
attention the facts shown the balance sheet. According it, 
omit the items furniture, publications hand, and value the 
library (on which might difficult realize), the actual assets 
the Society, which could turned into December 
1909, were $354 619.51. 

issued the Board Direction, May 25th, 1895, 
the time the building new house was contemplated, the available 
assets that time were stated $64 500. 

present estimated value the Society’s property believed 
extremely conservative, but nevertheless appears that less 
than fifteen years the assets the Society have been increased 
about $290 000. 

for the Treasurer’s Report. 

The Treasurer read his 

Tue there some objection, these reports will 
received and filed. The next business order the appointment 
seven members the Nominating Committee, one from each 
the geographical districts, and will ask the Secretary read the list 
suggestions from members those districts. 

Tue President, beg report the receipt 
1366 final suggestions from the Corporate Membership for members 
the Nominating Committee, 31% the total voting membership. 


*See Proceedings, Vol. XXXVI, (January, 1910). 
See Proceedings, Vol. XXXVI, (January, 1910). 
See Proceedings, Vol. XXXVI, (January, 1910). 
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Report 
Treasurer. 


Nominating 
Committee. 
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Nominating 
Committee 
(continued 


District No. the number suggestions received was 261. 
Mr. James Meem, Brooklyn, Y., has received 140 votes; Mr. 
James Brace, New York City, 64; Mr. Charles Gregory, Mt. 
Kiseo, Y., 46; Mr. Herbert Warren, New York City, and 
Messrs. Joseph O’Brien, Yonkers, Y., Parker, New York 
City, Albert Frye, Brooklyn, Y., Henry Hodge, New York 
City, and George Low, Maplewood, J., one vote each. 

motion, duly seconded, James Meem, Am. Soc. was 
appointed member the Nominating Committee for District No. 

Tue District No. 129 suggestions have been 
received, follows: Mr. Worcester, Boston, Mass., 78; Mr. 
Leonard Metcalf, Boston, Mass., 16; Mr. Harrison Eddy, Boston, 
Mass., 15; Mr. Fay, Boston, Mass., 12; Mr. Miller, 
Boston, Mass., and George Swain,* Boston, Mass., 

motion, duly seconded, Worcester, Am. Soe. E., 
was appointed the Nominating Committee for the 

Tue District No. 244 votes have been re- 
ceived, follows: Mr. Henry Allen, Syracuse, Y., 94; Mr. 
Charles Tilden, Ann Arbor, Mich., 71; Mr. Hogeland, St. 
Paul, Minn., 18; Mr. Crandall, 15; Mr. 
Haskell, Y., 10; Mr. Henry Holgate, Montreal, Que., 
Canada, 10; Mr. Turner, Minneapolis, Minn., Mr. George 
Wilson, Minneapolis, Minn., Mr. Charles Stowell, Albany, 
Winnipeg, Man., Canada, Louis Knapp, Buffalo, Y., 
and William Landreth, Schenectady, Y., 

Both Messrs. Henry Allen and Charles Tilden were duly 
nominated, and rising vote was taken, resulting votes for Mr. 
Allen, and votes for Mr. Tilden. 

The President declared Henry Allen, Am. Soe. 
member the Nominating Committee representing District No. 

Tue total number votes received from District 
No. was 255, follows: Mr. Greiner, Baltimore, Md., 140; 
Mr. Humphrey, Philadelphia, Pa., 96; Mr. Rose, 
Pa., 15; Mr. Alexander Mackenzie, Washington, C., Mr. James 
Harlow, Darlington, Md., Mr. Quick, Baltimore, Md., 
and Mr. Wilson, Washington, C., 

was appointed member the Nominating Committee for the Fourth 
District. 

Tue District No. 165 votes have been re- 
ceived, follows: Mr. Isham Randolph, Chicago, 120; Mr. 
Osborn, Cleveland, Ohio, 26; Mr. Bremner, Chicago, 18; 


Mr. William Hughes, Chicago, 
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motion, duly seconded, Isham Randolph, Am. Soe. E., 
was elected member the Nominating Committee for District 
No. 

Tue District No. 121 votes have been re- 
ceived, follows: Mr. Richard Montfort, Louisville, Ky., 43; Mr. 
Marshall, Vicksburg, Miss., 37; Mr. Hall, Parkersburg, 
Va., 26; Mr. Norcross, Atlanta, Ga., Mr. Coleman, 
New Orleans, La., Mr. William Balch, Santo Domingo, 
Mr. Courtenay, Louisville, Ky., Mr. Dabney, Clarkes- 
dale, Miss., Mr. Corry, Lima, Peru, Mr. Julian Kendrick, 
Birmingham, Ala., Mr. Knoch, Fayetteville, Ark., Mr. 

motion, duly seconded, Richard Montfort, Am. Soe. 
was elected member the Nominating Committee for the Sixth 
District. 

Tue total number votes from District No. 
was 191, follows: Mr. Thompson, Seattle, Wash., 80; Mr. 
Galloway, San Cal., 68; Mr. Fowler, Seattle, 
Wash., 29; Mr. Henny, Portland, Ore., Mr. Campbell, 
Paso, Tex., Mr. Frank French, Salt Lake City, Utah, Mr. 
Jayeox, Denver, Colo., Mr. Los Angeles, 
Cal., Mr. Denver, Colo., Mr. Marx, Palo 
Alto, Cal., Mr. Ross, Oakland, Cal., Mr. Edwin Hall 
Warner, Los Angeles, Cal., Mr. Frank Washburn,* Nashville, Tenn., 
Mr. John Whistler, Portland, Ore., Mr. Louis Hill, 
Ariz., and Luther Wagoner, San Francisco, Cal., 

was elected member the Nominating Committee for District No. 

will now hear the report the Special Com- 
mittee Steel Columns and Struts, which Mr. Bowman 
Chairman. 

Austin Bowman, Am. Soc. President, the report 
this Committee was published the December, 1909, Proceedings, 
and will request the Secretary read it, will. 

The Secretary read the Report the Special Committee Steel 
Columns and Struts.t 

Tue have heard this report, gentlemen. 
open for discussion. 

Tue President, have brief written communi- 
this subject from member this Society discussion 
this report. 


Tue you please read it, Mr. Secretary 


Ineligible. 
See Proceedings, Vol. 519 (December, 1909). 
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REPORT THE ANNUAL MEETING [Society 
DISCUSSION THE PROGRESS REPORT THE SPECIAL 
COMMITTEE STEEL COLUMNS AND STRUTS. 


“Tn this Progress Report the Committee has brought together many 
column tests recorded heretofore, and has sought prepare the way 
for further study and analysis adjusting the results uniform 
grade metal, for which they have chosen that grade which has 
ultimate tensile strength 60000 per sq. in. For this purpose 
they assume that the ultimate strengths different grades metal 
tension and compression are proportional. 

not the intention the writer criticize the latter assump- 
tion, but offer objection the manner its application. 

“The Committee has apparently lost sight the fact that the 
stresses column are combination compression and bending, and 


that, the length ratio increases, the bending stresses become 


more and more dominant, until last the compression disappears, 
and the column passes under the law represented Euler’s equa- 

tion, 


“The only physical properties embraced this equation are, the 
tactor, representing the form end bearing, and the modulus 
elasticity, factor which practically constant for all grades 
iron and steel. The variations this factor, found for different 
grades steel, are not greater than are frequently found for dif- 
ferent specimens the same steel. 

“This fact being recognized, follows that, within the field the 
higher length ratios, where Euler’s equation applies, all grades steel, 
ceteris paribus, give similar results; and the field the shorter 
length ratios the different grades metal give results converging 
with increasing length ratios. 

“Now, the Committee has applied the ratio, found stated, all 


tests the respective groups, regardless the value each 
instance; but that ratio applicable only the axis abscissas 
and the adjustment should diminish that value where 


Euler’s equation begins apply. Hence, the method adopted the 
Committee will misleading and deceptive applying unduly large 


adjustments tests with the larger values 


“The value will vary with the form end bearing, and 


the grade material, and indeterminate this stage the Com- 
mittee’s work, unless they assume correct, either the equation 
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heretofore proposed the writer, that the late Johnson, 
Am. Soe. E., perhaps some other; but, the intention 
that the work this Committee shall wholly independent pre- 
vious investigations and studies, such assumption scarcely order. 

“But the fact that the correction for adjustment must diminish 


avoided, and any conclusions based the uniformly applied ratios 
adjustment will vitiated thereby. 
seems best call attention this point now before the work 
the Committee has progressed the point definite conclusions. 


report the Committee, pointed out that the objection tests 
large sizes the cost. would like make suggestion regard 
that. know one building, which has only been erected about 
twelve years, which will torn down, and there are great many 
others which have been found too small for the value their sites, 
and have been torn down. The material those buildings just 
good for tests now would have been when they were built, and 
the loss value caused the test very little. such columns 
always represent special construction and special design, they have 
only values, and are almost good after the test before. 
just call the attention the Committee that fact; perhaps may 
help their tests along. 

any other discussion this report? 
What will this meeting with the Progress Report? 

JAMES Owen, Am. Soc. E.—I move that referred back 
the Committee, and the Committee continued. 

Tue the motion seconded 

Secretary would like know what 
with the report,.as far the printing concerned. The report not 
complete printed the Proceedings, there being one diagram which 
was not available the time the report was printed. 

Mr. motion would that. 

Mr. Owen’s motion seconded 

Motion duly seconded. 

Presipent.—It moved and seconded that the Report the 
Special Committee Steel Columns and Struts printed the 
Transactions, and referred back the Committee, and the Committee 
continued. Any discussion 


accepted report that printed, and the Committee 
continued, 
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Mr. Owen.—I will accept that. 

have heard the motion, gentlemen: will 
call for the amendment first. 

Mr. will accept the amendment. 

Tue Presipent.—The amendment accepted. All those favor 
the motion, which that the report the Committee accepted 
and printed, and the Committee continued, will signify saying 
“aye”; contrary, “no.” The motion 

The Report the Special Committee Bituminous Materials for 
Road Construction. 

Committee. 

Tue Mr. Crosby present 

the absence Mr. Crosby, the Secretary read the Report 
the Special Committee Bituminous Materials for Road Con- 
struction.* 

Tue there any discussion this What will 
you with it? 

Am. Soc. E.—I move that the report received 
and printed, and the Committee continued. 

Mr. second the motion. 

Tue discussion? All those favor the motion, 
which that the report received and printed the 
and the Committee continued, will signify saying con- 
trary, “no.” The motion 

will ask the Secretary read the Report the 
Special Committee Rail Sections. 


Tue President, the Secretary has received the 
following report: 


PROGRESS REPORT 
SPECIAL COMMITTEE RAIL SECTIONS. 


30TH, 1909. 


GENTLEMEN order refresh the memory the members 
the Society, your Special Committee begs recapitulate the instruc- 
tions under which was appointed 1902. 

report upon the results obtained the use rails the sec- 
tions presented the Society Annual Convention, August 2d, 1893, 
special committee appointed for that purpose; 

report whether any modification any said sections 
advisable, and, so, such modification; 


See Proceedings, Vol, 517 (December, 1909). 
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report upon the recognized practice chemical composi- 
tion and mechanical treatment ‘used the manufacture rails, and 
the manner inspection the same; 

report upon the advisability the establishment form 
specification covering the manufacture and inspection rails; 

found advisable, form specification for the 
manufacture and inspection rails. 

The work rail sections and specifications progressing the 
lines laid down our report December 18th, 1908. The work 
the Committee during the past year has been chiefly confined keep- 
ing touch with the railroads and the other engineering associations, 
and the Government tests. The general use the cardinal princi- 
ples submitted your Committee’s report December 6th, 1907, still 
continues stated last year’s report. 

During the past year standard drop testing machine has been 
adopted which results uniform practice all the mills, and 
great value giving information aid the Committees their 
study and analysis rail failures. 

The collection data and statistics rail failures rail 
wear the various railroads, now generally being made uniform 
blanks recommended the American Railway Engineering and Main- 
tenance Way Association, and affording valuable information 
with regard the respective merits the several rail sections and 
specifications now use. These blanks, however, have not been 
use long enough give sufficient data warrant your Committee 
making final report this time, either the adoption 
series rail sections for all railroads the United States for 
the chemical composition mechanical treatment rails; and 
would therefore ask that this accepted progress report, and the 
Committee continued, order that may make further study 
continuing the investigations the manufacture rails and their 
use under the actual conditions traffic. 

Respectfully submitted, 
Jos. Chairman, 
Hunt, Secretary, 
Joun Isaacs, 
JR., 
Turner, 
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Tue there any discussion this Report the 
Special Committee Rail Sections? What shall done with the 
report 

was duly moved and seconded that the report accepted. 

Tue moved and seconded that the Report the 
Special Committee Rail Sections accepted. Any discussion? 
All those favor the motion will signify saying “aye”; con- 
trary, “no.” The motion carried. 

Report the Special Committee Engi- 
neering Education. 

Progress Report that Committee, Mr. President, but, before reading 
it, would like say word these annual reports, not 
out order. 

Presipent.—We will pleased hear you. 

Mr. common with some other men whom see 
this floor, have completed forty-second year service the 
Profession, and perhaps may allowed say word how 
some these reports struck when was sitting here this morning. 
will take but moment. 

may have all the time you want, sir. 

Mr. remember very well, when thought, 
Society, that had extravagant house the old house Twenty- 
third Street, and the question was whether not could ever run it, 
Society. Then came into this sumptuous hall, and wondered 
whether could ever run this. To-day you have heard our large 
surplus, which very gratifying. There doubt that the Society 
getting rich, but that brings danger with it. Sometimes, you know, 
man who stands temptation very well poverty, does not stand 
well when falls into fortune. 

think the great thing that have proud of, Society, 
the wonderful advance the Profession itself, and the character 
the papers which have been presented the last few years. That 
has impressed itself very deeply mind. 

remember when the Norman Medal was awarded, twenty 
thirty years ago, for papers that were read before the Society; they 
were considered wonders, and the question was whether the 
Society would ever again see such Well, the papers that 
have had recently, which have received the Norman Medal and the 
Thomas Fitch Rowland Prize, leave question general ad- 
vance all along the line. The Profession holding its own and going 
ahead. for one old fogy, absolutely satisfied. 

Now, for this Progress Report: 
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REPORT THE SPECIAL COMMITTEE ENGINEERING 
EDUCATION. 


The Committee Engineering Education has continued its studies 
and investigations connection with this important subject during 
the past year and desires report the following progress: 

already reported, your Committee has worked connection 
with, and forming part of, the larger Committee members, 
representing business colleges and societies. 

desirable before deciding what direction Engineering Educa- 
tion can improved ascertain first what being done the 
various educational centers the United States the direction 
technical instruction. After long conferences was decided make 
beginning with the subject Electrical Engineering, this course 
could some ways more clearly defined than many the other 
divisions the profession. 

All the studies were grouped under seven general heads, follows: 

Physics and Chemistry, 

Drawing, 

Shopwork, 

General Engineering, 
Electrical Engineering. 

Each these groups contained from studies. Through 
the kindness the Carnegie Foundation, very extensive set 
tables was prepared representing the work colleges and techno- 
logical schools. tables have been analyzed and the semester 
hours each half year the four years devoted these studies 
have been classified the case some the principal engineering 
institutions. The Carnegie Foundation has agreed continue the 
work the direction Civil and Mechanical Engineering, taught 
institutions. Tables are now process preparation for these 
courses, and, when ready, the Carnegie Foundation collect the 
data from the institutions selected. 

hoped that, when this information obtained and analyzed, 
the first step the Committee’s work will far advanced 
indicate possibility valuable results. 

Harrop, 
CHARLES HANSEL. 


tion Education attracting very wide interest, but there are many 


. 
| 
q 
7 
q 
4 
sti 


Report 
Special 
Committee 
Engineering 
Education 


Report 
Special 
Committee 
Uniform 
Tests 


REPORT THE ANNUAL MEETING [Society 


cranks this world; they are necessary, and good thing, and believe 
them, but the number theoties regard the revolutions that can 
made Engineering Education wonderful. Many the sugges- 
tions are great value; for instance, the end the first year 
technical school better for student leave and into actual 
practical work for one year, has been suggested very prominent 
member the Profession, and then back and finish his other three 
years, better work more along the technical line, rather 
than the practical, better increase the humanistic 

all these things are very interesting, but will take long 
time find out whether can really suggest any improvement 
the present methods. think the thing that started do, find 
out first what the technical schools are actually doing this country, 
what they are teaching, and then what the average is, very valuable 
first step. 

Now, has required about two years take this first step. 
have been year collecting these tables, which are voluminous. 
would like have any gentleman here who thinks has really 
suggestion for improving Engineering 
paper and send the Committee that may have many 
ideas possible when come work out the theoretical part; but 
very dangerous thing for any body men recom- 
mend improving the present methods unless the recom- 
mendations are based pretty solid foundations. 

Tue there any discussion this Report the 
Special Committee Engineering Education? What shall done 
with it? 

Progress Report, and the Committee continued. 

Motion duly 

Tue discussion this motion? those 
favor the motion will signify saying “aye”; contrary, “no.” 
The motion 

Report the Special Committee Uniform Tests Cement. 

Am. Soc. E.—The report was sent 

Tue the kindly read it? 

The Secretary read the report, follows: 


PROGRESS REPORT SPECIAL COMMITTEE UNIFORM 
TESTS CEMENT. 
THE AND MEMBERS THE 
Your Special Committee Uniform Tests Cement begs 
report that during the year has arranged with the Ottawa Silica 
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Company Ottawa, Illinois, for the preparation and delivery 
Standard Ottawa Sand the price $0.02 per pound, cars 
Ottawa, Ill. This Company now has hand ample stock 
sand for promptly filling all orders. 

The Committee has under consideration with the Engineer Com- 
mission the United States Army certain suggested modifications 
the uniform methods tests, and asks continued. 

Respectfully submitted behalf the Committee. 


Wesster, Chairman, 
Tue there any this Report 
Past-Presipent, Am. Soc. E.—Mr. Chairman, 
not fully accord with the conclusions the Committee, and 


will hand the Minority Report, which will ask him 
read. 


The Secretary read the Minority Report, follows: 


MINORITY REPORT. 


The undersigned, member the Special Committee Uniform 
Tests Cement, begs leave submit the following minority 
report: 

The first report the Committee, embracing rules and methods 
suggested for testing cement, was submitted the Society Jan. 21st, 
1903. From time time these rules have been amended minor 
respects, the last changes having been reported the Annual Meet- 
ing held Jan. 20th, 1909. 

These amendments merely perfect the methods proposed seven years 
ago, without changing them any important degree. 

From year year the Committee has reported that various topics 
were under examination and study, and has asked for further time. 
Eight were referred the progress report the Annual 
Meeting held Jan. 20th, 1904. year later the Committee stated 
that “the investigations now progress have not advanced sufficiently 
present final report this time and asks therefore that 
continued.” This was also the condition, and the recommendation 
submitted the Society year later. the Annual Meeting held 
Jan. 16th, 1907, few changes the rules for testing, which ex- 
perience had shown advisable, were reported. later, 
Jan. 15th, 1908, several slight changes phraseology were reported, 
and five new topics were formulated, taken during the year. 
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the Annual Meeting Jan. 20th, 1909, revised edition 
the rules was submitted, and the five topics mentioned the year before 
were again referred under investigation. 

During the period before 1903, when the methods reported the An- 
nual Meeting that year were under study, the Committee held fre- 
quent meetings, the methods were carefully tested all nearly all 
the members, and agreement reached all important respects. The 
work done consisted mainly bringing the matter Cement Test- 
ing date. Some the details needed further trial, and final 
report that time would have been premature. 

During the last seven years some doubtful points have been cleared 
up, and believed the methods are now workable every respect. 
Meetings the Committee have become less frequent, and during the 
last three four years have occurred only once twice year. This 
has not been from want interest the subject, but simply because 
there was need for more. 

Since the formulation its first report the Committee has under- 
taken two distinct lines work. The first was the perfecting the 
rules that the methods might represent the best state 
the art testing the time; the undersigned believes this has been 
accomplished. second line work has been the advancing 
the art testing continuous investigation; the undersigned sub- 
mits the record showing that the results have not been successful. 
should not expected that Committee composed members 
located points widely distant from each other can efficient for 
investigations. Such work requires the concentrated attention in- 
dividuals with properly equipped laboratories their disposal, and 
substantial advance methods will require years time because 
cement mortars require long time mature and large number 
tests justify conclusions. 

There can doubt that from time time better methods 
for testing will developed; the undersigned believes, however, that 
the function such Committee the present one fully performed 
when the subject assigned brought fully date, and 
that the Committee should now make such slight changes 
the rules eliminate expressions implying indefinite continuance, 
and submit the result final report the earliest date practicable. 


have Majority and Minority Reports this 
Committee. 

Mr. Chairman, would like say that there 
feeling the part the Committee that the remarks Mr. Noble 
are quite correct, and think fair say that great many 
feel that the Committee should discharged, but there has also been 
feeling that might finish its work and make more complete, and 
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while true that the Committee has not been able make 
definite progress from year year would seem desirable, 
nevertheless, fact that the conditions under which the Com- 
mittee worked were rather difficult. 
certainly the intention the Committee recommend that 
discharged early date, and think the feeling the 
Committee that the next Annual Meeting the Committee could 
properly present its final report. think that all that Mr. Noble has 
said quite true, and would move, Mr. President, that the Com- 
mittee continued for the present. 
well have these reports printed 
will printed connection with this 
meeting, report full. 
Mr. seems some difference opinion 
what the proceeding should reference this Committee. 
seems generally agreed that final report might proper, 
time for the next Annual Meeting, and there seems desire that 
should prepared and submitted that time. 
wish offer amendment the motion, the effect that the 
Committee continued and directed render final report the 
next Annual Meeting. 
Mr. accept that amendment, Mr. President. 
Presipent.—The amendment accepted. Therefore the 
motion that the continued and directed make 
final report the next Annual Meeting. Any discussion this 
motion? All those favor will signify saying “aye”; con- 
trary, “no.” The motion carried. 
The Report the Special Committee the Status the Metric Report 
System. 
Mr. Molitor read the Report the Special Committee the 
Status the Metric System, follows: 


REPORT SPECIAL COMMITTEE THE METRIC SYSTEM. 


THE OFFICERS AND MEMBERS THE 
American Society ENGINEERS: 


Your Committee has been continued during the past year meet 
any questions that might arise, and give proper and respectful atten- 
tion such relevant information might presented for con- 
sideration. 

the present time the only questions and data that have been 
received are two-fold: 

Those relating the unceasing debate the merits and 
demerits the System. 
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And those relating its extended applications appearing here 
and there among the signs marking the progress the times. 

The question merit does not seem properly come within the 
jurisdiction the duties assigned your Committee, which was 
appointed merely collect data and present report the “present 
status the Metric System the United States.” 

The matter status was discussed report submitted the 
Society over year ago, which your Committee again invites 
special attention, believing that this report still represents the status 
the subject. See Proceedings October, 1908. 

There little added that report except note slight 
gain favor the Metric System, while most the antagonism 
seems resolve itself into exposition ignorance and lack 
appreciation for anything which savors dependent 
entirely commercial conditions. 

Your Committee believes that all obtainable co-operation should 
solicited further and promote education the lowest grades 
all schools; and that its first report should sent 
each member Congress and the State Legislature with 
letter circular calling attention the limited opportunity exist- 
ing this country for the generation learn the Metric 
System weights and measures. 

There appearing immediate need for any further reports 


the question status, your Committee respectfully requests that 
discharged. 


JAN. 13, 1910. 


Stacy Jr., Chairman. 


there any this Report the 
Special Committee the Metric System 

that there definite motion before the meeting connection with 
this report, the effect that this Society shall memorialize Congress 
and the State Legislature the subject? That the impression that 
gather from the report. 

Tue will ask Mr. Molitor answer that. 

Mr. think the intention the report merely 
let the Society take such action sees fit. merely recommend 
that copies that report sent the Congressmen and also the 
members the State Legislature. 

Tue shall done with this report? 

Mr. President, was not our Society that 
one night changed the whole standard time the 

Tue one night. 
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Mr. was under the impression that the Committee 
that had that subject made that recommendation, and one 
morning woke and found that had set our watches back 
set them forward, the case might be. 

seems that might suggest Congress introduce the 
system this country, and make report that effect this 
Society, and not send partial report the members the New York 
State Legislature all. 

Mr. FitzGerald’s remarks embolden state what 
was mind. Some ten years ago, when there happened 
committee Congress which this matter the system was 
referred, was member committee, appointed the Washing- 
ton Academy Sciences, consider the adoption the 
system the United States, and appear before the committee; and 
must acknowledge that the experience then gained the presence 
friendly committee was such that would make feel rather 
alert case any such suggestion should arise from this’ Society 
induce the Congress the United States the adoption 
the metric system the United States one day, think 
tried regard standard time. 

not believe that this Society position take any very 
definite steps toward presenting this Congress, friendly 
the adoption the system the United States. 

rectly informed, the Committee the Institute Electrical Engi- 
neers has recently decided recommend that, the publications 
the Institute, wherever figures are used, the corresponding metric 
figures should also expressed parentheses. have felt, regard 
the metrie system, exactly Mr. Wilson has expressed himself. 
felt that was not wise try push faster than would naturally 
grow, but the idea does seem good one, and least worthy 
some consideration, whether would well for us, our Pro- 
ceedings, endeavor help popular understanding the metric 
system adding figures where usual figures are used. 
not want make motion that effect, but should like have 
somebody the matter from that point view. 

Mr. President, understand there rule this 
Society that all drawings attached papers must supplied with the 
metric seale, addition the ordinary correct? 

Tue sir. 

Mr. guess have confused with the requirement 
the Association Engineering Societies. know they require 
there, and thought was the same with our publications. However— 
return the report—it not the intention the Committee 
force the metric system upon anybody, and the report was simply 


4 
7 
7 
q 
on 
7 
7 
q 
q 
q 


Report 
Special 
Committee 
the 
System 
(continued). 


REPORT THE ANNUAL MEETING [Society 


review the present status the case, and the present report was 
simply advocate the promulgation that report, with the end 
view that the people the United States might have some better 
facilities become familiar with what mean the metric system. 

There gross ignorance the average American assembly regard- 
ing this very important subject, and matter for public education. 
wish see any progress the direction introducing the 
system, must come gradual and your Committee has 
realized that fact, and for that reason ask simply that the report 
sent the members Congress for their information, and only 
advocate that report such measures might lead spreading 
the educational features for the benefit the community large. 

Mr. O’Rourke.—Mr. Chairman, very much favor educa- 
tion every kind. see reason why should not educate the 
people the United States the metric system, particularly Con- 
gress. have one Congressman here, who very modest times 
that refuses commit himself, even that subject, and request 
that Major Wiley tell what thinks about the knowledge 
Congressmen the metric system. 

Am. Soc. E.—Of course, you can send the 
arguments, pro and con, Congress. not like back 
own party, but will say that nine out ten will not read them, and 
nine and three-quarters will not understand them. 

When the matier came before the Congressional Committee, 
Mr. Wilson has reported to-day, and the facts show, the arguments 
went along for several days. Prominent engineers from all over the 
country went before the Committee. The Committee decided that 
could not adopted. not think the Society should waste its 
money sending the reports forth, for think they would 
avail. 

Mr. entirely dropping this subject, because 
interesting one me, and think the members this Society, and 
for their guidance connection with the feature the subject raised 
Professor Swain, namely the adoption this Society the scale 
measures, think that the time which spoke, the occasion 
when the Geological Survey, connection with its topographic maps, 
which several thousand separate sheets are now published, decided 
that, the same direction—for educational purposes 
European countries were familiar with the metric system—it was 
desirable that the scales expressed also the metric system. That 
has been done for many years now. 

More recently, connection with the meeting technical 
mittee, the general supply committee prepared specifications for the 
purchase all sorts things, from needle locomotive, that 
committee being charged with the duty the character 
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the tests made with regard such materials require tests, 
this question the metric system came again, and, few months 
ago, was agreed that should endeavor introduce metric meas- 
ures certain the specifications. 

Our enthusiasm, however, was gradually dampened, came 
contact with one bureau chief after another, until ultimately found 
that practically the only thing that could accomplished was 
inclusion metric weights and measures connection’ with the 
development certain lines chemicals for the use various 
bureaus which have with the supervision the Pure Food and 
Pure Drugs Act; and there found that could not call for samples 
delivered metric measures, because the various products are all 
English measures, therefore, could only ask for separate list 
accompany the bids. 

shall done with this Report? 

Mr. move that the Report the Committee accepted 
and the Committee discharged. That does not mean that copies the 
Report shall sent anybody. 

Curtis, Am. Soc. E.—I move that the Report ac- 
cepted with the exception that part that requires the Society send 
notices Congress and the Legislature the State; with that ex- 
ception, move that accepted and the Committee discharged. 

Tue amendment Professor Swain’s 
motion. 

Motion duly seconded. 

Mr. President, the first motion was accept this 
Report and discharge the Committee. covers all the pur- 
pose. There nothing that Report, beyond the 
Committee, binding this Society take any action; fact, any such 
action that Report would illegal and improper 
unless were definitely moved and decided this meeting take the 
action recommended the Committee. 

seems that the amendment least unnecessary. 

Mr. understand it, Mr. President, that Report 
includes itself part the Report. only recommends, and the 
Society can only what likes, all right, but you accept the 
Report whole, understand that the Society practically obliged 
send out this Report. wrong—— 

Mr. mind there distinct difference between 
accepting report and adopting the recommendation report. 
accept report simply receive it, and say the committee has 
done the duty entrusted it. That end it. adopt the 
recommendations the report, that requires different motion. 
motion was that the Report the Committee accepted and placed 
file and the Committee discharged. 
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Tue thought that Professor Swain’s motion was 
seconded. correct? Your motion was seconded 

Mr. believe Stearns seconded it. 

Tue question then would the amendment. 

Mr. that covers it, withdraw amendment 
the original motion. that entirely satisfactory the Society. 
not wish make any change, but want make definite that 
are not any way required send out any copies this report. 

these remarks will printed the Pro- 
ceedings, and not think they could send them after that. 

Tue the question Professor Swain’s motion 
that the Report the Committee accepted and the Committee dis- 
charged—are you ready for the question? Those favor the 
motion will signify saying “aye”; contrary, “no.” The motion 

have received the following letter: 


“Sr. Missourt, 12, 1910. 


“220 
“New 
“GENTLEMEN: 


“The members the American Society Civil Engineers, resid- 
ing St. Louis and vicinity, while greatly desiring participate 
the Annual Meetings held the Society House, are rule 
unable attend them. 

“We have, therefore, inaugurated the plan holding annual 
dinner St. Louis, the same time one the entertainments 
Headquarters, thereby enabling feel that are partaking 
slight measure the benefits and pleasures the Annual Meeting. 

“Our second annual dinner will given Thursday evening, Jan- 
uary 20, 1910. 

“Owing the large attendance last year’s dinner and the gen- 
eral satisfaction expressed, expect the attendance this year in- 
practically all local members and such visiting members may 
St. Louis the time. 

“We desire send our greetings the membership present the 
Annual Meeting, express our regrets that can not all meet with 
you assure you our interest and co-operation any measures 
for the benefit the Society. 

“Yours truly, 


“Committee for Local Association.” 
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shall done with this letter from the 
members St. Louis? 

accepted and placed file. 

not think there was any second the 
motion. 

Lewis, Am. Soc. move that the Secretary 


instructed send congratulations the St. Louis members and thank 
them for their letter appreciation. 

Motion duly seconded. 

have heard the motion. Are you ready for 
the question? All those favor will signify saying con- 
trary, “no.” Carried unanimously. 

President, understand that will 
very soon through with the canvass the ballot, and order 
fill out the time properly will say something about the programme. 

the special request Mr. George Gibbs, the Pennsylvania 
Tunnel and Terminal Railroad Company, the members the Society 
who wish inspect the Terminal this afternoon are requested 
the ground promptly 2.30. Mr. Gibbs says there great deal 
see there. They have walk, think, some four five miles 
anyhow, and wants get the parties off promptly, and the hour 
2.30, and the place the main entrance the new station, Seventh 
Avenue and 32d Street. 

think all members who have asked for tickets the Ashokan 
Reservoir excursion to-morrow have also received notice the 
change schedule the train. The party will leave New York, 


West 42d Street, 8.25 the morning, instead 8.45, stated 
the programme. 


The West Shore Railroad has moved its down-town ferry from 


Street Desbrosses Street, and those who want via 
Desbrosses have leave there 8.05. The train will 
leave Weehawken 8.40, reaching Newburg 8.58, and Kingston 
10.45. 

think there further change, Mr. President, the pro- 
gramme for the meeting. 

Concrete, which came yesterday, and have not heard read. 

Tue beg your pardon, skipped it. 

Tue will call for the report the Committee 
Concrete. 

Mr. also was sent the Secretary. 

Tue have very few minutes left the meeting, 
and please not make disturbance the rear the hall. 

The Secretary read the Report, follows: 


Announce- 
ments 
regarding 
Programme. 


Report 
Special 
Committee 
Concrete 
and Reinforced 
Concrete. 
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REPORT SPECIAL COMMITTEE CONCRETE AND 
REINFORCED CONCRETE. 
THE PRESIDENT AND MEMBERS THE 

Your Special Committee Concrete and Reinforced Concrete 
records with the deepest regret the death our fellow member, Mr. 
Julius Schaub. Mr. Schaub’s experience designing engineer 
reinforced concrete well structural steel rendered him 
particularly desirable member, and one whose loss will greatly 
felt. 

Your Committee begs state that the Progress Report which 
was presented the last Annual Meeting came for consideration 
the Annual Convention, and was approved that convention for 
publication the Transactions the Society, together with such 
discussion might received from time time. 

Thus far, your Committee has not received any constructive criti- 
cism the Report submitted. 

Your Committee not prepared present final report this 
time, and asks continued. 

Respectfully submitted behalf the Committee. 

Chairman, 
Secretary. 


Tue Presipent.—What shall done with this Report? 

was duly moved and seconded that the Report accepted and 
the Committee continued. 

THe you ready for the question? All those 
favor the Report being accepted and the Special Committee 
Reinforced continued signify saying “aye”; contrary, 
The motion carried. 

President, this Report, you will notice, states 
that, the direction the Annual Convention, this Report shall 
this has not been out. should like say, explanation, 
that the received that Report were forwarded 
the Chairman that Committee, and was requested formulate 
reply from the Committee, and the request the Chairman 
the Committee publication has been withheld. understand they 
will now published. 

Tue Presipent.—I wish say, gentlemen, that there will 
meeting the Board Direction immediately following the adjourn- 
ment the meeting this Society, and the first importance 
that all new members the Board Direction shall attend this 
meeting for organization—all old members well—and hope they 
will bear this mind, because the meeting will take only short time, 
but very important that they should present. 
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informed that the tellers will ready 
about five minutes, and suggest that, accordance with the custom, 
recess taken until the report comes here. 

duly moved and seconded take recess. 

those favor the motion take recess 
for five minutes will say “aye”; contrary, “no.” The motion carried. 

After recess: 

meeting will come order receive the 
report the tellers, who have counted the ballots for officers. The 
Secretary will please read the report. 

Tellers, Messrs. Horace Howe, William 
Carter, and Luzerne Cowles, report follows: 


Defective: Without signature ............... 
Not entitled vote .............. 
For President: 


For Vice-Presidents: 


For Treasurer: 
For Directors: 
1181 


Presipent.—Gentlemen, hereby declare the gentlemen whose 
names are mentioned the highest the list formally elected 
the offices named. will appoint Mr. Macdonald and Mr. Stearns 
conduct the new President the platform. You will find him back 
there. 

Mr. Bensel, with great pleasure, sir, that tender you the 
symbol office, the highest office and the greatest honor that the 
Society can show you. 


Recess. 


Ballot for 
Officers. 


Officers 
Elected. 
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There one extremely pleasant feature about election office 
this Society, that is, man might look over the members and realize 
that every member, with the exception very few, and those are not 
discovered, his own constituent, and every member can look the 
officer elected and realize that pleasant feeling that his own man has 
been elected, with all that that implies. 

feel fully the honor which has been conferred, and yet will not 
try speak much that vein, for fear being considered 
ical. am, however, fully aware the position trust and responsi- 
bility that belongs this office, and hope able promote 
certain actions the Society lead along new lines activity 
for the benefit the profession whole, and for the individual 
membership. 

have come, think, change condition regard the 
position the engineer before the public, and along those lines 
that think the Society should move, with all the resources and powers 
which commands, the future. 

Certainly, have progressed most marvelously the past few 
years. The membership has nearly doubled seven years, with 
resources the way house and long purse, 
untrammelled with any made with other societies, that 
are foot free operate for the benefit the profession and for 
the members individually. 

express more fully the feeling which have, except that, 
independent the fact that the world seems have moved fast 
and under such changing conditions make impossible for 
man state now that going his duty, but must able 
thinking man look into the conditions that confront 
us, and try every way see that the engineer takes that position 
before the that his training and his very nature not only entitles 
him to, but matter patriotism has got take order 
guide the world benefit along the lines its development. 

thank you. 

duly moved and seconded. 

Tue duly moved and seconded that now 


Adjourned. 
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EXCURSIONS AND ENTERTAINMENTS THE FIFTY-SEVENTH 
ANNUAL MEETING. 


Wednesday, January 19th, 1910.—The business meeting adjourned 
Soe. E., Chief Engineer Electric Traction and Terminal Station 
Construction the Pennsylvania Tunnel and Terminal Railroad 
Company, the members assembled the main entrance the new 
Pennsylvania Railroad Station, Seventh Avenue and Thirty-second 
Street, where they were received Mr. Gibbs and representatives 
the Company, and conducted groups through all portions the 
Station, the Service Building, the Terminal Yard, and were thus 
afforded opportunity inspect this great work. 

there was Reception, with dancing, the Society 
House, which the attendance was about 450. 


Thursday, January 20th, 1910.—At the last Annual Meeting there 
was all-day Excursion the Ashokan Reservoir, and was 
interesting and enjoyable that the invitation the Board Water 
Supply for second visit was accepted gladly. The party left 
Weehawken 8.40 special train, and the journey Brown 
Station was made over the West Shore and Ulster and Delaware Rail- 
roads, stops being made Newburgh and Kingston. Olive Bridge 
Dam and the dikes the Ashokan Reservoir were inspected, and also 
the Contractor’s plant, many those who visited the Reservoir the 
last Annual Meeting being thus enabled note the progress made 
during the year the various works. 

Lunch was served the contractor’s camp, invitation Messrs. 
MacArthur Bros. Co., and Winston and Co. 

The train returning left Olive Bridge Dam and the party 

the evening, the Society House, Walter McCulloh, Am. 
Soe. E., Consulting Engineer, State Water Supply Commission 
New York, addressed the Society “The Conservation Water 
Resources the State New York,” illustrating his remarks with 
lantern slides. This was followed social and informal smoker, 
which there was attendance about 700. 

The following list contains the names 827 members various 
grades, who registered being attendance the Annual Meeting. 
The list incomplete, many members failed register, and does 
not contain the names any the guests the Society 
individual members. The number guests estimated 400. 


Ackerman, W..Auburn, Alderson, B., 

Aiken, A....Philadelphia, Pa. Alexander, J..Brooklyn, 
Aikenhead, R..New York City Allen, Y..South Orange, 


q 
4 
| 


REPORT THE ANNUAL MEETING 


Allen, Kenneth..New York City 
Alsberg, Julius..New York City 
Andrews, Horace..Albany, 
Archbald, Pa. 
Armstrong, W..New York City 
Atwood, .Indianapolis, Ind. 
Auryansen, F.....Jamaica, 


S..New York City 
New York City 
Baker, W.....New York City 
Baker, Ira O..... Champaign, 
Baker, S....Philadelphia, Pa. 
Baldwin, W....Boston, Mass. 
Barker, Philadelphia, Pa. 
Barker, James M..Elmira, 
Barnes, G..... Albany, 
Barney, C....New York City 
Barrett, E....New York City 
Basinger, York City 
Bates, Onward......Chicago, 
Beekman, V., Mass. 
Belden, T....Pittsfield, Mass. 
Belknap, M....New York City 
Bellinger, Pa. 
Belzner, York City 
Benton, New York City 
Bergman, M..New York City 
Beugler, J....New York City 
Bieler, York City 
Billings, York City 
Bissell, H..........Boston, Mass. 
Black, M.....New York City 
Blackmore, 

Long Island City, 


[Society 


Blakeley, Bethlehem, Pa. 
Blakeslee, Clarence, 
New Haven, Conn. 
New York City 
Bogert, L....New York City 
Boller, P....E. Orange, 
Bond, Edward A..Albany, 
Boucher, J....New York City 
Bowman, L....New York City 
Boyd, C......New York City 
Boyd, W......New York City 
Brace, James H..New York City 
Brackett, Dexter...Boston, Mass. 
Brady, Joseph....New York City 
Brendlinger, F., 
Philadelphia, Pa. 
Brennan, L....New York City 
Breuchaud, York City 
Breuchaud, R..New York City 
Brewer, Mass. 
Briggs, A..... New York City 
Briggs, C., 
Long Island City, 
Broadhurst, G., 
Hackensack, 
Brodie, L..... New York City 
Brown, T......New York City 
Brown, LeGrand, 
San Francisco, Cal. 
Brown, Norman .Pittsburg, Pa. 
Brown, Robert York City 
Brown, P.....New York City 
Brush, William 
New York City 
Burden, James......Troy, 
Burdett, A....New York City 
Burpee, Moses...... Houlton, Me. 
Burrowes, G..New York City 
Bush, Edward W.Saybrook, Conn. 
Bush, Lineoln. Orange, 
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Cantwell, H..New York City 
Carey, G...... New York City 
Carmalt, J....New York City 
Carrick, E....New York City 
Carter, E...... New York City 
Carter, Frank H.Cambridge, Mass. 
Carter, J.....Cleveland, Ohio 
Chadwick, R..New York City 
Chapleau, J...Ottawa, Canada 
Chappell, F...New York City 
Chase, Bedford, Mass. 
Chester, N......Pittsburg, Pa. 
Christian, L..New York City 
Christy, L....New York City 
C....New York City 
Church, B....New York City 


Churchill, S..... Roanoke, Va. 
Olark, G...... Tenafly, 
Clarke, C..... New York City 


Codwise, R....New York City 
Coffin. Amory.South Orange, 
Collier, C....New York City 
Conger, A....New York City 
Conard, K....New York City 
Connell, L.Brown Station. N.Y. 
Coombs, D....New York City 
Coomer, M..... Buffalo, 
Cooper, David R..Albany, 
Cornell, H..New York City 
Corthell, 
Hastings-on-Hudson, 
Coulter, S..... Albany, 
Cowles, S.......Boston, Mass. 
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Crehore, W...New York City 
Cresson, F., York City 
Crooks, H....New York City 
Crosby, York City 
Crosby, W....Baltimore, Md. 
Crowell, Foster...New York City 
Cummings, York City 
Currier, G....New York City 


Dailey, A..East Orange, 
Dakin, H., Jr..New York City 
Darling, H..... Duluth, Minn. 
Darrow, J....New York City 
Davis, York City 
Davis, E.Brown Station, 
Davis, L...... New York City 
Dean, Arthur W...Boston, Mass. 
Dean, Luther..... Taunton, Mass. 
DeBerard, W..New York City 
Devin, George...New York City 
Develin, G...Philadelphia, Pa. 
Devlin, S..... Brooklyn, 
Deyo, F....New York City 
Diamant, H....New York City 
Downes, K....Kenbridge, Va. 
Dunham, F...New York City 


Earle, Thomas......Steelton, Pa. 
Easterbrook, York City 
Eckersley, O...New York City 
Edwards, W..New York City 
Ehrbar, H....New York City 
Elliott, W..... Burlington, Vt. 
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New York City 
Emerson, C., 

Jamaica Plain, Mass. 
Ensign, W....Harrisburg, Pa. 
Esselstyn, H....Detroit, Mich. 
Estabrook, M..New York City 


Fairchild, E., Jr., 
Philadelphia, Pa. 
New York City 
Faucette, D..Portsmouth, Va. 
Boston, Mass. 
Federlein, G..New York City 
Fenn, W.H....Wilmington, Del. 
Fenton, G....New York City 
Fetherston, T..New York City 
Fiebeger, J..West Point, 
Fisher, Wager...Bryn Mawr, Pa. 
FitzGerald, D...Brookline, Mass. 


Forrest, N...... Maurer, 


Fougner, Hermann, 

New York City 
Francis, B....New York City 
Fraser, E.Richmond Hill,N.Y. 
Freeman, H...New York City 
French, H....Brookline, Mass. 
French, B....New York City 


[Society 


Frink, A..... Portsmouth, Va. 
Frisell, H......New York City 
Fuertes, H....New York City 
Fuller, New York City 
Fuller, B.....New York City 
Furber, C..Philadelphia, Pa. 


Gandolfo, H...New York City 
Garrison, Pa. 
Giddings, F...... Atchison, Kans. 
Gifford, E....New York City 
Gillen, J., 
Brown Station, 
Gilman, Charles. .Plainfield, 
Gladding, 
New Haven, Conn. 
Goldsborough, B., 
New York City 
Goodman, Joseph. .New York City 
Goodman, Louis..New York City 
Goodrich, P...New York City 
Goodsell, B....New York City 
Gould, M..Cold Spring, 
Gow, R..West Roxbury, Mass. 
Graham, H....New York City 
Granbery, H..New York City 
Green, N.....New York City 
Green, M......New York City 
Greene, Carlton, 
South Orange, 
Greene, S., Jr..New York City 
Greene, S.New Brunswick, N.J. 
Greenlaw, W.Cold Spring, N.Y. 
Gregory, E...Mt. Kiseo, 
Greiner, Baltimore, Md. 


4 
| 


W., 
Rochester, 


Gross, A.......New York City 
Guise, Philip..... Brooklyn, 
Guthrie, B..... Buffalo, 


Hague, A..... New York City 
Haight, New York City 
Haines, W..Philadelphia, Pa. 


Haldeman, Philadelphia, Pa. 
Hale, M....High Falls, 


Boston, Mass. 
Hall, W......New York City 


Hallihan, York City 
Hamilton, W..New York City 
Hancock, R....New York City 
Harby, Isaac......Trenton, 
Hardaway, H...Columbus, Ga. 
Harrington, F....Norfolk, Va. 
Harte, R..New Haven, Conn. 
Hartman, F....Baltimore, Md. 
Harwood, A...New York City 


Hasbrouck, Osear...Cohoes, 
Haskins, J....New York City 
Haslam, E...... Albany, 


Hawkins, Irving, 

South Orange, 
Hazelton, W., 

Turners Falls, Mass. 
Hazen, Allen.....New York City 
New York City 
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Heller, W...... Newark, 
Henderson, Conn. 
Herrick, J....New York City 
Hewes, H....New York City 
Hewitt, George...New York City 
Higgins, Mass. 
Higgins, Park, N.J. 
Higginson, Y., 
New Rochelle, 
Hitcheock, C..New York City 
Hobby, S....Philadelphia, Pa. 
Hodgdon, A...New York City 
Hodgdon, W....Boston, Mass. 
Hodge, W....New York City 
Hoff, Olaf........New York City 
Hogan, P..High Falls, 
Holbrook, Perey..New York City 
Holden, H....New York City 
Holgate, Henry, 
Montreal, Que., Canada 
Holtzman, F..New York City 
Honness, G., 
Pleasantville, 


Hovey, E..... Plainfield, 
Howe, E..... Hastings, 
Howe, E........Boston, Mass. 


Howell, A...... Newark, 
Hoyt, E..... Rochester, 
Hudson, W....New York City 


Hunt, A......New York City 
New York City 
Hunt, W..... New York City 


Hunt, Kans. 
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Hyatt, Caleb..... New York City 


B... 
Immediato, 
Ives, 


Washington, 
Poughkeepsie, 


Jewel, L..Edgewood Park, Pa. 
Johnson, A...... New York City 
Johnson, A....New York City 
Johnson, Rankin, 

Port Washington, 
Johnson, H..... Pittsburg, 
Johnston, T...Cheyenne, Wyo. 
Jones, Pusey.....New York City 
Jones, R......New York City 
Jordan, C......Portland, Me. 


Karner, J....New York City 
Kaufman, Gustave. New York City 
Keays, H....New Paltz, 
Keefer, H.Ottawa, Ont., Canada 
Keith, C......New York City 


Keller, B..... New York City 
Kelley, D..... Yonkers, 
Kiehm, Charles....Albany, 


Kimball, A..... Mass. 
Kimball, H..Davenport, Iowa 
King, Wallace, Jr. New York City 
Kinnear, Detroit, Mich 
Kinney, M....Pittsburg, Pa. 
Kirehner, A...New York City 
Kirkwood, C...New York City 
Knickerbocker, 
Middletown, 
Knight, 
A....New York City 
Knowles, Pa. 
Knox, B......New York City 


Lannan, 
> 


Long, 
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Kornfeld, E...New York City 
Kuichling, E..... New York City 


LaChicotte, York City 
Lamb, York City 
Lambie, S...... Pittsburg, Pa. 
Langton, John....New York City 
Pa. 
Lavis, F......Mt. Vernon, 
Larsson, E..New York City 
Leather, H....New York City 
Leavitt, W., Jr.New York City 
York City 
Lentilhon, 
Bay Shore, 
Lesley, W...Philadelphia, Pa. 
Lewis, W..New Haven, Conn. 
Lewis, P......New York City 
Lindau, E...... St. Louis, Mo. 
Lindenthal, Gustav, 
New York City 
Llewellyn, T..New York City 
Lobo, Carlos..... Brooklyn, 
Lochridge, E.Springfield, Mass. 
Loewenstein, Jacob, 

New York City 
York City 
Look, J..Brown Station, 
Loomis, Horace. Mt. Vernon, 
Low, E.......New York City 
Lowinson, O...... New York City 
Lowry, John, Jr..New York City 
Lueas, L......New York City 
Lucius, Albert....New York City 
Ludwig, A....New York City 
Lundie, John....New York City 


Logan, S... 
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Lyford, York City 
Lyle, Pa. 


Macdonald, C....New York City 
MacGregor, York City 
Machen, B....New York City 
McClave, W., Jr., 
Cliffside Park, 
Walter..Albany, 
McCurdy, R., 
Brown Station, 
Hunter, 
Nashville, Tenn. 
S.Greenville, Pa. 
McKenzie, 
Southington, Conn. 
MeLure, Pa. 
William, 
Montreal, Que., Canada 
MeNeal, John.......Easton, Pa. 
Mair, W....Mt. Vernon, 
Maltby, B....Philadelphia, Pa. 
Manley, Henry..... Boston, Mass. 
Manley, West Roxbury, Mass. 
Marden, H., New York City 
Marple, Pa. 
Marshall, D., 
Garden City, 
Marshall, A...New York City 
Matheson, G...New York City 
Matheson, 
Winnipeg, Man., Canada 
Maurice, H...Harrisburg, Pa. 
W..New York City 
Mehren, J....New York City 
Melius, L......New York City 
Mercer, H........ Steelton, Pa. 
Merrill, York City 
Merriman, Thaddeus, 
Essex Fells, 
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Merryman, C..New York City 
Mass. 
Miller, A., 

Newton Highlands, Mass. 
Miller, Max M....Yonkers, 
Miller, P......New York City 
Mills, M....Philadelphia, Pa. 
Modjeski, Ralph..... 
Mogensen, E..New York City 
Moisseiff, York City 


Molitor, A...... Ithaca, 
Molitor, York City 
Montfort, R...... Louisville, Ky. 


Moore, Mass. 
Moore, H..New Haven, Conn. 
A..... Cleveland, Ohio 
Morrison, E....New York City 


Morse, F...... Bayonne, 
Pittsburg, Pa. 
Mueser, W.......New York City 


Myers, H......New York City 
Myers, H..White Plains, 


Neale, Pittsburg, Pa. 
Nelson, William, 
Binghamton, 
Newman, T...New York City 
Nichol, S....New York City 
Nichols, Haven, Conn. 
Noble, Alfred....New York City 
Norris, H......Portland, Me. 
North, P......New York City 
Northrop, A., 
Brown Station, 
Noyes, L......New York City 
New York City 


7 
7 
4 
q 
q 
1 
q 
ia 
q 
q 
1 
= 


REPORT THE ANNUAL MEETING [Society 


O’Brien, H....New York City 
Ogden, N....... Ithaca, 
Olmsted, E....New York City 
Opdyke, B.. Jr., 

New York City 
O’Rourke, F...New York City 
Orr, Alexander, 
Gloversville, 
Orrok, A..... Brooklyn, 
Osborn, C....Cleveland, Ohio 
Ostrup, C......New York City 


Philips, H...... Newark, 
Plogsted, York City 
New York City 
Polk, Valley, Okla. 
Pollock, D....New York City 
Pond, ..New York City 


Porter, T......Greenville, Pa. 
Potts, Clyde..... New York City 


Powers, V..New York City 
Pratt, Arthur H..New York City 
Preston, H....Norwich, Conn. 
Preston, H., Jr., 

Waterbury, Conn. 


Owen, Priest, B...... New York City 
Owen, D..... Prince, D..... New York City 


Oxholm, 
West New Brighton, 


Parker, J...... New York City 
New York City 
Parmley, C., 
Upper Montelair, 
Parsons, W......Steelton, Pa. 
Parsons, A..Stamford, Conn. 
Patterson, Y., 
Springfield, Mass. 
Payne, R., 
Fort Edward, 
Peabody, W., 
White Plains, 
Pegram, H...New York City 
Pemoff, J......New York City 
Pendlebury, Edward, 
Arlington, 
Perrine, George..New York City 
Peterson, John...New York City 
Pfau, W......New York City 
Pflueger, C....New York City 


Quimby, H., Jr., 

Mt. Vernon, 
Quimby, H..Philadelphia, Pa. 
Quiney, F....New York City 


Ray, J....East Orange, 
Read, L........Malden, Mass. 
Heed, New York City 
Regester, S., Jr., 

Baltimore, Md. 
Reid, A......New York City 
Reimer, A..East Orange, 
Reimer, A..East Orange, 
Stamford, Conn. 
Richardson, Clifford, 

New York City 
Richardson, York City 
Richardson, Pa. 
Richmond, 

New York City 
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Ridgway, R.Poughkeepsie, 


Riedel, C..... Brooklyn, 
Riegner, B..Philadelphia, Pa. 
Rights, D.....New York City 
Ripley, W..... New York City 
Ripley, Joseph.....Albany, 


Ripley, M...... Fulton, 
Robbins, H....New York City 
Roberts, W...New York City 
Robinson, F...New York City 
Robinson, W..New York City 
Rockwood, F., 
Newton Center, Mass. 
Rogers, L....New York City 
Rohrer, Grant....New York City 
Rohrer, Pa. 
Rollins, W., Jr..Boston, Mass. 
Ropes, Mass. 
Rose, V..Niagara Falls, 
Rosenberg, 
Ruddle, John..Mauch Chunk, Pa. 
Rust, H.Toronto, Ont., Canada 
Ruttan, 
Winnipeg, Man., Canada 
New York City 
Ryder, T...New York City 


Sanborn, Mass. 
Sanford, York City 
Sauer, F...... Elizabeth, 
Sayers, L.....New York City 
Sayles, W....New York City 
Scammell, K., 

St. John, B., Canada 
Schaeffer, Amos..New York City 
Schall, 

South Bethlehem, Pa. 
Schermerhorn, R., Jr., 

New York City 

Schmid, R..... Bethlehem, Pa. 

Schmitz, C....New York City 
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Schneeweiss, E., 
Paterson, 
Schneider, C., 
Philadelphia, Pa. 
Schulze, A., 
East Oakland, Cal. 
Schwitzer, 

Winnipeg, Man., Canada 
Seabury, T....New York City 
Searle, D.....New York City 
Searle, F., 

Brown Station, 
Sears, H....Plymouth, Mass. 


Selby, E..... Cincinnati, Ohio 
Serber, C...... New York City 
Shailer, A......Boston, Mass. 
Shedd, G..... New York City 


Shellenberger, R., 
Bayonne, 
Sherman, L., 
White Plains, 
Sherrerd, M....... Easton, Pa. 
Shertzer, B....Baltimore, Md. 
Simpson, F....New York City 
New York City 
Skinner, W., 
Tompkinsville, 
Sloan, G......New York City 
Small, H., York City 
Smith, O.Port Jefferson, 
Smith, York City 
Smith, B....Mare Island, Cal. 
Smith, E..... Syracuse, 
Smith, S....Wilkes-Barre, Pa. 
Smith, Waldo..New York City 
Smith, Joseph....New York City 
Smith, H..White Plains, 
Smith, F..... New York City 
Smith, M., Sr., 
West New Brighton, 
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Smith, T..... New York City 
Snow, H......New York City 
Snow, H......Harrisburg, Pa. 
Boston, Mass. 
Sonne, Otto...... New York City 
Soper, A......New York City 
Souder, Harrison...Cornwall, Pa. 
Spencer, H...... New York City 
Spilsbury, G., 
New Rochelle, 
Splitstone, 
East Orange, 
Sprague, L., Jr.. Valhalla, 
Sprague, S....Pittsburg, Pa. 
Stanton, York City 
Starr, H....Philadelphia, Pa. 
Stearns, Boston, Mass. 
Stearns, H....New York City 
Steere, E..Fort Hunter, 
Stern, W...... New York City 
Stevens, M...Winthrop, Mass. 
Stevens, E....St. Paul, Minn. 
Stewart, M....New York City 
Stoddard, C....New York City 
Stoddard, F....Milford, Conn. 
Storey, B., Jr....Chicago, 
Stowitts, P...New York City 
Strachan, C., 
Richmond Hill, 
Strong, Mason R.New York City 
Stuart, Francis L.New York City 
Sumner, Horace .Denver, Colo. 
Suter, Russell....New York City 


Swensson, Otto J..Pittsburg, Pa. 
Sykes, George....New York City 


Taber, George A.Brooklyn, 
Taggart, Ralph C.New York City 
Talbot, Earle, 
San Cal. 
Talbot, M..Glen Ridge, 
Taylor, Charles F.New York City 
Taylor, Lucian A..Boston, Mass. 
Terrell, H..Wilmington, Del. 
Terry, H..New Haven, Conn. 
Philadelphia, Pa. 
Thacher, Edwin..New York City 
Thoma, Jacob, 
Long Island City, 
Thomes, Edwin H.Jamaica, 
Thompson, C..New York City 
Thompson; Sanford 
Newton Highlands, Mass. 
Thomson, Alex., Jr., 
Walden, 
Thomson, F..New Paltz, 
Thomson, K...New York City 
Thornley, Julian..Albany, 
Tidd, W..White Plains, 
Tighe, James L...Holyoke, Mass. 
Tilt, Garret E....New York City 
Tinkham, E....Boston, Mass. 
Tirrell, E...Mt. Vernon, 
Tompkins, 
Pelham, 
Tompson, M..Wakefield, Mass. 
Tooker, W....New York City 
Torrance, M., 
East Orange, 
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Tozzer, C......New York City 
Trautwine, C., 
Philadelphia, Pa. 
Tribus, Louis L..New York City 
Triest, G..... New York City 
Trotter, W....New York City 
Trout, Charles E..New York City 
Trow, H.Brown Station, 
Tucker, Lester W.New York City 
Tull, Richard W..New York City 
Turner, Boston,. Mass. 
Tuttle, Arthur York City 


Underwood, W., 
Philadelphia, Pa. 


Vandervoort, F.New York City 
Van Horne, G..New York City 
Van Keuren, 
Jersey City, 

Van Norden, M., 

Brooklyn, 
Van Winkle, Edward, 

Brooklyn, 


Verrill, E..New Haven, Conn. 
Vinton, M....New York City 
Vogel, John City, 
Voorhees, Paul...Harrisburg, Pa. 


Vredenburgh, W., Jr., 


Woodmere, 


Wachter, L...New York City 
Waddell, M...... New York City 
Wagner, Harry E.Andover, 
Wagner, C...Philadelphia, Pa. 
Waite, Guy B....New York City 
Waldron, P...New York City 


REPORT THE ANNUAL MEETING 


Walker, Frank H...Franklin, Pa. 
Walker, W..... Pittsburg, Pa. 
Walton, Harry C.New York City 
Ward, Edward A..Newark, 
Wardle, B....New York City 
Warren, A....New York City 
Washington, DeH., 
New York City 
Wason, Mass. 
Watkins, W., 
White Plains, 
Webster, S...Philadelphia, Pa. 
Webster, R..Philadelphia, Pa. 
Wegmann, E....New York City 
Wells, E..White Plains, 
Wells, Joseph A..New York City 
Wendt, Edwin Pa. 
Wentworth, L.New York City 
Weston, S...Middleboro, Mass. 
Wheeler, M., 
Springfield, Mass. 
Whipple, C....New York City 
White, S....Beaver Falls, Pa. 
White, M....New York City 
Whitney, O..... Boston, Mass. 
Whitney, B., Jr., 
New York City 
Wiggin, W.New Haven, Conn. 
Frederick, 
Brooklyn, 
Wildes, Waldo G...Rome, 
New York City 
Wilkes, 
New Rochelle, 
Wilkins, S....New York City 
Willard, 
North Cambridge, Mass. 
Wilson, Ohio 
Wilson, S., 
New Rochelle, 
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Wilson, B....... Chicago, 
Wilson, H...Philadelphia, Pa. 


Wilson, T...New York City 
Witmer, P..East Orange, 
Wolfel, Paul L....Pittsburg, Pa. 
Wolverton, M., 
Mt. Vernon, Ohio 
Wood, Henry B...Boston, Mass. 
Woods, D.West Newton, Mass. 
Woodworth, B..Pittsburg, Pa. 
Woolley, F., 
Sylvan Beach, 
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Wortendyke, D., 
Jersey City, 
Worthington, Charles, 
New York City 
Wrenn, F...... Newark, 
Wyckoff, R., Jr., 


Brooklyn, 
Wyman, M.East Orange, 


Yates, 

Tomkins Cove, 
Yereance, B..New York City 
Young, G......New York City 
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ANNOUNCEMENTS 


ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


March 2d, 1910.—8.30 M.—A paper entitled “The Improved 
Water and Sewage Works Columbus, Ohio,” John Gregory, 
Am. E., will presented for discussion. 

This paper was printed Proceedings for January, 1910. 


March 16th, 1910.—8.30 M.—At this meeting two papers will 
presented for discussion, follows: Concrete Water Tower, 
Kempkey, Jun. Am. Soc. E.; and “Some Mooted Questions 
Reinforced Concrete Edward Godfrey, Am. 


These papers are printed this number Proceedings. 


April 6th, 1910.—8.30 M.—Two papers will presented for 
discussion, follows: “The New York Tunnel Extension the 
Pennsylvania Railroad: The Terminal Station-West,” Cres- 
son, Jr., Am. E.; and “The New York Tunnel Extension 
the Pennsylvania Railroad: The Bergen Hill Tunnels,” Lavis, 

These papers are printed this number Proceedings. 


April 20th, 1910.—8.30 this meeting paper Her- 
bert Wilson, Am. Soc. E., entitled, “Federal Investigations 
Mine Accidents, Structural Materials, and Fuels the United 
States Testing Station, Pittsburg, Pa.” 

This paper printed this number Proceedings. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 


Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 
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MEETINGS THE SAN FRANCISCO ASSOCIATION 
MEMBERS, AM. SOC. 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with hanquet, 
and weekly informal luncheons. The former are held the 
Palace Hotel, the third Friday February, April, June, August, 
October, and December, the latter being the Annual Meeting the 
Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. Soc. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
and any such member will gladly guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


PAPERS AND DISCUSSIONS 


hoped that members and others who take part the dis- 
cussion the papers presented will revise their remarks promptly, 
and that all written communications from those who cannot attend 
the meetings will sent the earliest possible date after the issue 
paper Proceedings. The quarterly issue volumes 
actions dependent the closing discussions, and the co-operation 
the membership now more necessary this matter than hereto- 
fore, because definite date issue for each volume must main- 
tained. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 


quested for subsequent publication Proceedings and with the paper 
the volumes T'ransactions. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the. use their 


Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Boston, 
Mass. 


Brooklyn Engineers’ Club, 117 Remsen Street, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 

Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
C., England. 


Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 
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Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, 
London, England. 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
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ANNOUNCEMENTS 


books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


Colorado Association 
(Abstract Minutes Meeting) 


January 15th, 1910.—The regular meeting the Colorado Associa- 
tion Members, Am. E., was called order 8.30 M.; 
President Crocker the chair; Burt, Secretary; and 
present, also, members and guests. 

The minutes the December meeting were read and approved. 

motion, duly seconded, was ordered that the Chair appoint 
committee three five members act co-operation with the 
Committee the Colorado Bar Association proposed legislation 
relation drainage, and that the Committee empowered report 


the Association upon any legislation that may affect the interests 
the Engineering Profession. 


Charles Comstock, Am. E., read paper “Engi- 
neering Education,” which was discussed Messrs. Lory, Carpenter, 
Allison, Haldan, Smith, Lyon, Anderson, and the author. 


Adjourned. 
Proceedings, Vol. XXXIII, (January, 1907). 
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ACCESSIONS THE LIBRARY 


(From January 12th February 7th, 1910) 
DONATIONS* 
GAS, GASOLINE, AND OIL-ENGINES, INCLUDING PRODUCER-GAS PLANTS. 


Complete and Practical Work, Fully Describing and 
the Theory, Design, Construction, and Management the Explosive 
Motor for Stationary, Marine and Vehicle Motor Power. Gardner 
Hiseox. Eighteenth Edition, Revised and Enlarged. Cloth, 


in., illus., 476 pp. New York, The Norman Henley Publishing 
Company, 1910. $2.50 net. 


the present edition this book, the author’s preface states that much new 
matter has been added, especially the Marine Department, and the rules and 
regulations formulated the insurance interests for the safe installation gaso- 
line motors and producer-gas plants are also given. list United States patents 
issued the gas-engine industry from 1875 October 1st, 1909, added the 
end the volume. The Contents are: Introduction; Theory the Gas and 
Gasoline Engine; The Utilization Heat and Its Efficiency Explosive Motors; 
Retarded Combustion, Wall-Cooling, and Compression Efficiencies; Compression 
Explosive Motors, and Its Work; Causes Loss and Inefficiency Explosive 
Motors; Economy the Gas Engine for Electric Lighting, etc.; The Material 
Power Explosive Engines; Carburetters; Cylinder Capacity Gas and Gasoline 
Engines; Governors and Valve Gear; Explosive Motor Ignition; Cylinder Lubri- 
and Mufflers; Construction Details and Parts the Explosive Motor; Ex- 
plosive Motor Types and Details the Explosive Motor; The Measure- 
ment Power; Management Explosive Motors; Explosive Engine Testing; The 
Amateur’s Motor; Marine Motors; Motor Bicycles, Tricycles and Automobiles; 


Distilling and Petroleum Oil Motors; Producer Gas and Its 
ndex. 


HENLEY’S ENCYCLOPEDIA PRACTICAL ENGINEERING AND ALLIED TRADES, 
VOL. 


Practical and Indispensable Work Reference for the Mechan- 
ical Engineer, Designer, Draftsman, Shop Superintendent, Foreman, 
and Machinist. Edited Joseph Horner, Inst. Half 
in., illus. New York, The Norman Henley Pub- 
lishing Co., 1909. per vol., $25 for set vol. 

This volume the last the set five which comprise the whole work, the 
first having been published 1906. The sub-title describes the publication 
encyclopedic scope, thorough and practical its treatment technical subjects, 
simple and clear its descriptive matter, and without unnecessary technicalities 
formulas. The articles are said brief may and yet give rea- 
sonably clear and explicit statement the subject, and written men who 
have had ample practical experience the matters which they write. The 
work freely illustrated with working drawings, diagrams and photographs, and 


many cross-references are used facilitate the work those looking any 
subject. 


THE FLOW WATER. 


New Theory the Motion Water Under Pressure and 
Open Conduits, and Its Application. Louis Schmeer. 
Cloth, in., illus., 228 pp. New York, Van Nostrand Com- 
pany, 1909. net. 

The author states that this work the outcome series investigations 
begun several years ago with the object finding simple expression for the 
phenomenon flow irrigation channels, and expresses hope that the 


volume will useful the practical engineer. The Contents are: Introduction; 
Primary Laws Pressure and Fall; Primary Laws Fluid Friction; Distribu- 


tion Head; Distribution Energy; The Coefficient the Formula 


*Unless otherwise specified, books this list have been donated the 
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Primary Determination the Coefficient Mathematical Expressions for the 
Variation the Coefficient The Resistance Due Curves; The Resistances 
Due Entrances, Elbows, etc.; Riveted Conduits; Practical Application the 
Formula; Values the Coefficient Variation Values the Coefficients 
and for Conduits Under Pressure; Loss Head Welded Conduits Diameters, 
Internal Areas, Radii and Their Roots Roots Mean Hydraulic Radii; Values 
and The Coefficients Indicating the Degree Roughness; Alphabetical List 
Experimental Data; Forms Sections for Conduits; Sewers; 
ponential Equations; Explanation the Use the Tables Velocities and 
Quantities; Sines Slopes and Their Roots; Powers Diameters Circular 
Conduits; Powers Mean Hydraulic Radii Depths Water the Form 
Section Most Favorable Flow; Quantities Discharge Cubic Feet per 
Second Conduit One Foot Diameter Velocity Flow Semi-Square 
Foot Deep; Discharge Semi-Square Foot Deep: Weir Discharges; 
Weir Formule; Methods Measurement; Surface, Mean and Bottom Velocities 
Variation the Coefficient with the Slope The Formula Metric Measure: 
English and Metric Equivalents; Greatest Efficiency Conduit Given 


Diameter Transmitter Energy; Most Economical Diameter Conduit 
Under Pressure; Index. 


Gifts have also been received from the following: 


Alvord, John pam. Mott, William pam. 


Am. Gas Inst. bound vol. Fire Underwriters. 
Am. Inst. Elec. Engrs. bound 


Am. Inst. Min. Engrs. bound vol. Jamaica 
Am. Mathematical Soc. pam. Comm. pam 


Assoc. Am. Portland Cement Mfrs. New York State-Public Service Comm., 


pam. First Dist. pam. 
Baltimore Ohio pam. New York Univ. bound vol. 
Bilton, pam. Oklahoma, State Univ. of. pam. 


Bombay, India-Public Works Dept. Ontario, Canada-Bureau Mines. 


pam. pam. 
Canada-Dept. Marine and Fisheries. Ontario, Canada-Registrar-General. 


pam. pam. 

Case School Applied Sci. pam. Philadelphia, Pa.-Mayor. bound vol. 

Chemisches Laboratorium fiir Tonindus- Poughkeepsie, Y.-Board Public 
trie. bound vol., pam. Works. pam. 

Columbia Univ. vol. Queensland, Australia Harbours and 

Connecticut-R. Commrs. bound vol. Rivers Dept. pam. 

Davis, George J., Jr. Richmond, Fredericksburg Potomac 

Dudley, Charles pam Co. pam. 

Engrs.’ Club Cincinnati. pam. Board Public 

FitzGerald, Desmond. pam. Roads. bound vol. 

Fletcher, Robert. pam. Rugby Eng. Soc. bound vol 


France-Ministére des Travaux Publics, Institution. bound vol., 
des Postes des Telegraphes. 
pam. Coll. pam. 
Germany Kaiserliche Generaldirektion S.-Bureau Statistics. pam. 
thringen. pam. S.-Dept. Agriculture. pam. 
Great Eastern Ry. Co. pam. Almanac Office. pam. 
Harvard Univ. bound vol. S.-Naval Observatory. pam. 
Institution Civ. Engrs. bound vol., the Library and Naval 


pam. War Records. pam. 
Brighton South Coast Ry. Co. 


Branch, Geol. Survey. 
pam. 
Massachusetts-Board Harbor and Land Virginia, Univ. of. 
Commrs. bound vol. Western Austrialia-Geol. pam. 
Metropolitan Ry. Co. pam. Worcester Polytechnic Inst. pam. 


PURCHASE. 


Modern Practice Mining. Vol. Coal, Its Occurrence, Value and 
London, New York, Bombay, and Calcutta, 1908. 


Canal Enlargement New York State, Papers the. Barge Canal 
Campaign and Related Topics. (Buffalo Historical Society Publica- 
tions, Vol. 13. Edited Frank Severance.) Buffalo Historical 
Society, Buffalo, Y., 1909. 
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Minerva, Jahrbuch der Gelehrten Welt. Begriindet von Dr. 
Neunzehnter Jahrgang, 1909-1910. Karl Triibner, Strass- 
burg, 1910. 


Train Resistance Bibliography. Railway Age Gazette, 
New York, 1910. 

Railway Enterprise China, Account its Origin and Develop- 
ment. Percy Horace Kent. Edward Arnold, London, 1908. 


The Public Health Agitation 1833-48. B.S. Hutchins. A.C. 
Fifield, London, 1909. 


Mitteilungen uber Forschungsarbeiten auf dem Gebiete des Ingenieur- 
wesens Insbesondere aus den Laboratorien der Technischen Hochschulen, 
Nos. vom Verein Deutscher Ingenieure. Julius 
Springer, Berlin, 1909. 

Moody’s Manual the Railroads and Corporation Securities. Tenth 
Annual Number. Revised Edition (Revised and Supplementary 
10th, 1909.) Moody Manual Company, New York, 1909. 


SUMMARY ACCESSIONS 


(From January 12th February 7th, 1910) 


Donations (including 155 
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MEMBERSHIP 


ADDITIONS 
(January 12th February 7th, 1910} 


MEMBERS Date 


Membership. 

BUEHLER, WALTER. Vice-Pres., Kettle 

Quarries Co., Minneapolis, Minn.; Mar. 1906 

dress, 6182 Washington Blvd., St. Louis, Jan. 1910 

Engr., 1023 Candler Bldg., Atlanta, Ga. Jan. 1910 

Ste. Marie, Mich Jan. 1910 

Itawamba Eng. Co., 308 South 8th St., 


Sault Ste. Marie, Mich............... Jan. 1910 
Hoover, CLARK. Red House, Hornton St., Lon- 


bard), 601 Witherspoon Bldg., Philadel- Assoc. Mar. 

MAURICE, Prin. Asst. Engr., Board 
Public Works, South St., Harrisburg, Pa. Jan. 1910 

Epson. Junior Engr., Atkinson, 

ROSENBERG, Cons. Engr. and Archt., Glenwood 


ROWELL, FREEMAN. Res. Engr., Chat- Jun. May 1897 
tanooga Tennessee River Power Co., Jan. 1901 


SPEAKMAN, Epwarp. City Engr., Brandon, Man., 


ASSOCIATE MEMBERS 
BATCHELDER, BENJAMIN FRANKLIN. Potsdam, Y...... Jan. 1910 


Montcomery. Asst. Engr., Terminal 
Assoc., Union Station (Res., 2736 Ann Ave.), St. 
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ASSOCIATE MEMBERS (Continued). 


THOMAS FRANKLIN. Supt., Huron Products Co.; 
Address, 5428 Catherine St., Philadelphia, Pa...... 

THoMAS Eng. Insp., Board Water 
Supply, Headquarters Dept., Distribution Div.; Ad- 
dress, 596 Riverside Drive, New York City........ 

Asst. Engr., Bureau Public Works, 

CONNELL, Asst. Engr., Board Water Sup- 
ply New York City, Brown Station, Ulster Co., 

Derr, Munro. Prof. Civ. Eng., South Dakota 
State Coll., and Asst. Engr., South Dakota 

Gatun Gatun, Canal Zone, 

Panama 

FRASQUIERI REGUEIFERO, TRANQUILINO. Havana, Cuba.. 

GREENMAN, RUSSELL Res. Engr., Testing Labora- 
tory, Dept. State Engr. and Surv., State 

Cons. Engr. (Richardson Jun. 


Hale), Water St., Boston, Mass.... 
HAVENS, DEWITT. 155 Prospect St., Bristol, Conn. 
Roy Mech. Engr., Wroe Ave., Day- 

Kocu, CHRISTIAN. 740 West 26th St., Chicago, 
Dist. Engr., Water Resources 

Branch, Geological Survey, Box 972, Salt Lake 

LORENZ, GEORGE BENJAMIN. Asst. Engr. with George 

City Engr., 1826 St., Sacramento, Cal.... 
MAUGHMER, CARL. 2616 St., Sacramento, Cal.......... 
LESLIE. Care, R., 124 West St., 

Rio, Jos&. Rua Quitanda, Rio Janeiro, 
RANNEY, CHARLES GARFIELD. Leveler, Jun. 

State Eng. Dept., Mohawk, 
Epwarp Structural Engr. with 


Berkeley, Cal 
SULLIVAN, JOHN Eng. Dept., Public Service 


Comm., Ist Dist., 601 West New York 


TEBBETTS, GEoRGE 209 Adams St., Room 62, Chi- 


Assoe. 


[Society 
Date 
Membership. 

Oct. 1909 
1910 
1909 
Jan. 1910 
Jan. 1910 
Oct. 1906 
Nov. 30, 1909 
Aug. 31, 1909 
Aug. 31, 1909 
April 1905 
Feb. 1910 
Aug. 31, 1909 
Jan. 1910 
Jan. 1910 
Jan. 1910 
Jan. 1910 
Jan. 1910 
Feb. 1910 
Jan. 1910 
April 30, 1907 
Feb. 1910 
April 1906 
Jan. 1910 
Jan 1910 
Jan 1910 
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Date 
ASSOCIATE MEMBERS (Continued). 
Jun. Jan. 1902 
N. Y Assoc. M. Jan. 4, 1910 
FRANK LESLIE. and San. Engr., Jun. Sept. 1904 
Security Bldg., St. Louis, Mo........... 1910 


ASSOCIATES 


ATWELL, Instr. Surv., Univ. 
Mar. 31, 1908 


Jan. 1910 


JAMES VANCE. Instr. Civ. Eng., Missouri School 
Mines, Rolla, Mo.; Address, 205 Willey St., Mor- 


Michigan, 732 Packard St., Ann Arbor, 


JUNIORS 

EpMUNDSON, BowEN. Care, State Board Public 

2540 Benvenue Ave., Berk- 

MFRRITT, CHARLES 114 South Massey St., Water- 


Insp., Rhode Island State 

Board Public Roads, 175 Thayer St., Providence, 

SEELEY, ARTHUR. Insp., Reinforced Concrete Bridge, 

Pequonnock River, 334 Fairfield Ave., Bridgeport, 


DEATHS 
Elected Member, May 6th, 1885; died January 12th, 
1910. 


Elected Member, April 3d, 1901; died January 6th, 1910. 
Elected Associate Member, September 4th, 
1901; Member, October 3d, 1905; died December 9th, 1909. 
KINNEY, Epwarp Elected Member, May 3d, 1882; died Jan- 
uary 16th, 1910. 

SAMUEL Elected Member, November 18th, 1866; died Jan- 
uary 19th, 1910. 

Henry Elected Member, February 1872; died 
January 26th, 1910. 


Total Membership the Society, February 7th, 1910, 
322 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(January 11th, February 7th, 1910) 


list published for the purpose placing before the 
members the Society, the titles current articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


each journal this list: 


(1) 
(2) 


(3) 
(4) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


LIST PUBLICATIONS 
the subjoined list articles, references are given the number 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 
Proceedings, Engrs. Club Phila., 


1317 Spruce St., Philadelphia, 


Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Blk., Chicago, 


Transactions, Can. Soc. 
Montreal, Que., Canada. 

School Mines Quarterly, Co- 
lumbia Univ., New York City, 

Technology Quarterly, Mass. Inst. 


Tech., Boston, Mass., 75c. 
Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 
Engineering Magazine, New York 
City, 25c. 
Magazine, New York City, 


Engineering (London), 
Wiley, New York City, 25c. 


The Engineer 
national News Co., New York 
City, 35c. 


News, New York City, 

Engineering Record, 
City, 12c. 

Railway Age Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 


New York 


Electric Railway Journal, New 
York City, 10c. 
Railway and Engineering Review, 


Chicago, 10c. 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 


Supplement, 


Engineer, New York 
City, 20c. 
Electrical Review, London, Eng- 


land. 
World, New York City, 
Oc. 


(28) 


(29) Journal, 


(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 


Journal, New 
Works Assoc., Boston, Mass., $1. 
Royal Society Arts, 

London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 


Scientific American, 
City, 8c. 
Mechanical Engineer, Manchester, 


England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Berlin, 
Germany. 

Stahl und Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 


(52) Rigasche Riga, 
Russia. 
Zeitschrift, 


(53) 


(54) 
(55) 
(56) 


genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. Inst. 
Engrs., New York City, $5. 


Min. 
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(57) Guardian, London, Eng- (81) Zeitschrift fiir Architektur und In- 


Fulton Pittsburg, Pa., (83) Age, New York City, 


(59) Transactions, Mining Inst. Scot- (84) Ciment, Paris, France. 


land, London and (85) Proceedings, Am. Ry. Eng. and 


upon-Tyne, England. 
(60) Municipal Engineering, Indian- (86) 


Dearborn (87) and Foreman, Chicago, 
sburg, 
gium. 
(63) Inst. Proceedings, Am. Soc. for Testing 


64) Power, New Materials, Philadelphia, Pa. 
Official York (90) Transactions, Inst. Naval 
Railroad Club, Brooklyn, Y., Archts., London, England. 


(91) Transactions, Soc. Naval Archts. 
(66) Journal Gas Lighting, London, Marine Engrs., New York 
ngland, 15c. 
(67) Cement and Engineering News, (92) Bulletin, 
Chicago, pour Nationale, Paris, 
(68) Mining Journal, England. France. 
(70) Engineering Review, New York (93) Revue Paris, 
City, 10c. France, fr. 50. 
(71) Journal, Iron and Steel Inst., Lon- (94) The Boiler Maker, New York City, 
don, England. 


(71a) Carnegie Memoirs, (95) International Marine 
Iron and Steel London, New York City, 20c. 


England. (96) Canadian Engineer, Toronto, Can- 
(73) Electrician, London, England, 18c. ada, 15c. 
(74) Transactions, Inst. Min. and (97) Turbine, Berlin, Germany. Mark. 

Metal., London, England. (98) Journal, Engrs. Soc. 219 
(75) Proceedings, Inst. Mech. Engrs., Market St., Harrisburg, Pa., 30c. 

London, England. (99) Proceedings, Am. Soc. Municipal 
(76) Brick, Chicago, 10c. Improvements, New York City, 
(77) Journal, Inst. Elec. Engrs., London, 

England. (100) Professional Memoirs, 
(78) Beton und Eisen, Vienna, Austria. Engrs., A., Washington, 


(79) Forscherarbeiten, Vienna, Austria. 


(80) Tonindustrie Zeitung, Berlin, Ger- (101) Metal Worker, New York City, 
many. 


LIST ARTICLES 

Bridges. 

The Fades Viaduct.* (11) Dec. 31. 

Road-Bridge over the Klang River, Federated Malay States.* (11) Jan. 

The Mulberry St. Reinforced-Concrete Viaduct, Harrisburg, Pa.* (13) Jan. 13. 

The Clinton Bridge the Chicago North Western.* (15) Jan. 14. 

Reinforced Concrete the Vandalia Railroad, A.* Matthews, 
Inst. (11) Jan. 14. 

Launching the Reventazon Bridge, Costa Rica.* (14) Jan. 15. 

Rapid Deterioration Steel Work from the Corrosive Action Locomotive Gas, 
McCallie Avenue Bridge, Chattanooga, Tennessee. Robert Hooke. (Abstract 
Report the City Council.) (13) Jan. 20. 

The Liao River Railway Bridge, Manchuria. (11) Jan. 21. 

The Erection the Brandywine Viaduct.* (14) Jan. 22. 

Design Combination Timber, Steel and Reinforced Concrete Caissons for the 
McKinley Bridge, with Some Data Methods and Rates Sinking. 
Chase. (Abstract from Cornell Civ. Engr.) (86) Jan. 26. 

Reinforced-Concrete Girder Bridges.* Scheidenhelm. (13) Jan. 


The Cost Bridge Floors, Jack Arch Construction.* (12) Jan. 28. 

Harlem River Branch New York, New Haven Hartford.* (15) 
Serial beginning Jan. 

The Design the Bridges, Chicago, Milwaukee St. Paul Rail- 
way.* Greifenhagen. (14) Jan. 29. 

Emergency Repairs Bascule Drawbridge over the Chicago River Chicago Ter- 
minal Transfer Ry.* Avery. (13) Feb. 
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Bridges—(Continued). 

Queensboro Bridge Illumination.* (27) Feb. 

Some Cost Data for Reinforced-Concrete Highway Bridges.* Johnson. 
read before the Ill. Soc. Engrs. and Survs.) (14) Feb. (86) 

eb. 

The Construction the Evanston Subway Bridges, Chicago, Milwaukee St. Paul 

Pier Type Abutment for Highway Bridges.* (14) Feb. 

Great Bridge over the Red River Indo-China.* (19) 

Renforcement Pont Benha (sur Nil).* Husson. (43) Nov. 

Note sur Réfection Pont au-dessus Chemin Grande Communication No. 
Boves Ailly-sur-Noye.* Bouchard. (38) Jan. 


Electrical. 


Electricity Works and Refuse Destructors.* Robertson. (77) Dec. 

Some Tests and Uses Condensers.* Mordey. (77) 

Some Considerations the Manipulation Dry Core Telephone Cables.* 
Baldwin. (77) Dec. 


The Design Small Direct-Current Machines.* Stott and Hargrove. (77) 


ec. 

Notes the Elimination Sparking.* Laurence Carr. (77) Dec. 

The Direct-Current Variable-Speed Motor and its Application Modern Machine 
Tools.* Stanley Lonsdale. (77) Dec. 

The Radio-Telegraphic Station Cullercoats.* Aage (77) Dec. 

The Working Limit Electrical Furnaces due the Phenomenon.* 
Carl Hering. (Abstract paper read before the Amer. Electro-chemical Soc.) 
(73) 31. 

Stepney Borough Central Station.* (27) Jan. 13. 

Alaskan Hydroelectric Development.* Adler. (27) Jan. 13. 

The Wireless Telephone. John Hogan, Jr. (27) Jan. 13. 

Motor Loads and Incomes.* Alton Adams. (27) Jan. 13. 

Peukert’s High-Frequency Generator for Wireless Telegraphy the Quenched 
Spark Method.* Walter. (73) Jan. 14. 

Wireless Signaling Aeronautics, Experiments the Signal Corps. 
Lean. (19) Jan. 15. 

Juniata Water Water-Power Company.* (27) Jan. 20. 

The Ottawa Electric Company.* (96) Jan. 21. 

Condenser Telephones.* Karl Ort and Josef Rieger. (Tr. from 
Zeit.) (73) Jan. 21. 

Electric Cables.* Fernie. (73) Serial beginning Jan. 21. 

Transmission Lines the Central Colorado Power Company.* (27) Jan. 27. 

Large Industrial Plant Switchboard. Warren Miller. (27) 
ginning Jan. 27. 

The Tate Bifunctional Accumulator Plate.* Morrell. (96) Jan. 28. 

Central Stations Versus Isolated Plants for Textile Mills. Charles Main. (42) 


Feb. 

The Supply Electrical Power for Industrial Establishments from Central Sta- 
tions. Hale. (42) Feb. 

for Industrial Plants. Stickney. (42) Feb. 

Modern Automatic Telephone Apparatus.* Lee Campbell. (42) Feb. 

The Applicability Electrical Power Industrial Establishments. Dugald 
Jackson. (42) Feb. 

Cost Construction Service Telephone Line Cuba.* (86) Feb. 

Generating Station the Sayre Electric Company.* (27) Feb. 

Electricity Illinois Farm.* (27) Feb. 

Les Installations Hydro-Electriques Sud-Ouest Postel- 
Vinay. (32) Nov. 


Marine. 


The Advance Marine Engineering the Early Twentieth Century.* Arthur 
Maginnis. (75) July, 1909. 

The New Queenborough and Flushing Mail Steamers.* (11) Jan. 14. 

The Brazilian Battleship Minas Geraes.* (11) Jan. 21. 

Large Elevator Dredge for Work Boston Harbor.* (13) Jan. 27. 


Mechanical. 


The Determination the Economy Reversing Rolling-Mills.* Ablett, 
Inst. (71) Vol. 80. 

Economics Medium-Sized Power Stations; Study Comparisons between 
Steam, Gas and Oil Engines.* Pfeiffer. (77) Vol. 43. 

Electrical Operation Textile Factories.* Herbert Wilson. (75) July, 1909. 

Indicating Gas-Engines.* Frederic Burstall. (75) July, 1909. 

The Utilization Exhaust Steam for Electric Driving.* Richards. (77) 
Dec. 
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Mechanical— (Continued). 


the Soc. Engrs.) (47) Dec. 

Rope-Driving.* Stormonth. (11) Dec. 31. 

The Shaw Process for Making Brick.* (76) Jan. 

The Manufacture Tool Steel.* (41) Jan. 

Strasburg Gas Works and Supply.* (66) Serial beginning Jan. 

The Need for Calorific Standard. Hazzard. (Abstract report the 
Public Service Comm.) (66) Jan. 

The Electrical Equipment the Great Eastern Railway Co.’s Quay Parkeston, 
Harwich.* (73) Jan. 

The Design Aeroplane Engines.* (11) Jan. 

Waygood’s Electric and Hydraulic Luffing Wharf-Cranes.* (11) Jan. 

New Oil Engine Remarkably High Economy.* (13) Jan. 


Automobile Truck: Record Performance and Costs. (13) 
an. 


Wheel Spoil Transporter.* (22) Jan. 14. 

Strength Leather Belts.* Sekiguchi. (47) Jan. 14. 

Calorimetry. (Amer. Gas Inst.)* (24) Jan. 17; (83) 
eb. 

Gas-Producer Plant vs. Central-Station Service for Charging Electric Vehicles 
Roderick Donaldson. (27) Jan. 20. 

The Rateau Centrifugal Air Compressors and Blowers.* Frank Koester, 
Am. Inst. (13) Jan. 20. 

New Design Steam Pile Driver: Comparisons Several Types Drivers.” 
Goubert, Am. Soc. (13) Jan. 20. 

Steel Recent Machine Tool Design. Becker. 

an. 21. 

The Diameter Condenser Tubes.* Neilson. (12) Jan. 21. 

Foundry Plant and Machinery.* Joseph Horner. (11) Serial beginning Jan. 21. 

The Electric Motor Printing Work.* Sharpsteen. (27) Jan. 27. 

The Development Traction Engines. McGregor, Jun. Am. Soc. 
(Abstract paper read before the Amer. Soc. Agri. Engrs.) (13) Jan. 27. 

The Coke Ovens, with without Recovery By-Products.* 

an. 

The Application the Steam Turbine the Driving Textile Mills.* Storie. 
(Paper read before the Manchester Assoc. Engrs.) (47) Serial beginning 

Versus Isolated Plants for Textile Mills. Charles Main. (42) 
eb. 

Stacks for Water-Tube Boilers. Maguire. (9) Feb. 

Concrete Coke-Oven Lee. (45) Feb. 

High Pressure Boosting System.* Seth Ely. (83) Feb. 

The Sewells Point Coal Pier, Virginian Railway.* (14) 

Sur Forme Concave Donner Voilure d’un Aéroplane Bord 

Observations sur les Sables Fonderie. Henry Chatelier. (93) Dec. 

Résistance d’Anneaux Demi-Anneaux Circulaires, Sollicités par Effort 
Unique Traction Compression Centrale.* Rauber. (37) Dec. 31. 

Dispositif Cinématique pour Moteurs Gaz Simple Effet, Quatre Temps.* E.-L. 
Doaré. (37) 31. 

Les Entrainements dans les Générateurs Vapeur.* Emanaud. (34) 
Serial beginning Jan. 

Trolley Systéme Mercédés Electrique Stoll.* Enrique Hauser. 
(33) Jan. 

Transmission Air Comprimé, Systéme Hautier pour Véhicules Industriels (Poids 
Lourds).* Pierre-Guédon. (33) Jan. 15. 


(Abstract paper read before 


Metallurgical. 
Production Iron and Steel the Electric Smelting Process.* Ljungberg. 
(71) Vol. 80. 


The “Growth” Cast Irons after Repeated Heatings.* 
E., and Carpenter. (71) Vol. 80. 

Uniform Moisture Blast, Experiment Carried out Clarence Ironworks, 1909.* 
Greville Jones. (71) Vol. 80. 

The Fuel Economy Dry Blast Indicated Calculations from Empirical Data.* 
Moore. (71) Vol. 80. 

Artificial Magnetic Oxide Iron. Carulla. (71) Vol. 80. 

The Constitution Carbon-Tungsten Steels.* Thomas Swinden. (71) Vol. 80. 

(12) Jan. 21. 

Cyaniding the Montgomery-Shoshone Mill.* Edwin Van Saun. (16) Jan. 22. 

All Slime Treatment Ore Cyanide Plants. Megraw. (16) Feb. 

aux Congrés Londres (Juin 1909) Copenhague (Septembre 
1909). Guillet. (32) Oct. 
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Four Electrique.* Boudouard. (92) Dec. 
sur Dureté des Aciers Trempés sur Dureté 
des Aciers Cémentés Trempés.* Portevin Berjot. (93) Jan. 
Détermination des Points Transformation des Alliages Cu-Al (8-15, Al) 
(Etude Variation Résistance Electrique avec Température.* 
Maurice Barrée. (93) Jan. 

Etude des Gaz Dégagés par des Sels Cuivriques sur les 
Goutal. (93) Jan. 

Phénoméne Décantation Four Electrique.* Ch. Clausel Coussergues. 
(93) Jan. 

Military. 

Gun-Cotton Charges.* (11) Jan. 28. 

What Smokeless Powder has Made Possible.* Robert Skerrett. (46) Serial 
beginning Feb. 

Mining. 


Coal Cutting Machinery.* Robert Peele. (6) Nov. 
the United States Survey.* George 

The Use Electricity Fiery Mines.* (22) Serial beginning Jan. 

The Construction Cage Guides Coal Pits.* (Abstract Report the Royal 
Comm. Mines.) (47) Jan. 

Electric Haulage the Loftus Iron-Stone Mines.* (12) Jan. 

Electric Plant for Collieries.* (57) Jan. 

Coal Screening and Washing Plant with Coking Coal Bunkers the Bergmanns- 
the Royal Mining Inspection III Buer Westphalia.* 

an. 

Locomotives vs. Stationary Hoisting Engines for Raising Material Open Cut 
Mines. Jackson, Assoc. Am. Soc. (13) Jan. 13. 

Electrical Haulage Installation the Loftus Ironstone Mines.* (26) Jan. 14. 

Gravel Washing Plant.* (14) Jan. 15. 

Analysis Mine and Mill Practice Rand. Weston. (16) Serial be- 
ginning Jan. 15. 

Method Making Blast Displacing 180000 Tons Rock, with Some Costs. 
(86) Jan. 19. 

Circular vs. Rectangular Shaft Sinking.* Henry Payne. (16) Jan. 22. 

Firing Shots Mines Electricity.* Sydney Walker. (16) Jan. 22. 

Mining Siberia.* Percy. (22) Jan. 

Wire Ropes Colliery Practice.* Rowland. (16) Jan. 29. 

Composite Mine Car.* Wm. Weldin. (45) Feb. 

Mining Coal with Explosives.* (45) Feb. 

Modern Rock Drilling.* (45) Feb. 

The Cherry Mine Disaster.* (45) Feb. 

The Classifying Complex Ores.* Carl Dietz and Dyke Keedy. 

Equipment and Methods the Hecla Mine.* Roy Hutchins Allen. (16) Feb. 
Miscellaneous. 


New Explosives Ordinance for the City Chicago. (13) Jan. 13. 

Logarithmic Diagrams Based Isoplethe Points.* Gehring. (14) 

Bassin Houiller Blanzy-Auxonne-Ronchamp.* Eugéne Léotard. (32) Oct. 

Compte Rendu Technique des Excursions Société des Ingénieurs Civils 
France Juillet 1909; Visites Industrielles Paris, Exposition Nancy, 
Bassin Briey.* Bergeron. (32) Oct. 

Evaluation Froid Obtenu dans une Détente Effectuée sans Travail Extérieur 
Sensible.* Monteil. (32) Nov. 


Municipal. 


Construction and Wear Roads. Henry Reginald Arnulph Mallock. (63) 

Street Lighting. Wrightington. (Abstract paper read before the Na- 
tional Commercial Gas Assoc.) (66) Jan. (83) Feb. 

Street Pavements. Whinery. (Abstract from report the Finance 
Comm. Boston.) (86) Jan. 12. 

Vitrified Clay Curbing for Streets and Roads.* (13) Jan. 13. 

Ottawa Civic Works.* Newton Ker. (96) Jan. 21. 

Cost Constructing Macadam Pavement with Concrete Curb and Gutter, Man- 
istee, Mich. (86) Jan. 26. 

Relative Cost Municipal Work Done Day Labor and Contract. 
Eddy. (Paper read before the Amer. Assoc. for the Advancement Sci.) 
(86) Jan. 26; (60) Feb; (13) Jan. 27. 

Road Construction and Maintenance Cumberland County, England. George 
Joseph Bell, Am. Soc. (13) Jan. 27. 

Bituminous Highway Construction. Clarence Kenyon. (Paper read before the 
Ind. Eng. Soc.) (60) Feb. 
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Methods and Costs Sidewalk Construction Chicago. Murray. (Ab- 
stract paper read before the Soc. Engrs. and Survs.) (86) Feb. 

Detailed Cost Constructing 2070 Sq. Yds. Brick Pavement Carlisle, Pa. 
Bingham, Assoc. Am. Soc. (86) Feb. 

The Water Supply, Sewerage and Subways Paris Relation the Present 
Floods.* Geo. Soper, Am. Soc. (13) Feb. 


Railroads. 


The Construction the Ninth Division (Hills Section) the Assam-Bengal Rail- 
way.* Thomas Richard Nolan, Assoc. Inst. (63) Vol. 178. 

Stuartstown Narrow-Gauge Railway, Natal.* Walter Sweetman, Assoc. Inst. 

(63) Vol. 178. 
The Serviceable Life and Cost Renewals Permanent Way British Railways.* 
Price-Williams. (71) Vol. 80. 

Locomotives Designed and Built Horwich, with Some Results.* George Hughes. 
(75) July, 1909. 

Single-Phase Railways.* Percy Jones. (77) Dec. 

Comparative Cost Traction Systems. Tissot. (Abstract Report the 
Inter. Cong. the Application Elec., 1908.) (73) Dec. 31. 

Notes Locomotives.* (21) Jan. 

The System Train Lighting.* (21) Jan. 

Italian Goods Locomotives and their Working.* (21) Jan. 

Engineering Construction the Southern Ry.* (18) Serial beginning Jan. 

Original Cost and Cost Reproduction the Northern Pacific Railway 645 
miles) the State Washington. (86) Jan. 12. 

Coal Cars and Coal Trains the Virginian Ry.* (13) Jan. 13. 

Consolidation and Mallet Locomotives Southern Pacific.* 
(15) an. 

Three-Cylinder Shunting Locomotive; North-Eastern Railway.* (11) Jan. 14. 

The Visalia Fifteen-Cycle Single-Phase Railway.* (17) 

Railway Ditching Machine for Small Cuts and Fills.* 

Experience with Pipe Culverts Corrugated Iron.* (13) 

Large Gasoline Motor Car for the Oregon Short Line Ry.* (13) Jan. 20. 

Tender 12000 Gallons Capacity for Mallet Locomotives, Atchison, Topeka 
Santa Fé.* (15) Jan. 21; (13) Jan. 27. 

New Passenger Engines for the Chicago Northwestern Ry.* (18) Jan. 22. 

Woodford Haulage System Earth Moving Operations.* (18) Jan. 

The Scherl Gyroscopic Monorail Car, the Principle Its Operation.* (46) Jan. 

Evanston Track Elevation, Chicago, Milwaukee St. Paul Ry. Greifen- 
hagen. (14) Serial beginning Jan. 22. 

Important New Work the Illinois Traction System.* (17) Jan. 22. 

The Copper River Northwestern (14) Jan. 22. 

The Tractive Power Simple and Compound Locomotives.* Sidney Carpenter. 
(15) Jan. 28. 

Hopper-Ballast Wagons the Queensland Railways.* (11) Jan. 28. 

New Consolidation Locomotives for the Chicago Northwestern Ry.* (18) Jan. 29. 

The International Track Ballasting Machine.* (18) Jan. 29. 

Lewiston, Augusta Waterville Street Railway.* (17) Jan. 29. 

Financial Aspect the Application Electric Motive Power Railroads. 
Darlington. (9) Feb. 

The Trunk Lines.* Pomeroy. (25) Feb. 

Ten-Wheel Passenger Locomotive, with Emerson Superheater, and Consolidation 
Locomotive, Chicago Great Western Railway. (25) Feb. 

The Brennan Gyroscope, Non-Mathematical Explanation.* Dickinson. 
(10) Feb. 

Design Engine Drop Pit and Table Round-House the Central Georgia.* 
Feb. 

New Central Georgia, Macon, Ga.* (15) Feb. 

Tool Lay-Out for the Scranton the Delaware, Lackawanna Western.* 

Pennsylvania Railroad Specifications Steel Boiler Tubes and Safe Ends (Loco- 
motives).* (15) Feb. 

Note sur les Difficultés Raccordement d’Echange Matériel entre les 
Chemins Fer Voie Pellarin. (43) Nov. 

Etude Expérimentale Résistance Vive Traction des Attelages Wagons.* 
Ch. Frémont. (92) Nov. 

Note sur Tenue des Chaudiéres Locomotive Voie Etroite. Fermé. (37) 
Dec. 31. 

Bascule pour Pesage des Locomotives, Carl Schenck. (34) Jan. 

Note sur les Chemins Fer Occidentale Godfernaux. 
Jan. 

Electrique sur Nouveau Boulevard Lille-Roubaix-Tourcoing.* 
Bidault des Chaumes. (33) Jan. 

Locomotive Compound Bogies Moteurs Chaudiére Systéme 
Garratt des Chemins Fer Tasmanie.* (33) Jan. 
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Railroads, Street. 


Railless Electric Traction.* (10) Feb. 

Trackless Trolley Lines Austria.* (17) Feb. 

Paris and Its Tunnels.* (19) 

New Storage Battery Street Car.* (46) Feb. (17) Jan. 29. 

Chemin Fer Métropolitain Paris, Ligne No. Cours Vincennes 
Place d’Italie.* Hervieu. (35) Serial beginning Jan. 


Sanitation. 


Notes the Automatic Revolving Sewage-Distributors the Derby Sewage-Dis- 
posal Works.* Arthur Percy Maddocks, Assoc. Inst. (63) Vol. 178. 

Electricity Works and Refuse Destructors.* Robertson. (77) Dec. 

Ozone: Its Electrical Production and Use. Mabille. (26) Dec. 31. 

Steam-Heating Installation the Biology and Geology Building and the Viva- 
rium Building, Princeton University.* (70) Jan. 

Plumbing the New Carnegie Swimming Pool and Enclosing Building, Yale Uni- 
versity, New Haven, Conn.* (70) Jan. 

Formulas for the Capacity Tile Drains.* Hamilton. (Abstract paper 
read before the Amer. Soc. Agri. Engrs.) (86) Jan. 12. 

The Work Brick Masons Boston (Sewers). (14) Jan. 15. 

Sewage Disposal Works the Hospital.* (14) Jan. 15. 

Public Comfort Stations Newark, J.* (101) Jan. 15. 

Interesting Factory Ventilating Plant.* Coe. (101) Jan. 15. 

Central Steam Distribution from Hilltop; High-Pressure Steam Supplied the 
Numerous Scattered Buildings Johnson City, Tenn.* (101) Serial begin- 
ning Jan. 15. 

Remarkable Theatre Ventilating Plant.* (101) Jan. 15. 

Disposal Manufactural Wastes and Sewage Gloversville.* (14) Serial be- 
ginning Jan. 22. 

Sewer System for Kansas City, Mo.* Jean Bart Balcomb. (13) 
Jan. 

Sewage Disposal Works, Grand Canyon, Arizona.* (14) Jan. 29. 

Town Scavenging and Refuse Disposal. Hugh Watson, (60) Feb. 

Design and Construction Open Ditches Reduce Maintenance, with Descrip- 
tion Methods Maintenance and Some Costs. Cowan. (Paper read 
before the Ill. Soc. Engrs. and Survs.) (86) Feb. 

Methods Filtering Air. (Abstract report Amer. Soc. Heating and Ven- 
tilating Engrs.) (101) Feb. 

Dessiccation Rationnelle des Boues d’Egouts.* Bousquet. (34) Jan. 


Structural. 


The York Building. Corydon Tyler Purdy, Inst. (63) 
Vol. 178. 

Experimental Data Bearing upon Properties Materials Employed Reinforced 
Vol. 178. 

Experimental Data Regard Beams and Columns Reinforced Concrete. Ed- 
ward William Hollingworth, Assoc. Inst. (63) Vol. 178. 

Tests Cast Iron.* Adamson. (71) Vol. 80. 

The Action Air and Steam Pure Iron.* Newton Friend. (71) Vol. 80. 

The Corrosion Iron. Newton Friend. (71) Vol. 80. 

Reinforced Concrete.* Arthur Auden. (75) July, 1909. 

Unique Type Reinforced Concrete Construction.* Theodore Condron. (4) 
Dec. 

The Rolling Special Sections Iron and Steel.* Willis McKee. (4) Dec. 

The Heat Treatment Spring Steel.* Lawford Fry. (Paper read before the 
Inter. Assoc. for Testing Materials.) (47) Dec. 31. 

Study Rust-Preventing Paints for Metal Structures. Emil Camerman. (Paper 
read before the Inter. Assoc. for Testing Materials.) (47) Dec. 31. 

Resistance Steels Repeated Alternate Stresses.* James Howard. (Paper 
read before the Inter. Assoc. for Testing Materials.) (47) Dec. 31. 

New Cement Mill, near Montreal.* (12) Dec. 31. 

The Utilization Blast-Furnace Slag. Waterhouse. (67) Jan. 

Resistance Cements Sea-Water Increased Admixtures Puzzuolana. 
Feret. (Tr. Michaelis, Jr.) (67) Jan. 

Accelerated Method for the Determination the Resistance Hydraulic Cements 
Sea-Water. Feret. (Tr. Michaelis, Jr.) (67) Jan. 

The Use Concrete Wm. Hall. (3) Jan. 

The Flexibility Wire Ropes.* Chapman. (11) Jan. 

Tapering Concrete Chimneys.* (13) Jan. 13. 

The Rankine-Gordon and Euler’s Formule for Columns.* Lilly. (11) 
Jan. 14. 

The Grand Stand the Minnesota State Fair Grounds.* (14) Jan. 15. 

Economical Selection and Proportion Aggregates for Portland Cement Con- 
crete. Albert Moyer. (86) Jan. 19. 


*Tllustrated. 


= 
113 
Pus: 
+ 
f 
4 
‘ 
VE 


CURRENT ENGINEERING LITERATURE 


Structural—( Continued). 


Processes for the Preservative Treatment Timber and Approximate Costs 
Treatment. Shipley. (86) Jan. 19. 

Installation Cost Modern Steam Turbine Plant. (27) Jan. 20. 

Approximate Cost Mill Buildings.* Charles Main, Am. Soc. (13) 
Jan. 27; (14) Jan. 29. 

Economical Wood Preservation.* Robert Hays. (15) Jan. 28. 

Large Steel Frame Rolling Mill Building; Special Structural Features Re- 
cent Addition the Jones Laughlin Works.* (14) Jan. 29. 

Wood Preservation the Superficial Method.* (17) Jan. 29. 

Interlocking Steel and Concrete Pile Construction for Seawalls and Foundation 
Work.* (13) Feb. 

Treating Timber with Crude Petroleum. Marshall Taylor. (Abstract paper 
read before the Wood Preservers’ Assoc.) (13) Feb. 

Fabrication Sulfure Zinc son Utilisation dans les Travaux Peinture. 
Ach. Livat. (92) Nov. 

Applications des Méthodes d’Essais Modernes aux Alliages Cuivre. Léon Guillet 
Louis Révillon. (Paper read before the Inter. Assoc. for Testing Mate- 
rials.) Dee. 

Principes Généraux pour les Conditions Réception Cuivre. Léon Guillet. 
(Paper read before the Inter. Assoc. for Testing Materials.) (93) Dec. 
Rapports sur les Essais Métaux par Choc. Charpy. (Paper read before the 

Inter. Assoc. for Testing Materials.) (93) Dec. 

Phénoméne Durcissement des Agglomérants Hydrauliques Calcaires. 
Michaelis, Ainé. (From Revue des Matériaux Construction Travaux 
Publics.) (84) Serial beginning Dec. 


Fabrication Mécanique des Blocs Creux Mortier Ciment.* (84) Dec. 

Circulaire Ministérielle Novembre 1909 Relative aux Fournitures Ciments 
Chaux Hydrauliques. (84) Dec. 

Sur une Nomenclature Uniforme pour Fer Henry Howe Albert 


Sauveur. (Abstract paper read before the Inter. Assoc. for Testing Ma- 
terials.) (93) Jan. 


Topographical. 


Effect the Inclination the Stadia Rod upon Stadia Distances. Boris Levitt. 
(6) Nov. 


Water Supply. 


Concrete and Masonry Dam-Construction New South Wales.* Leslie Augustus 
Burton Wade, Inst. (63) Vol. 178. 

“White from the Kirkland. (98) Nov. 

The Susquehanna River Source Power.* Mason Pratt. (98) Nov. 

New York City Water Supply.* William Brush. (28) Dec. 

Ground Waters Sources Public Water Supplies. William Johnson. 


Dec 
Report the Committee the Depth Laying Water Pipe (New England Water- 
Works Assoc.) (28) Dec. 


Evaporation from Water Surfaces. Sidney Lowcock, Inst. (Abstract 
paper read before the Assoc. Water-Works Engrs.) (66) Jan. 

McCall Ferry Hydro-Electric Station.* Prime Kieffer. (11) Jan. 

The Failure Concrete Dam Dansville, (13) Jan. 13. 

The Water Supply Problem Montreal.* George Janin. (96) Jan. 14. 

Inclined Diamond Drill Borings under the Hudson River.* (14) Jan. 15. 

The Water Purification Works Cafion City.* (14) Jan. 15. 

Multiple Arch Dam.* (14) Jan. 15. 

Automatic Fire Pump with Independent Water Supply.* (14) 15. 

Earth and Rock Fill Dam with Concrete Core Wall, Patillas Irrigation Project, 
Porto Rico.* (86) Jan. 19. 

The Great Chaudiere Dam, Ottawa, Ontario.* Douglas McLean. (96) Jan. 


Hull’s Power House.* Farley. (96) Jan. 21. 

Progress the Ashokan Reservoir.* (14) Jan. 

The Water Supply System Cheyenne, Wyoming.* (14) 22. 

The Deep Well System Water Supply for South Bend, Ind. Alonzo Ham- 
mond. (Abstract paper read before the Indiana Eng. Soc.) (13) Jan. 27; 
(14) Jan. 29. 

The Water Antecedent Filtration.* Walter Clemence, Mech. 
(11) Serial beginning Jan. 28. 

The Design Pressure Tunnels the Catskill Aqueduct. (14) Serial beginning 


an. 29. 
The Character Stream Pollution Affecting Purification Plant Design. 
Jordan. (Paper read before the Ind. Eng. Soc.) (60) Feb. 
Design and Method Constructing Reinforced Concrete Aqueduct Lining, with 
Some Data Costs. (86) Feb. 
Recent Records High- ‘Duty Works Pumping Engines.* Feb. 
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Water Supply—(Continued). 


Pigeon Lake Gravity Water Supply.* Seymour. (Paper read before the 
Edmonton Eng. Soc.) (96) Feb. 


The Maiden Creek Filters, Dam and Conduit Reading.* (14) 
Valuation Water Power. (14) Feb. 


Waterways. 


The Chicago Harbor.* John Ewen. (4) Dec. 
Recent Improvements Scarborough Harbour.* (12) Dec. 31. 
The Reservoir Possibilities the Sources the Mississippi and Tributaries 


the Upper Mississippi River with Reference the Improvement Navigation.* 
Charles Durham. (13) Jan. 20. 


The New Naval Dover.* (46) Jan. 22. 


Methods and Cost Constructing Concrete Lock and Timber Crib Dam with 
Structures, Employing Day Labor. (86) Serial beginning Jan. 


Evaporation from Water Surfaces. Sidney Lowcock, Inst. (Abstract 
paper read before the Assoc. Water-Works Engrs.) (66) Jan. 

The Reconstruction the Tyne North Pier.* (12) Jan. 28; (11) Jan. 28. 

Substructure Pier Boston Terminal, Boston Albany (14) Jan. 29. 

Congrés International Navigation tenu Saint-Pétersbourg 1908, Rapport 
des Délégués Francais sur les Travaux Congrés, Section, Navigation 
Maritime. Babin, Lahaussois, Batard-Razeliére, Ducrocg. (43) Nov. 

Port Havre.* Guiffart. (33) Serial beginning Jan. 15. 


Illustrated. 
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131 
Membership (Additions, Changes Address, and Deaths) 


MINUTES MEETINGS 
THE SOCIETY 


February 16th, 1910.—The meeting was called order 8.30 
Vice-President George Pegram the chair; McMinn, 
Assistant Secretary, acting Secretary; and present, also, 148 mem- 
bers and guests. 

paper George Gray Anderson, Am. E., entitled 
“The Effect Alkali Concrete,” was presented the Assistant 
Secretary, and the subject was discussed Messrs. Rudolph Hering, 
and Davis. Written discussions from Messrs. Thomas Means, 
Robertson, Hart, and Philo Bates, were read title. 

paper John Hawkesworth, Am. Soc. E., entitled 
“Precarious Expedients Engineering Practice,” was read title, 
and discussed Stern, Am. Soc. Written discussions 


from Messrs. Crosby, Branne, and Andrews Allen were 
read title. 
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The Assistant Secretary announced the following deaths: 


Fiske elected Member September 1st, 1880; died 
February 6th, 1910. 


JOHN JOSEPH. Horan, elected Associate Member October 1908 
died November 9th, 1909. 


Henry Cyprian elected Associate Member September 
4th, 1901; Member October 3d, 1905; died December 9th, 1909. 


elected Member February 2d, 1887; 
died February 7th, 1910. 


Adjourned. 


March 2d, 1910-—The meeting was called order 8.30 M.; 
James Owen, Am. Soc. E., the chair; McMinn, Assistant 


Secretary, acting Secretary; and present, also, 140 members and 
guests. 


The minutes the Annual Meeting, January 19th, and the meet- 


ing February 2d, 1910, were approved printed Proceedings 
for February, 1910. 


The Assistant Secretary read the following letter from the Colorado 
Association Members the American Society Civil Engineers: 


February 15th, 1910. 
“Mr. Warren Secretary, 
“American Society Civil Engineers, 
“920 West 57th Street, 
“New York. 


“Dear the February meeting our Association, motion 
was presented and adopted the effect our Association take the 
initiative asking the Society appoint standing committee 
Wood Preservation. 

“As none our members are likely attend any regular meeting 
the Society the near future, would pleased have you arrange 
for presenting the following motion its equivalent the next meet- 
ing the Society: 


“That the Board Direction requested appoint committee 
nine investigate and report the ‘Preservation Wood.’ 


“Our argument supporting this motion follows: 

committee the Society was appointed for this purpose 1880 
and reported 1885. Their report was that time, and probably 
still, the most comprehensive publication the subject. Since 1885, 
there have been advances the art wood preservation. Many 
experiments have been made, but the data resulting from the experience 
and the experiments the last twenty-five years have not been corre- 
lated and published way make them available engineers. 

“Trusting that you will have this matter presented the Society, 
and that will result the appointment committee, am, 

“Yours very truly, 
Burt, 
“Secy.-Treas.” 
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was moved that Special Committee appointed (as provided 
for Article VI, Section 12, the Constitution) investigate and 
report the preservation wood. 

The motion, being duly seconded, was adopted vote more 
than twenty-five Corporate Members. 

paper John Gregory, Am. E., entitled “The 
Improved Water and Sewage Works Columbus, Ohio,” 
sented the author and illustrated with lantern slides. 

The paper was discussed Messrs. Alexander Potter, Kuich- 
ling, Gavin Taylor, Allen Hazen, and William Fuller. Written 
discussions from Messrs. Joseph Ellms, Julian Griggs, 
Winslow, Scott and McDowell, Samuel Tobias Wagner, 
Hoover, and Corbett were read title. 

The Assistant Secretary announced the election the following 
candidates the Board Direction March 1910: 


ABRAHAM Bruner, Roanoke, Va. 

Estep, Cleveland, Ohio. 
Culebra, Canal Zone, Panama. 

Raymer, Pittsburg, Pa. 
JAMES Scuick, Va. 

CHARLES SILLIMAN, Roanoke, Va. 


MEMBERS. 


St. Louis, Mo. 
Montreal, Que., Canada. 
Forp, Little Rock, Ark. 

THEODORE GREEN, Chicago, 

Frank New York City. 

Morton SANBORN, Newton, Mass. 

Harvey ScHERMERHORN, Waterford, 

Victor Philadelphia, Pa. 

Martin New York City. 

Culebra, Canal Zone, Panama, 
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Juniors. 


Booker Huntsville, Ala. 
Parker Davis, Ithaca, 

ALLEN Stewart Davison, Pittsburg, Pa. 

Max New York City. 

Harry Crocker New York City. 
Myron Denver, Colo. 

Frank Seattle, Wash. 
Harry Toledo, Ohio. 
Frank Marston, Roxbury, Mass. 
Day Ira St. Louis, Mo. 

Ernest Ramser, Brooklyn, 
JAMES Jr., Chicago, 
Brewster Stanton, Hamilton, Ohio. 
New York City. 

Harry Winsor, White Plains, 


The Assistant Secretary announced the transfer the following 


candidates the Board Direction March 1st, 1910: 


Harry Baltimore, Md. 

Ora Miner Ithaca, 

MacGrecor, New York City. 
Davis Unter, Baltimore, Md. 
Watson New York City. 
Harry New York City. 
Puaro Roanoke, Va. 


From Junior MEMBER. 


James Evans Cincinnati, Ohio. 
Roy Salt Lake City, Utah. 
Day, San Francisco, Cal. 
Henry Montrose, Colo. 


a 


Leroy Huser, San Francisco, Cal. 
Irvin San Francisco, Cal. 
Ryan, Cannon Ball, Dak. 


From Junior ASSOCIATE. 


Ray, New York City. 


The Assistant Secretary announced the death 
elected Associate Member June ist, 1909; died February 14th, 1910. 


Adjourned. 


THE BOARD DIRECTION 
(Abstract) 


March 1910.—President Bensel the chair; Chas. Warren 
Hunt, Secretary, and present, also, Messrs. Andrews, Belknap, Kim- 
ball, Loomis, Loweth, Macdonald, Pegram, Schneider, Thompson, and 
Wilkins. 

The following resolution was unanimously adopted: 


“Resolved that the Board, Direction heartily approves and 
endorses the action taken recent meeting members the 
Society appointing committee consisting Charles Macdonald, 
Alfred Noble, William Burr, Stearns, and Samuel Whinery, 
with the object urging suitable recognition Civilian Engineers 
employed River and Harbor Works, the proposed legislation 
providing for increase the Engineer Corps the Army.” 


Ballots for Membership were canvassed resulting the election 
Associate Members, and Juniors, the transfer 
Associate Members the grade Member, Associate the 
grade Associate Member, Juniors the grade Associate 
Member, and Junior the grade Associate. 

Applications were considered, and other routine business trans- 
acted. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


MEETINGS 


April 6th, 1910.—8.30 papers will presented for 
discussion, follows: “The New York Tunnel Extension the 
Pennsylvania Railroad: The Terminal Station-West,” Cres- 
son, Am. E.; and “The New York Tunnel Extension 
the Pennsylvania Railroad: The Bergen Hill Tunnels,” Lavis, 


These papers were printed Proceedings for February, 1910. 


April 1910.—8.30 M.—At this meeting paper Her- 
bert Wilson, Am. E., entitled, “Federal Investigations 
Mine Accidents, Structural Materials, and Fuels, the United 
States Testing Station, Pittsburg, Pa.” 

This paper was printed Proceedings for February, 1910. 


May 4th, 1910.—8.30 M.—Two papers will presented this 
meeting, follows: “The Water Supply the Paso and South- 
western Railway, from Carrizozo Santa Rosa, Mex.,” 
Campbell, Am. Soe. E.; and “The New York Tunnel Ex- 
tension the Pennsylvania Railroad: The Site the Terminal 

These papers are printed this number Proceedings. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price 
numbers, $1. 

Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 
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MEETINGS THE SAN FRANCISCO ASSOCIATION 
MEMBERS, AM. SOC. 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet 
and weekly informal luncheons. The former are held the 
Fairmont Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Am. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly 
volume. 

All papers the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 


Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 


Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
England. 


Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 
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Koninklijk Instituut van The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 


Sociedad Colombiana Ingenieros, Bogota, Colombia. 
Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, 
London, England. 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
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books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


Colorado Association 
(Abstract Minutes Meeting) 


February 12th, 1910.—The regular meeting the Colorado Asso- 
ciation Members, Am. E., was order 8.30 M.; 
President Crocker the chair; Burt, Secretary; and 
present also members and guests. 

The minutes the January meeting were read and approved. 

The President appointed the following Committee Legislation: 
George Anderson, Chairman, Comstock, James Maloney, 
Herbert Cowan, John Field, and Ketchum. 

paper “The History and Development the Preservation 
Wood” was presented Walter Buehler, Am. E., and the 
subject was discussed Messrs. Toll, Sumner, Vincent, Ulrich, Betts, 
Riley, and others. 

motion was presented and adopted that the Colorado Association 
take the initiative requesting the Board Direction the Society 
appoint Special Committee Preservation Wood. 


Adjourned. 


Proceedings, Vol. XXXIII, (January, 1907). 
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ACCESSIONS THE LIBRARY 
(From February 8th March 7th, 1910) 


DONATIONS* 


THE THEORY AND PRACTICE MODERN FRAMED STRUCTURES. 


Designed for the Use Schools and for Engineers Professional 
Practice. Johnson, Bryan, Am. Soc. E., and 
Turneaure, Assoc. Am. Soc. Part Stresses Simple 
Structures. Ninth Edition, Rewritten. Cloth, illus., 


328 pp. New York, John Wiley Sons; London, Chapman Hall, 
Limited, 1910. $3.00. 


preparing this edition the authors, stated, have decided issue 
three parts and adopt the octavo size, the belief that this arrangement will 
make the work more convenient textbook and more useful reference 
book. Part treats structures, including beams and trusses; Part 
will treat structures requiring higher methods analysis, such swing 
bridges, arches, suspension and cantilever bridges, and will include comprehen- 
sive treatment secondary stresses; Part III will devoted the subject 
design. The material the present volume, which covers Chapters VII and 
Chapter the old edition, has been rewritten and enlarged. The plan 
carrying the graphical and algebraic methods along together has been fol- 
lowed with more attention graphical processes. this edition the plus sign 
used for tension and the minus sign for compression. The contents are: Defi- 
nitions and Historical Development; Elements the Analysis Framed Struct- 
ures; Analysis Roof Trusses; Analysis Bridge Trusses for Uniform Loads; 
Analysis Bridge Trusses for Concentrated Loads; Lateral Trusses, Trestles and 
Towers; Deflection Structures and Stresses Redundant Members; Index. 


THE PROTECTION RAILROADS FROM OVERHEAD TRANSMISSION LINE 
CROSSINGS. 


York, Van Nostrand Company, 1909. $1.50. net. 


The protection railroad property and the lives railroad employees over- 
head crossings high-tension lines: stated the subject considered this 
volume. The subject-matter was arranged for presentation before the Association 
Railway Telegraph Superintendents its Annual Meeting 1908, but was 
not completed time, and is, therefore, issued this form. The author states 
that has treated the subject outlining form specification which will 
cover the general principles involved, the materials used, and the types 
construction, without going into details pertaining individual crossings. The 
Contents are: Protection Life and Property Railroads; What the Dangers 
Are; Effects the Failure High-Tension Transmission Line Railroad 
Crossing; Examples High-Tension Practice Line Construction; Failures 
High-Tension Lines; Screen Protection; Bridge and Catenary Types Rein- 
forced Crossing; Underground Crossings; Discussion Proposed Type Cross- 
ing; Typical Crossing. 


ELECTRIC WAVES. 

Advanced Treatise Alternating-Current Theory. William 
Suddards Franklin. Cloth, illus., 315 pp. New York, 
The Company; London, Co., Ltd., 1909. 
$3.00 net. 


The author states that most important for the operating engineer 
familiar with the physics machines, the object this treatise develop the 
physical conceptual aspects wave motion, that is, much waves 
and that, with the exception the theory coupled circuits and resonance, 
believed that the “how much” aspect the subject also developed extent 
commensurate with obtainable data and the results derived from them. While 
this treatise stated complete both mathematically and physically, far 
goes, the student referred other works for the more elaborate mathe- 
matical developments. Chapters treat electric waves, with special 
reference the phenomena transmission and telephone lines; Chapter VII 


Unless otherwise specified, books this list have been donated the pub- 
lisher. 
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brief discussion electric-wave telegraphy; and Chapters VIII and treat 
unharmonic electromotive forces and currents with respect the behavior 
commercial types alternating-current machinery. The attention the student 
particularly called the importance Chapter VI, especially part which treats 
scalar and vector fields. The Contents are: Introduction; Part Electric Waves; 
Part II, Non-Harmonic Electromotive Forces and Currents; Appendix Induct- 
ance and Capacity Transmission Lines; Appendix Electromagnetic and Elec- 
trostatic Systems Units; Appendix Problems; Index. 


FOWLER’S ELECTRICAL ENGINEER’S POCKET BOOK, 


Edited William Fowler. Tenth Annual Edition. Leather, 
lishing Company, 1910. shillings pence. 


The subject-matter this Pocket Book stated have been carefully re- 
vised and brought date and abreast with current practice. The Contents 
are: Miscellaneous Tables, etc.; Wire Tables; Magnetism and Magnetic Data; 
Conductors and Insulating Materials; Electric Lighting and Wiring; Comparison 
and Measurement Resistances; Electrical Measuring Instruments; Electricity 
Meters; Primary and Secondary Batteries; Dynamos and Motors; Alternate Elec- 
tric Currents; Alternators; Transformers; Alternate Current Motors; Switch- 
boards, Circuit Breakers, and Lightning Arresters; Electrical Power Transmis- 


sion and Distribution; Rotary Converters; Electric Traction; Rules and Regu- 
lations. 


FOWLER’S MECHANICAL ENGINEER’S POCKET BOOK, 
Edited William Fowler. Twelfth Annual Edition. Leather, 


lishing Co., 1910. shillings pence. 


this edition revision all the data has been made, stated, and the 
sections dealing with mining machinery and appliances, and the metallurgy 
iron and steel, have been rewritten and enlarged. The Contents are: Miscel- 
laneous Tables and Formule; Steam Boilers and Fittings; Fuels and Combus- 
tion; Steam Engines; Steam Turbines; Locomotives; Steam Tables; Valves and 
Valve Gear; Gas Engines; Gases Used Gas Engines; Oil Engines; Hydraulics; 
Pumps and Pumping Arrangements; Gearing and Lubrication; Hoisting and Lift- 
ing Machinery; Mining Machinery and Appliances; Metallurgy Iron and Steel; 
Strength Metals and Alloys; Beams and Pillars; Springs; Chemistry; Ventila- 
tion and Heating. 


THE ENGINEERING INDEX ANNUAL FOR 1909. 


Compiled from the Engineering Index Published Monthly the 
Engineering Magazine During 1909. Cloth, in., 471 pp. New 
York and London, The Engineering Magazine, 1910. $2.00. 


The preface states that with this volume The Engineering Index, contin- 
uous index the engineering and technical literature for the past twenty-six 
years made available. order collate the entire literature one subject 
and assemble one place, the articles are arranged divisions, viz.: Civil 
Engineering, Engineering, Industrial Economy, Marine and Naval 
Engineering, Mechanical Engineering, Mining and Metallurgy, Railway Engineer- 
ing, and Street and Electric Railways. Under these headings they are grouped 
according the special divisions each field, the final arrangement under each 
section being alphabetical. this edition stated that the classifications have 
been somewhat amplified and made more distinct, cross-references having been 
freely used. Serial articles are indexed the appearance the first installment 
only except cases articles two three installments, which are indexed 
entire. The list periodicals indexed comprises about 250 publications, represent- 
ing nations and colonies, and languages. brief descriptive note given 
with every entry, defining the scope and purport the article. 
the Index intended for use guide the information contained files 
engineering periodicals. 


Gifts have also been received from the following: 


Albany, Y.-City Engr. pam. Am. Ry. Assoc. pam. 

Alexandra (Newport and Southend) Am. Soc. Mech. Engrs. bound vol. 
Docks Ry. Co. pam. Asbury Park, J.-Dept. Water and 

Am. Electrochemical Soc. pam. Sewers. pam. 

Am. Inst. Chemical Engrs. bound Inst. Min. Engrs. 


vol. vol. 
Am. Locomotive Co. pam. Baker Street Waterloo Ry. Co. pam. 


Gi 


Baltimore Ohio Co. pam. 

Binghamton, Y.-Board Water 
Commrs. pam. 

Boston, Mass.-Special Comm. 


Collection and Disposition Gar- 
bage and Offal. bound vol. 
Y., Public Library. 


Rys. Co. pam 

Canada-Dept. ‘and Canals. 
pam., vol. 

Canada-Geol. Survey Branch. vol. 

Central London Ry. Co. 


Co. 

pam. 

Compagnie Lomami. pam. 

Cornell Univ. Library. pam. 

Danvers, Mass.-Water Commrs. 
pam. 

Deutsch-Amerikanischer Techniker-Ver- 
band. 


pam. 
Club Cincinnati. 


bound 

vol. 

Fall River, Mass.-Watuppa Water Board. 
pam. 

Ferrocarriles Nacionales Mexico. 
pam. 

Furness Ry. pam. 

Geographical Soc. Philadelphia. 


pam. 
Great Central Ry. Co. pam. 
Great Northern City Ry. Co. 


pam. 
Great Northern, 


Piccadilly Brompton 


Co. pam. 
Great Ry. Co. (Ireland). 
Green, Alice pam. 
Hull Barnsley Ry. Co. pam. 
Huttern, Johann. pam. 
Illinois-State Highway Comm. pam. 
Inter. Assoc. for the Prevention’ 
Smoke. pam. 
Iowa-Auditor State. bound vol. 
Iron and Steel Inst. bound vol. 
Junior Institution Engrs. bound 


vol. 
Lake Mohonk Conference Friends 
the Indian and other Dependent Peo- 


ples. pam. 
Lake Superior Min. Inst. pam. 
Leisen, Theodore bound vol. 
Liverpool Eng. Soc. bound vol. 


Liverpool Overhead Ry. Co. pam. 
London, Ont.-Board Water Commrs. 
pam. 
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London, Tilbury Southend Ry. Co. 
pam. 
Mass. Inst. Tech. 


pam. 
pam. 
Met. West Side Elev. Ry. Co. pam. 
Midland Ry. Co. pam. 
Modjeski, Ralph. vol. 


New York-State Museum. bound vol. 
New York State-Public Service Comm., 
First Dist. bound vol., vol. 
New York State-Public Service Comm., 

Second Dist. bound vol. 
New York City-Visiting Committee 


the State Charities Assoc. pam. 
New York Univ. vol. 
North London Ry. Co. pam. 
North Staffordshire Ry. Co. pam. 
Northampton, Mass.-Board Water 
Commrs. pam. 
Ontario, Canada-Bureau Mines. 
bound vol. 


Panama Co. pam. 

vol. 

Pa.-Dept. Public Works. 


Polytechnic Inst. Brooklyn. 
Rhymney Ry. pam. 

Royal Philosophical Soc. Glasgow. 


Public 


pam. 


pam. 
Saskatchewan, Canada-Dept. 


Works. pam. 
Schiffbautechnische Gesellschaft. 
bound vol. 
Soc. Naval Architects and Marine 
Engrs. pam. 


Taff Vale Ry. Co. pam. 


Taunton, Mass.-Water Commrs. pam. 


and Train Control 
Board. pam 

S.-Coast and Geodetic Survey. 
pam. 

-Geol. Survey. pam. 

Survey Office. map. 

vol. 

Museum. bound vol. 

S.-Weather Bureau. pam. 

Wauters, Carlos. vol. 

Woolson, Ira pam. 

Yale Univ. pam. 


Deutsche Sach-Register die 1867-1900. 


2v. Carl Beelitz, Berlin, 187 
Berlin, 1903. 


gen der Technik. Dr. 


Deutsche Bauzeitung, H., 


Theorie der Elasticitat und Festigkeit mit Bezug auf Ihre Anwendun- 


Grashof. Second Edition, Revised 


and Enlarged. Rudolph Gaertner, Berlin, 1878. 


Abwasserbeseitigung von Gewerben und Gewerbereichen 


unter Englands. 


August Hirschwald,-Berlin, 1909. 


Albert Schiele. 
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Chancery New Jersey, Between Mayorand Aldermen Jersey 
City, Complainants, and Jersey City Water Company, Defendant. Vols. 
11, 12,and Appendix. Press-Chronicle Company, Paterson, J., 1909. 


Beton-Kalender, fiir Beton Eisenbetonbau 
sowie die Verwandten Wilhelm Ernst 
Sohn, Berlin, 1909. 


Handbuch fur von von Emperger. 
Vol. Wilhelm Ernst Sohn, Berlin, 1907-08. 


Oldenbourg, Miinchen und Berlin, 1909. 


Elements Machine Design. Part Cawthorne-Unwin. 
New Edition, Revised and Enlarged. Longmans, Green Co., London, 
New York, Bombay and Calcutta, 1909. 


Laboratory Notes Iron and Steel Analyses. Walter Macfar- 


lane. Longmans, Green Co., London, New York, Bombay and 
Calcutta, 1909. 


Technical Dictionary Six Languages: English, German 
French, Russian, Italian, Spanish. Edited Alfred Schloman. 
5-6. McGraw-Hill Book Company, New York, 1909. 


Steam Power Plant Piping Systems: Their Design, Installation, and 


Maintenance. William Morris. Book Company, 
New York, 1909. 


Theoretical Elements Electrical Engineering. Charles Proteus 
Third Edition. McGraw-Hill Book Company, New York, 
09. 


The Cost Mining: Exhibit the Results Important Mines 


Throughout the World. James Ralph Finlay. McGraw-Hill Book 
Company, New York, 1909. 


The Modern Gas-Engine and the Gas-Producer. Levin. 
John Wiley Sons, New York; Chapman Hall, Limited, London, 1910. 


Linseed Oil and Other Seed Oils: Industrial Manual. William 
Ennis. Van Nostrand Company, New York, 1909. 


Hydraulic Tables and Diagrams for Practical Engineers. ff. 
Garrett. Longmans, Green Co., London, New York, Bombay and 


Calcutta, 1909. 
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MEMBERSHIP 


ADDITIONS 
(February 8th March 8th, 1910.) 
MEMBERS 


BRUNER, ABRAHAM. Asst. Engr., Dept., Eastern 


Dist., Norfolk West. Ry., Care, Norfolk West. 
Ry., Roanoke, 


CUDDEBACK, ALLAN WINTER. Engr. and Supt., Assoc. 


Passaic Water Co., Paterson, J.... 


Asst. Chf. Engr., Board 
Service, 305 City Hall, Cleveland, Ohio...... 
FaRLEY, PHILIP Pres., Jamaica Bay Jun. 
Impvt. Comm., 180 Montague St. (Res., 
194 McDonough St.), Brooklyn, Y... 
Gove, WILLIAM GRANVILLE. Supt. 


ment, Brooklyn Rapid Transit System, 


Clinton St., Brooklyn, 
JAUDON, HENRY Cons. Engr., Savan- 
nah Water-Works System, Box Assoc. 
LANE, Harry Asst. Chf. Engr., 


LANT, FRANK Parsons. Lawyers Eng. 


Surv. Co., 135 Broadway, New York City... 
LEE, FRANCIS VALENTINE Asst. Gen. Mgr. and 
Chairman, Eng. Committee, Gas and Elec. 
Co. and San Francisco Gas and Co., San 
Francisco, Address, 59th St., East College 


LELAND, Asst. Prof., Coll. Civ. 


Eng., Cornell Univ., and Chf. Party Assoc. 


Alaskan Boundary Comm., 
ATHOLE. Asst. Engr., 
Bureau Highways, Borough The Assoc. 
Bronx (Res., 2428 Lorillard Pl.), New 
Lorentz. Care, Ernest Flagg, Wall 
St., New York City 


Mason, Prof. Chemistry, Rensselaer 
Polytechnic Inst., and Water Specialist, Troy, 
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Feb. 1910 
Feb. 1904 
1910 
Feb. 1903 
Feb. 1910 
Feb. 1905 
Mar. 1910 
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Feb. 1910 
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1910 
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MEMBERS (Continued). 
MEEM, STEPHEN Civ. and Min. Engr. (Meem 
WILLIAM Gen. Supt. Constr. and 
Engr. with Charles Wills, 156 Fifth Ave., 
SHEPHERD, FRANK CUMMINGS. Constr. Supt., Assoc. 
SHERMAN, CLAYTON. Engr., 
Isthmian Canal Comm., Culebra, Canal Assoc. 


TAYLOR, GORHAM Engr.’s Office, Duluth, 
Minn 


Chf. Engr., Clinchfield Coal 
VREDENBURGH, WATSON, JR. Cons. 


specting Engr. (Hildreth Co.), 135 


Broadway, New York City............ 
WHEELER, Harry Engr.-in-Chg., and Jun. 
Secy., Henry Steers, Inc., Battery Assoc. 
folk Western Ry. Co., Roanoke, Va. 


ASSOCIATE MEMBERS 


ADAMS, CHARLES With Robert Follansbee, Engr., 
Geological Survey, Old Capitol Bldg., St. 


AEGERTER, ALBERT AUGUST. Care, Groves, 501 
Stock Exchange Bldg., St. Louis, Mo.............. 
ANDERBERG, Asst. Barge Jun. 


Canal Offiee, Lockport, Y......... Assoc. 


JAMES Evans. Engr. with Bureau 
Municipal Research, 911 Neave Bldg., 


Cincinnati, Ohio Assoc. 


City Engr., 231 South 4th St., 
(Beale Meigs), Washington Loan 
Trust Bldg., Washington, C.................. 
CHANDLER, Prof. Mathematics, State 
Univ. North Dakota, University, Dak......... 
Atvin Asst. Prof. Ry. Eng., Univ. 
Minnesota, Minneapolis, 
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Date 
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Feb. 1910 
Feb. 1910 
Feb. 1910 
Oct. 1904 
Feb. 1910 
Jan. 1906 
Feb. 1910 
Feb. 1910 
Nov. 30, 1909 
Mar. 1901 
Mar. 1910 
April 1888 
May 1892 
Mar. 1910 
Oct. 1903 
Mar. 1910 
Feb. 1910 
Mar. 1910 
Mar. 1907 
Mar. 1910 
Sept. 1906 
Mar. 1910 
Mar. 1910 
1909 
Feb. 1910 
Feb. 1910 
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ALBERT Inspecting Engr., 
Isthmian Canal Comm. (Res., 1627 Lamont St., 


DUNCAN, JAMES HARPER. Searsport, Me.... 


Harry Chf. Engr., Rodgers 
Hagerty, Gen. Contrs., 417 West 150th Jun. 


New York City Assoc. 


Cons. Engr. (Lazarus, 
Whithouse Fouilhoux), Portland, Ore........... 

Frew, ARCHIBALD JOHN RUSSELL. Engr. Constr. 
Section The Chilagoe-Etheredge Ry., Malloy, 
North Queensland, 

Hoop, Res. Engr. for Hardaway, 

Civil, General Obras Jun. 
Publicas, Santo Domingo, Santo Assoc. 

INSLEY, WILLIAM Cons. Engr.; Gen. Mgr., The 
Insley Mfg. Co., Indianapolis, Ind................ 


Eng., Coll. Eng., Northwestern Univ.; 


Address, 808 Hamilton St., Evanston, 


LANAGAN, Ray. Deputy City Engr. Jun. 


(Res., 273 Hamilton St.), Albany, Assoc. 


Ross LeHunt. Engr. Office, Sault Ste. 
MARSHALL, URBAN SERENUS. Engr. the Colusa County 
Highway Comm.; City Engr., Box 96, Roseville, 
Chf. Engr., Panama Co., Cristo- 
bal, Canal Zone, Panama 


Moritz, Ernest Sunnyside, Wash. 


NEwELL, Asst. Engr., Constr. Salmon River 
City Engr., 608 Olive St., Leavenworth, 
SANBORN, Morton FRANKLIN. Asst. Engr., Charles River 
Basin Comm. Massachusetts, Baldwin St., 
SAUNDERS, WALTER BowEN. Care, Byllesby Co., 
218 Salle St., Chicago, 


Assoc. 
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Feb. 1910 
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Feb. 1908 
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ASSOCIATE MEMBERS (Continued). 


SCHERMERHORN, Asst. Res. Engr., Residency 


No. Erie Canal, Waterford, Y................. 
SLATTERY, LAWRENCE Asst. Engr. with 
Asst. Engr., Board Water 
Supply New York City, 299 Broadway, New 
CHARLES Asst. Engr., Cape Cod Canal, 
WILcox, CLARK The Pitt 
Constr. 821 Fulton Bldg., 
mation Service, Las Cruces, 


ASSOCIATES 
CURREY, JESSE ALBERT. Northwest Mgr., Trussed Concrete 
Steel Co., 1007 Board Trade, Portland, Ore 
Mechanics, Coll. the City New York 


(Res., 2273 Creston Ave., Bronx), New Assoc. 
Ryan, LAURENCE Contr. (T. Ryan Co.), 

4047 Kenmore Ave., Chicago, 
ALBERT. Cons. Chemist The Texas Co., 
Battery New York City 


JUNIORS 
Asst. Engr., Bureau Public 
Works, Manila, Philippine Islands................ 
ACKEMANN, Henry Bridge Insp., Illinois State 
Highway Comm., 110 Hill St., Elgin, 
Atwoop, Draftsman for The Conrad Land 
WILLIAM WALTER. 399 Lexington St., Waltham, 
Brown, Asst. Engr., Bureau Public 
Works, Manila, Philippine Islands................ 


AMASA MANTON. Bay View Ave., Newport, 


DENNIE, FRANK Epwarp. Univ. Missouri School 
Mines and Metallurgy, Rolla, 
Supt., The Morenci Water 
Hazen, Asst. Engr., Bureau Public 
Works, Manila, Philippine Islands................ 
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Mar. 1910 
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Mar. 1910 
1910 
Feb. 1910 
1902 
Mar. 1910 
Aug. 31, 1909 
Feb. 1910 
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Feb. 1910 
Feb. 1910 
Feb. 1910 
Oct. 1909 
Oct 1909 
Oct 1909 
1910 
Nov. 30, 1909 
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(Continued). Date 
Membership. 
Harry Crocker. Draftsman, Public Service 

Comm., First Dist., 154 Nassau St. (Res., West 

Norwoop, Atva. Mason St., Medford Hillside, 

PaRET, JOHN WALDO. With Wichita Falls and Northwest- 

PATERSON, CHARLES JUDSON. Box 982, Oklahoma, Okla... Feb. 1910 
Gatun, Canal Zone, Panama........ Jan. 1910 
SIELING, Louis 539 Linwood Brooklyn, Y... Feb. 1910 


TRASK, WARREN Draftsman with The Conrad 

JAMES Draftsman with Field, Fellows 

Hinderlider, 435 New Century Bldg., Denver, 


Care, Office Public Roads, Washing- 


Rodman, Board Water Supply 
New York City, 137 South Broadway, White 


CHARLES WILLIAM. Cons. Engr., Room 420, 


CHANGES ADDRESS 
MEMBERS 


BAKENHUS, REUBEN Civ. Engr., N., Naval Stations, 
Cavite and Olongapo, Philippine Islands. 

BLAKE, CARROLL. Care, The Fred Jones Co., Houston, Tex. 

JoSIAH ACKERMAN. Cons. Engr., 150 Nassau St., New York City. 

BROWNELL, Henry. Civ. Engr., N., Care, Bureau Yards 
and Docks, Navy Dept., Washington, 

CHAMBERS, FRANK Navy Yard, Mare Island, Cal. 

CHITTENDEN, Brig.-Gen. (Retired), 124 Fifteenth 
Ave. N., Seattle, Wash. 

ELMER LAWRENCE. 149 Broadway, New York City. 

Mfg. Dept., Union Oil Co. California, 
Mills Bldg., San Francisco, Cal. 

Forp, Porter 443 Church St., Richmond Hill, 

Heprick, GRANT. Cons. Engr., 1118 McGee St., Kansas City, Mo. 

Hydr. Engr., “Trianon” Ave. Juste Olivier, 
Lausanne, Switzerland. 
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MEMBERS (Continued). 


KENNEDY, JAMES HENRY. 


Asst. Chf. Engr., Vancouver, Victoria 


Ry. Nav. Co., Ry. Depot, Vancouver, C., Canada. 
Lewis. Engr., W., National Railways Mexico, Buena- 
vista (Res., Liverpool No. Mexico City), Mexico. 
CHIRANJI. Head Master, Govt. School Engrs., Punjab, Nila 
Gumbad, Haveli Mool Chand Merchant, Lahore, Punjab, India. 
Philippine Islands. 
Paut Lyon. Civ. Engr., N., Bureau Yards and Docks, 
Washington, 
ScoFIELD, GLENN 


Cons. Engr., 1324 Arcade Bldg., Philadelphia, Pa. 


The Bergen Point Iron Works, Foot West 5th St., 
Bayonne, 


STEECE, EMMET ABNER. Supt. Constr., 
ville, Ark. 
TEMPLE, JOHN CHARLES. 

Bldg., Chicago, 
THOMSON, ERNEST BURSLEM. 
land, Ore. 
WAUTERS, CARLOS. 
public. 
WINSLOW, BENJAMIN EMANUEL. 
Chicago, 
ANDREW 184 Salle St., Chicago, 


ZESIGER, ALBERT WILLIAM. Care, William Evers Eng. Co., The Arcade, 
Cleveland, Ohio. 


Public Bldgs., Fayette- 


Care, Morgan Smith, 644 American Trust 


Asst. Engr., Engr. Office, Port- 


Avenida Mayo, 878, Buenos Aires, Argentine Re- 


Structural Engr., 1527 California Ave., 


ASSOCIATE 


MEMBERS 


AGRAMONTE, ALBERT ARTHUR. 
Argentine Republic. 
1118 St., Kansas City, Mo. 


Baker, HENRY ERSKINE. Engr., Chinese Govt. Paper Mills, Han 
China. 


FRYLING. 
China. 

BROWNELL, LEONARD DEMPSTER. 
CARL FLETCHER. 
City, Iowa. 
Burns, ANDREW. 

BUTTERFIELD, Care, Riley, Hargreaves Co., Bat- 
tery Rd., Singapore, Straits Settlements. 
CAMERON, Harry Acting Dist. Engr., Eng. Dist., Cebu, Philip- 
pine Islands. 


CoNNELL, Henry Asst. Engr., Board Water Supply New 
York City, Pleasantville, 


Care, Francisco Etchevarne, Venezuela, 8F1, 


Instr. Eng., Anglo-Chinese Coll., Foochow, 


112 So. Chester St., Syracuse, 
Chf. Engr., Charles City West. Ry., Charles 


Asst. Engr., New York State Barge Canal, 
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ASSOCIATE MEMBERS (Continued). 
CRAIN, ARTHUR MANCHESTER. Secy. and Treas., Gate City Constr. Co. 
Omaha, Nebr., 339 Century Bldg., Denver, Colo. 
ington St., Buffalo, 
FouGNER, HERMANN. Civ. Engr. and Agent, Trussed Concrete Steel Co., 
Madison North, New York City. 
FRASQUIERI REGUEIFERO, TRANQUILINO. Luz 97, Havana, Cuba. 
GALBREATH, WILLIAM Div. Engr., National Railways Mexico, 
Calle Colegio Civil No. 105, Monterey, L., Mexico. 
GELLATLY, JoHN THOMPSON Cons. Engr., Cala, Transkeian 
ritories, Cape Colony, South Africa. 
Harry Macy. Res. Engr., Celilo Bridge, Celilo, Ore. 
Hott, Morton. 629 Massachusetts Ave., E., Washington, 
IMMEDIATO, GERARDO. North Willow St., 
JOHANNESSON, SIGVALD, 317 Park Ave., Newark, 
JOHNSON, SAMUEL. Superv. Bldg. Engr., Archt.’s Office, Can. Pac. 
Ry., Windsor Station, Montreal, Que., Canada. 
KAUFMAN, VERNET ALBERT. 410 Kittredge Bldg., Denver, Colo. 
GEORGE ALLEN. 609 Henry Bldg., Portland, Ore. 
MANTER, RALPH Barton. Locating Engr., Ferrocarril Cauca, Cali, 
Colombia. 
Santiago, Manila, Philippine Islands. 
STEWART. (Ricker Minniss), 702 Ellicott Sq., Buf- 
falo, 
Ernest. Div. Engr., The Orchard Constr. Co. Chicago, 
Box 226 Littleton, Colo. 
Managing Engr. for The Weber Co., 18th 
and Stratton Sts. Louisville, Ky. 
Mozart, Cons. and Constr. Engr., Box Cannon 
Falls, Minn. 
Treas., Murphy Constr. Co., East St. Louis, Mo. 
JASON. 220 Audubon Ave., New York City. 
Por, ALLAN TINKER, JR. West Peachtree Atlanta, Ga. 
JAMES Civ. Engr. and Contr., 400 Coleman Bldg., 
Philadelphia, Pa. 
FRANK Roadmaster, West. Pac. Ry.; Box 258, Oroville, 
Cal. 
Care, Colonial Eng. and Constr. Co., Madison 
Ave., New York City. 
CHARLES 190 Columbia Heights, Brooklyn, 
Jr. Engr. and Contr. (Tiffany Gail), Erie 
Co. Bank Bldg., Buffalo, 
Howarp Washington Apartments, Cleveland, Ohio. 
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ASSOCIATE MEMBERS (Continued). 

JAMES Cons. Civ. and Hydr. Engr., with Baum, 1404 
Chronicle Bldg., San Francisco, Cal. 

Myron Cons. Engr. (Bull Witham), 411 Common- 
wealth Bldg., Denver, Colo. 

Yen, Asst. Chf. Engr., Szechuen Chuenhan Ry. Co., Ichang, 
China. 

JUNIORS 
ANDERSON, Chf. Engr., Pecos Toyah Val. Ry., Pecos, 

CARROLL 219 West Franklin Ave., Jackson, Mich. 

CHARLES SMITH. Operating Dept., Am. Bridge Co., Ambridge, Pa. 

CHADWICK, CHESTER Estimator Designer, Milliken Bros. Mil- 
liken, 

Leroy. Robles, Ermita, Manila, Philippine Islands. 

Lake Ave., Seattle, Wash. 

Asst. Engr., Tex. Pac. Ry. Co., Dallas, Tex. 

CLEMENT JOHN. Eng. Dept., The Texas Co., Houston, Tex. 

JOHNSON, LUTHER ELMAN. Asst. Engr., Reclamation Service, Burley, 
Idaho. 

930 Pine St., San Francisco, Cal. 

LAMB, WILLIAM ALFRED. Asst. Engr., Care, Water Resources, Geologi- 
cal Survey, Washington, 

Curtiss. Engr., W., Chic. Gt. West. Co., Des 
Moines, Iowa. 

Prof. Civ. Eng., Clarkson School Technology, Pots- 
dam, 

Insp., Constr., City Eng. Dept., City Hall, Memphis, 
Tenn. 

Harry FRANKLIN. Kenyon Bldg., Louisville, Ky. 

STEWART, CHARLES SUMNER. Care, Chic. Wisconsin Val. R., Portage, 
Wis. 

Cuba. 

1040 East Main St., Portland, Ore. 

THoMAS JR. Bandy, Tazewell Co., Va. 


DEATHS 
BARNARD, JOHN Fiske. Elected Member, September Ist, 1880; died Febru- 
ary 6th, 1910. 
JOHN Elected Associate Member, October 7th, 1908; died 
November 9th, 1909. 
Elected Associate, July 3d, 1889; died March 
1910. 
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Elected Associate Member, June 1909; died Febru- 
ary 14th, 1910. 


THomson, Elected Member, February 2d, 1887; died 
February 7th, 1910. 


FRANK WALLACE. Elected Associate Member, May 6th, 1908; 
died February 15th, 1910. 


Total Membership the Society, March 8th, 1910, 
356 
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CURRENT ENGINEERING LITERATURE 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST 


(February 8th March 7th, 1910) 


list published for the purpose placing before the 
members the Sociely, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS. 


the subjoined list articles, references are given the number 
prefixed each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 
Proceedings, Engrs. Club Phila., 


1317 Spruce St., Philadelphia, 
Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Blk., Chicago, 
Transactions, Can. Soc. 

Montreal, Que., Canada. 

School Mines Quarterly, 
lumbia Univ., New York City, 
50c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

Engineering Magazine, New York 
City, 25c. 


Magazine, New York City, 
Engineering (London), 


Wiley, New York City, 25c. 

The 
national News Co., New York 
City, 35c. 

News, New York City, 

Engineering Record, New York 

Railway Age Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 


Electric Railway Journal, New 
York City, 10c. 
Railway and Engineering Review, 


Chicago, 10c. 


Scientific American Supplement, 
New York City, 10c. 
Iron Age, New York City, 10c. 


Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 


American Gas Light Journal, New 
York City, 10c. 

American Engineer, New York 
City, 20c. 


Electrical Review, London, Eng- 


land. 
World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(52) 
(53) 


(54) 
(55) 


Journal, New England Water- 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
New York City, 50c. 

Annales des Pontes Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 


and Minerals, Scranton, Pa., 

Scientific American, New York 
City, 8c. 


Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, Oesterreichischer 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 


(61 
(62 
(63 
(65 
(66 
(73) 
(74) 
(75) 
(76) 
(77) 

| 
(78) 
(79) 
Bridg 
| 
Movir 
The 
Types 
The 


(56) Transactions, Am. Min. 
Engrs., New York City, $5. 
(57) Colliery Guardian, London, Eng- 


land. 
Proceedings, Engrs.’ Soc. Pa., 
Fulton Bldg., Pittsburg, Pa., 
Transactions, Mining Inst. Scot- 
land, London and 
upon-Tyne, England. 


(58) 


(59) 


(60) Municipal Indian- 
apolis, Ind., 

(61) Proceedings, Railway 
225 Dearborn St., Chicago, 

(62) World, Ninth St., 


Pittsburg, Pa. 


Minutes Proceedings, Inst. E., 
London, England. 


(63) 


(64) Power, New York City, 20c. 
(65) Official Proceedings, New York 
Club, Brooklyn, Y., 


(66) Journal Gas Lighting, London, 


England, 15c. 


(67) Cement and News, 
Chicago, 
(68) Mining Journal, England. 


(70) Engineering Review, 


York 
City, 10c. 


(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(71a) Carnegie Scholarship Memoirs, 
Iron and Steel London, 


England. 

(73) Electrician, London, England, 18c. 
(74) Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs., 

London, England. 
(76) Brick, Chicago, 10c. 
(77) Journal, Inst. Elec. 
England. 
(78) Beton und Vienna, Austria. 
(79) Forscherarbeiten, Vienna, Austria. 
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Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 


(83) Age, New York City, 


(84) 
(85) 


(86) 
(87) 
(88) 


Cc. 

Ciment, Paris, France. 

Proceedings, Am. Ry. Eng. and 

Engineering-Contracting, Chicago, 

Roadmaster and Foreman, Chicago, 

Bulletin the International Ry. 
Congress Brussels, Bel- 
gium. 

Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 

Transactions, Inst. Naval 
Archts., London, England. 

Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 
City. 

Bulletin, Soc. 
pour Nationale, Paris, 
France. 

Revue 
France, fr. 50. 

Maker, New York City, 

International Marine Engineering, 
New York City, 

Canadian Engineer, Toronto, Can- 
ada, 15c. 

Turbine, Berlin, Germany, Mark. 

Journal, Engrs. Soc. 219 
Market St., Harrisburg, Pa., 30c. 

Proceedings, Soc. Municipal 
Improvements, New York City, 


(100) Professional Memoirs, Corps 
Engrs., A., Washington, 


C., 
(101) Worker, New York City, 


(89) 
(90) 
(91) 


(92) 


(93) 
(94) 
(95) 
(96) 


(97) 
(98) 


(99) 


Paris, 


LIST ARTICLES 


Bridges. 


Boylston Street Bridge,- Boston, from 1888 the Present Time; the Destruction 
and Reconstruction Bridge Subjected Locomotive Fumes and Increas- 


ing Street Car Loads.* 
Moses. 


Frederic Fay, Charles Spofford and John 
(Paper read before the Bost. Soc. Civ. Engrs.) 


Report the Question the Strengthening the Bridges with View Increas- 


ing the Weight Locomotives and the Speed Trains. 
sion the 8th Sess. the Ry. 

Feb. 
Novel Method Striking Steel Centers for 150-ft. Concrete Arch Spans.* 


Bascule Bridge Copenhagen.* (12) 


Feb. 


Moving Railroad Bridge Transversely.* 


(Subject for Discus- 


Labes. Jan. 


(88) 
(86) 


(14) Feb. 12. 


The Governor Reynolds Reinforced-Concrete Bridge, Province Albay, Philippine 


Islands.* Oliver Filley. (13) Feb. 17. 

Types Highway Bridges.* Barber, Can. Soc. (96) Serial 
beginning Feb. 18. 

Erection Appliances for the Belly River Viaduct Lethbridge, Alberta.* (13) 


Feb. 


24. 
The Albemarle Sound Trestle the Norfolk Southern Railway.* 


(15) Feb. 25; (18) Feb. 26. 


Tests Models the Medina Aqueduct Arch.* 


Mar. 


Reconstruction Boylston Street Bridge Boston.* 


Nicholson. 
(From Barge Canal Bulletin.) 
(14) Mar. 
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Bridges—(Continued). 


Les Moyens Communication entre les Deux Rives Anvers.* 
Mensbrugghe. (31) 1909, Pt. 

Reconstruction Pont Notre- Dame, Paris.* (33) Jan. 29. 

Les Ponts Métalliques Yun-Nan (Chine), Pont sur Faux Nam-Ti.* Georges 
Bodin. (33) Feb. 12. 


Electrical. 


Electrical Transmission Polycyclic Currents.* Charles Smith, Inst. 
(47) Serial beginning Feb. 

Current Furnished the Municipal Plant Pasadena, Cal. 

Castelnuovo-Valdarno Transmission Plant.* (27) Feb. 10. 

Some Engineering Features the Hakone, Japan, Hydroelectric Plant. Moto- 
mura. Feb. 10. 

Economics Synchronous Condensers.* Jakobsen. (27) Feb. 10. 

Rates for Hydroelectric Service. Alton Adams. (27) Feb. 10. 

The Electric Company’s Telephone System.* (11) Serial beginning 

New Arc Lamp.* Mossay. (73) 11. 

The Present Position the Theory Commutation.* Sumec. (Abstract from 
Elektrotechnik Zeit.) (73) Serial beginning Feb. 

Modern Arc Lamps and their Application. Angold. paper read 
before the Assoc. Engrs.-in-Charge.) (73) Feb. 11. 

Power Station Improvements Terre Haute.* (17) Feb. 12. 

Engelberg-Lucerne Transmission System.* Francis Weldon. (27) Feb. 17. 

Note the Use Kapp’s Apparatus for Measuring Permeability Iron under 
High Magnetising Forces.* Beattie and Gerrard. (73) Feb. 

Wireless Telegraph Mast Stoke-By-Nayland Vicarage.* Feb. 18. 

Water Power Plant Stangfjord, Norway.* (73) Feb. 

New Substations Chicago; Brief Account Isolated Combination Sta- 
tions the Commonwealth Edison Company.* (27) Feb. 24. 

The Induction Generator.* Thomas Spooner and Barnes. (27) Feb. 24. 

The Flicker Photometer.* Dow. (27) Feb. 24. 

Heterochromatic Photometry.* David Edgar Rice. (27) Feb. 24. 

The Radiation from Directive Aerials Wireless Telegraphy.* Walter. 
(From Jahrbuch der drahtlosen Telegraphie.) (73) Feb. 25. 

Tantalum Filament Characteristics.* Crouch. (73) Feb. 25. 

Power Factor Correction.* (12) Serial beginning Feb. 25. 

International d’Electricité.* Lasalle and Gevaert. (30) 

Die Elektrische Lokalbahn Trient-Malé und die Neuen 
der Stadtgemeinde Trient.* Paul Dittes. (53) Serial beginning Jan. 28. 


Marine. 


Turbine Propulsion, Recent Developments. Neilson. (95) Feb. 

The New Castle Liner Balmoral Castle.* (95) Feb. 

Electrical Equipment Smith’s Docks, North Shields.* (73) 

Two, Three Four Propellers? (12) Feb. 

New Steamers for the Nippon Yusen Kaisha.* (11) Serial beginning Feb. 

Steel Barges for Rock. (From Marine Review.) (14) Feb. 12. 

Legal Decision Regarding the Bosten Dry Dock. (14) Feb. 12. 

The Lifeboat and its Work. John Cameron Lamb. (29) Feb. 18. 

Self-Dumping Barge.* (11) Feb. 18. 

American Marine Turbines and Gearing.* (12) Feb. 18. 

Spur Wheel Reduction Gear for Steam Turbines.* (47) Feb. 25. 

Corrugated Sides Monitoria and their Effect. Haver. (Paper read 
before the North-East Coast Inst. Engrs. and Shipbuilders.) (12) Feb. 25. 

Boiler Attachments and Funnel Draft. Spencer. (95) Mar. 

The Prinses Juliana.* (95) Mar. 

The Effect Superheat the Economy Marine Engine Determined 
Tests the Steam Yacht John Halligan, Jr. (From Journal, 
Amer. Soc. Naval Engrs.) (95) Mar. 

Barges Concrete Built Panama. (From Canal Record.) (13) Mar. 
(86) Mar. (14) Mar. 

Cuirassé Brésilien Minas Geraes.* Lignorelles. (33) Feb. 19. 

Die Deutschland und Preussen.* Kaemmerer. (48) 
Jan. 


Mechanical. 

Bituminous Power Gas Producer.* Bulmahn. (58) Jan. 

Air-Separators Cement Plants. Pfeiffer. (67) Feb. 

Plaster, Overburnt Gypsum and Hydraulic Gypsum.* Glasenapp. (67) Serial 
beginning Feb. 
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Mechanical— (Continued). 


Boiler Explosions and Riveted Joints. James Crombie. (Abstract paper read 
before the E.) (94) 

Testing Suction Gas-Producers with Kérting Garland and 
Kratz. (Abstract.) (66) Feb. 

The Design Surface Condensers.* Neilson. (Paper read before the 
Engrs. and Shipbuilders Scotland.) (47) Serial beginning 
eb. 

The Parker Down-Flow Water-Tube Boiler.* (11) Feb. 

Test Compound Semi-Stationary Superheated Steam Engine.* (12) Feb. 

The Causes and Ranges Variation Calorimetric Tests. Thomas Holgate, 
Inst. (66) Serial beginning Feb. 

The Flow Gas through Pipes. Chandler. (66) 

The Humphrey Gas-Pump.* (11) Feb. 11. 

Evence-Coppee Waste Heat Coke Oven Plant Pinxton.* (57) Feb. 11. 

The Power Station the Allis-Chalmers Works.* (14) Feb. 12. 

Internal-Combustion Pump, Applications New Principle.* Herbert 
Humphrey. (19) Serial beginning Feb. 12. 

Description Retort House.* Charles Lamson. (Paper read before the 
Amer. Gas Inst.) (24) Serial beginning Feb. 14. 

Gas-Works Calorimetry. Balcon. (Paper read before the Midland Junior 
Gas Assoc.) (66) Feb. 15. 

Working Steam Road Rollers and Steam Traction Engines. (86) 
Feb. 

Motors for Aerial Navigation.* Critchley. (Paper read before the Inc. 
Inst. Automobile Engrs.) (47) Serial beginning Feb. 

Bagasse and Bagasse Furnaces.* (11) Feb. 18. 

New Turbine (Bergmann).* (12) Feb. 18; (26) Feb. 18; (73) Feb. 18. 

Two-Hundred-Ton Ice-Making Plant.* (12) Feb. 18. 

Telpherage System for Handling River Traffic.* (14) 26. 

The Wright Injunction (Aeroplanes).* (19) Serial beginning Feb. 19. 

Method Wire and Other Rope.* Watt. (From Amer. Machinist.) 
(16) eb. 19. 

Recent Comparison Turbines and Engines. Warren Miller. (14) Feb. 19. 

Direct Sulphate Ammonia Manufacture. Stanley Cooper. (66) 22. 

Devillers Coal Briquetting Machinery.* Charles Hughes. (20) Feb. 24. 

The Handling and Storing Factory Stock, Methods use the Plant the 
United Shoe Machinery Company.* (20) Feb. 24. 

Oxy-Acetylene Welding. Smith. (29) Feb. 25. 

6000 Horse-Power Hydraulic Absorption Dynamometer.* (62) Feb. 28. 

The Penfield Mechanical Brick Setting Machine.* (62) Feb. 28; (76) Feb. 

The Development the Hydraulic Reaction Turbine America.* Birchard 
Taylor. (9) Mar. 

Evaporating Plants Board Ship. William Auken. (95) Mar. 

Most Powerful Turbines ever Built.* Birchard Taylor. (64) Mar. 

Ice Making and Steam Heating Small Central Station.* (27) Mar. 

Motors Contracting Work.* (27) Mar. 

Structural Steel Motor Supports.* George Westerman. (27) Mar. 

Compressed Air and its (20) Serial beginning Mar. 

Segregation Phenomena Steel Castings.* Knight. (Paper 
the Phil. Foundrymen’s Assoc.) (20) Mar. 

Ambitious Scheme Heat Utilization.* (101) Mar. 

The Development Oil Gas California.* Edward Jones. (Paper read 
before the Amer. Gas Inst.) (24) Mar. 

Pompe Gaz Humphrey.* Drouin. (33) Nov. 

Appareil Sertisseur Semi-Automatique Gallon.* (33) Jan. 29. 

Les Appareils Sureté des Chaudiéres Vapeur Indicateurs Niveau 
Sinigaglia. (37) Jan. 31. 

Procédé Fabrication d’un Gaz d’Eclairage Léger Systéme Rincker Wolter. 
Feb. 

Les Girardault. (33) Serial beginning Feb. 

Appareils Protection pour les Dégauchisseuses.* Henri Mamy. (33) 

Grands Moteurs Gaz Construction Américaine.* (33) Feb. 19. 

Uber das Auftreten von Achsialen Driicken Sowie deren Beseitigen bei Zentrifugal- 
pumpen.* Emil Gutman and Ludwig Weil. (53) Serial beginning Dec. 24. 

Konstruktion Hydraulischer Sicherheitsventile.* Eduard Miiller. (48) Dec. 25. 

Sandabsturzbriicken fiir den Spiilversatz der Oberschlesischen Kohlenbergwerke.* 
Karl Bernhard. (48) Jan. 

Ein Graphisches Verfahren zur Ubertragung der Indikatordiagramme von Ver- 
brennungsmaschinen das Entropiediagramm. Maleev. (53) Jan. 14. 

Versuche mit einer Schulz-Turbine.* Gutermuth. (48) Jan. 15. 

Untersuchung einer 1000-pferdigen Dampfturbine der Maschinen- 

fabrik.* Josse. (48) Serial beginning Jan. 
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Betriebseinrichtungen und Arbeitsverfahren bei der Deutschen Niles-Werkzeug- 
maschinenfabrik Oberschéneweide.* Schlesinger. (48) Serial begin- 
ning Jan. 29. 

Ein Neues Graphisches Verfahren zur Bestimmung der 
Kranparabeltrager.* Hermann Weidemann. (48) Jan. 29. 


Einem Turbinengeblise der Bauart Jaeger.* Mitter. (48) 
eb. 


The Electrical Reduction Iron Ore.* Joseph Richards. (3) Feb. 
for Smelting Iron Ore the Electric Furnace.* Taylor. 
eb. 
Uniformity Blast Furnace Operation. Jos. Richards. (Abstract from 
Metallurgical and Chemical Engineering.) (22) 11. 
and Practice Florence, Goldfield Morris. (16) Feb. 


The Production Iron from Ore.* Yngstrém. (From 
Bihang till Jern Kontorets Annaler.) (12) Serial beginning Feb. 25. 
Horwood Process for Separating Zinc Sulphides.* Donald Clark. (16) 26. 

Elimination Smelter Fumes.* Palmer. (45) Mar. 

Sprague Process for Treating Furnace Gases. Sprague. (16) Mar. 

Sur Forme Théorique des Courbes Refroidissement des Mélanges Binaires.* 
Rengade. (93) Feb. 

Humidité Uniforme dans. les Hauts-Fourneaux, Expériences Faites 
aux Usines Clarence, 1909. Gréville Jones. (93) Feb. 


Mining. 


Shale-Dust and Coal-Dust Tests Broxburn.* Robert McLaren and William 
Clark. (59) Vol. 32. 

The Testing Explosives for Sensitiveness Shock the Drophammer Method. 
Kast. (From Zeit. fiir das gesamte Schiess- und Sprengstoffenwesen.) 


Electricity Mines, Some Practical Considerations. Robert Nelson. (Paper read 
before the Birmingham Univ. Min. Soc.) (22) 

Determining the Output Shaft with Cylindrical Winding Drum.* 


(Abstract paper read before the Manchester Geol. Soc.) (22) 
eb. 


Electrical Installation Cannock Chase Colliery.* (22) 
The Walker System Concrete Lining for Pit Shafts.* (22) Feb. 11. 
Fence-Gates for Winding-Shaft Cages.* Crofton. (Abstract paper read 
before the North Eng. Inst. Min. and Mech. Engrs.) (22) Feb. 11. 
European Electric Colliery Railway.* Van Brussel. (16) Feb. 12. 
Brodsworth Main Collieries.* (22) Feb. 25. 
Stoping Methods Mines Ducktown Basin.* John Tyssowski. (16) Feb. 26. 
Windber Power Plants.* (45) Mar. 
Safety Appliances German Mines.* Voigt. (45) Mar. 
The Primero Disaster.* Herrick. (45) Mar. 
Dredging Nome Beach Sands.* (45) Mar. 
Methods and Cost Sinking the Brier Hill Concrete-Lined Shaft, Michigan.* 
(Abstract paper read before the Lake Superior Min. Inst.) 
ar. 
the Cananea Consolidated Copper Company.* Ricketts. 
ar. 
The Oliver Continuous Filter Minas del Tajo.* Tweedy and 
Beals. (16) Mar. 
Stationary versus Moving Hoisting Plants. Jackson. (16) Mar. 


The Testing Explosives for Sensitiveness Shock the Drophammer Method. 


(From Zeit. fiir das gesamte Schiess- und Sprengstoffenwesen.) 
eb. 


Recent Progress Industrial Pyrometry.* Chas. Darling. (12) Feb. 11. 


Methods and Cost Hydraulic Filling Cairo, Jean Allen. (86) 
Feb. 


16. 
Théorie Elémentaire des Abaques Transversales.* Schoofs. (30) Feb. 


Municipal. 

English Methods Using Tar Binder Macadam Road Construction.* (86) 
Jan. 16. 

Notes the Construction Macadam Pavements and Showing the 
Amount Stone Required. George Pike. (86) Feb. 

Paving Along Street Railway Tracks. Thos. McMath. paper 
read before the Central Elec. Ry. Assoc.) (86) Feb. 
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Formulas for Sidewalk Construction used the Bureau Sidewalks Chicago, 
Murray. (Abstract paper read before the Soc. Engrs. 
and Surv.) (86) Feb. (13) Feb. 17. 

Work the Municipal Asphalt Plant San Francisco 1909. (86) 16. 

Summary Tests made New York City Machines for Cleaning Streets 
the Use Water. (86) Feb. 23. 

Proposed Standard Specifications for Portland Cement Curb and Gutter.* (Report 
Committee National Assoc. Cement Users.) (86) Feb. 23. 

Experimental Road Surfacing 2-in. Concrete Cubes.* McClintock and 
George Wright. (Paper read before the National Assoc. Cement Users.) 
(13) Mar. (86) Mar. (14) Mar. 

Economics and Principles Macadam Construction for Towns.* Black. 


(96) Mar. 
Municipal Asphalt Plant, Kansas City, Mo.* (14) Mar. 


Railroads. 


Automatic Electric Railway Signals.* Frederic Howard. (98) Dec. 

Brake Manipulation and Operation General Freight Service, with Review 
Some the Causes and Conditions which Produce Shocks and Break-in- 
Twos.* Turner. (61) Dec. 21. 

the Question Electric Traction. (Subject for Discussion the 8th 
Sess. the Ry. Cong.)* George Gibbs. (88) Jan. 

Report the Question Operation Switches and Signals. (Subject for Dis- 
cussion the 8th Sess. the Ry. Cong.) Ulbricht. (88) Jan. 

Report the Question Transshipment. (Subject for Discussion the 
Sess. the Ry. Cong.)* Burlet. (88) Jan. 

Electrification the Bavarian State Railways.* Jacqmin. (88) Jan. 

The New Wustermark Shunting Yard.* (From Zeit. Vereins deutsch. Eisenbahn- 
verwaltung.) (88) Jan. 

The Transcontinental Railway Survey Australia. (12) Feb. 

Area Contact between Car Wheels and Rails.* Hancock. (13) Feb. 10. 

Track Elevation Evanston, Chicago, Milwaukee St. Paul Ry.* 
Greifenhagen. (13) Feb. 10. 

Tractive Power Locomotives.* William Allman. (15) Feb. 11. 

Steel Box Car for the Union Pacific.* (15) 11. 

New Locomotives for the Chicago Great Western.* (15) Feb. 11. 

The New Panama Railroad. Hoffmark. (From Pyrdue Engineering Re- 
view.) (15) Feb. 11. 

Freight Transfer Stations. McL. Harding. (18) 

New Consolidation Locomotive the Lehigh Valley R.* (18) Feb. 12. 

Combination Steel and Concrete Tie the Pittsburg, Fort Wayne Chicago 
Ry.* (13) Feb. 17. 

Two Foreign Developments Railway Ties.* (13) Feb. 17. 

The Design the Stations the Evanston Track Elevation Work; C., 

The Trunk .Lines. Pomeroy. (Abstract paper read 
before the Eng. Soc. Columbia Univ.) (15) Feb. 18. 

Colfax Grade Revision; Southern Pacific.* Bradford Boardman. (15) Feb. 18. 

Valuation Railways Washington. Lawrence. (15) Feb. 18. 

Mallet Compound Locomotive for the Colombia National.* (15) 

The Bellinzona-Mesocco 1500-Volt Railway.* (17) Feb. 19. 

(46) Feb. 12. 

Mogul Locomotives for the Tientsin-Pukow Ry., China.* (18) Feb. 19; (15) 
Mar. 

Fuel Economy Testing Plants and Railways. Vaughan. (Abstract 
paper read before the Western Canada Ry. Club.) (18) 19. 

Mallet Locomotive for the Central South African Railways.* (18) 
Feb. 19. 

Some Notes Specifications for Earthwork Railway Construction. James 
Bacon. (Abstract paper read before the Amer. Soc. Eng. Contrs.) (86) 
Feb. 23. 

Proposed Rearrangement Railway Terminals Chicago.* (13) Feb. 24. 

Eight-Wheel Engines with Superheaters for the Western Railway Havana.* 
(15) Feb. 25. 

Copper and Steel for Locomotive Fire Boxes. Lake. (Abstract paper 
read before the Western Canada Ry. Club.) (18) Feb. 26. 

Terryville Tunnel, New York, New Haven Hartford Railroad.* (14) Feb. 26. 

Combined Concrete Fence and Retaining Wall.* (14) Feb. 26. 

The Experimental Catenary Line the Connecticut Company.* (17) Feb. 26. 
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Railroads—(Continued). 


Method Laying Concrete under Water using Tremie; Detroit River Tunnel. 

(Paper read before the National Assoc. Cement Users.) (86) 
ar. 

Economical Freight Transference Railway Terminals and Shipping Docks.* 
McL. Harding. (13) Mar. 

The Hudson Bay Railway Project.* (13) Mar. 

High-Voltage Direct-Current Equipment for Washington, Baltimore Annapolis 
Railway.* (27) Mar. (13) Mar. (17) Mar. 

Electrical Plant the Hudson and Manhattan Railroad Company.* (27) Mar. 

Equipment Depreciation and Renewal. William Mahl. (15) Mar. 

Track Construction the Detroit River Tunnel.* (14) Mar. 


the Hudson Manhattan Railroad.* Hugh (17) 
ar. 


Improvements European Catenary Work.* (17) Mar. 

Note sur les Perfectionnements Apportés Systéme d’Allumage Instantané des 
Trains Eclairés par Gaz Essai Compagnie des 
Chemins Fer Biard and Mauclére. (38) 

Les Locomotives Compound Grande Vitesse Trois Essieux Couplés Roues 
Motrices 900 Compagnie Royale des Chemins Fer Portugais.* 
Henri Lavialle d’Anglards. (38) Feb. 

Funiculaire Capri (Italie).* Bousquet. (33) Feb. 

Die Form der Winkelstiitzmauern aus mit Riicksicht auf Bodenruck 

und Reibung der Fundamentfuge.* Albert Klein. (78) Dec. 16. 

Ergebnisse der Versuchsfahrten mit der 4/5-Gekuppelten Verbund-Giiterzugloko- 

motive Gruppe 730 der Italienischen Staatsbahn.* Heise. (48) Jan. 22. 


Die Verminderung der Tunneln der Gebirgshahnen. Sanzin. 
(48) Jan. 29. 


Railroads, Street. 


Signal Improvements the District and Tube Railways.* (21) Feb. 

Permanent Way Tube Railways.* (21) Serial beginning Feb. 

Street Car Vacuum Ventilation.* (101) 12. 

Trailer Motor Cars Philadelphia.* (17) Feb. 26. 

Equipment the Boston Elevated Railway Company.* (17) 

ar. 

Die Elektrische Lokalbahn Trient-Malé und die Neuen 

der Stadtgemeinde Trient.* Paul Dittes. (53) Serial beginning Jan. 28. 


Sanitation. 


The Disposal Sewage. Herbert Snow. (98) Dec. 

Method Determining the Sizes the Pipes Hot-Water Apparatus.* 
Jeffreys. (70) Feb. 

Sewer Pipe Data. (76) Feb. 

Cement Tile Investigation. (76) Feb. 

The Collection and Disposal Refuse the City Boston, Mass.* (13) Feb. 


The Sewerage Problem Greater Pittsburgh. (14) Feb. 12; (13) Feb. 10. 
Standards for Sewage Effluents.. John Thresh. (Abstract paper read before 
the Assoc. Mgrs. Sewage Disposal Works Eng.) (14) Feb. 12. 
The Design Small Intermittent Filters. Paul Hanson. (Abstract paper 

read before the Ohio Eng. Soc.) (14) Feb. 19. 
Purification Sewage for Power Plant Purposes.* (14) Feb. 19. 
The Protection and Drainage Lands Subject Overflow. (14) Feb. 26. 
Refuse Disposal Marseilles. (14) Feb. 26. 
Portable Shower Baths Baltimore.* (101) Feb. 26. 
Heating and Ventilating Minnesota Schools.* (101) 26. 
Epuration des Eaux Imhoff.* 


Structural. 

Modern Boiler Shop.* Fish. (Paper read before the Engrs.’ Club St. 
Louis.) (1) 

The Work the Clay Products Section the Technologic Branch, United States 
Geological Survey.* Bleininger. (58) Jan. 

The Hardening Hydraulic Cements. Becker. (Abstract from Tonindustrie 
Zeitung.) (67) Feb. 

Weber Reinforced Concrete Chimneys.* (20) Feb. 10. 

Fire Protection San Francisco under the New Building Law. (13) 10. 

Pneumatic Cushion Cap for Driving Reinforced Concrete Piles.* (86) Feb. 16. 

Concrete Pile Foundations for the Evansville Filters.* Stephenson. (14) 


Feb. 19. 
Unusual Factory Floor. (14) Feb. 19. 
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the Coarser Particles Cement.* George Sydney Binckley. (14) 
eb. 


Columns made Under Building Conditions.* Berry. 
eb. 

Walls for the Steptoe Smelter.* Severin (14) 
eb. 

What Consideration Should Given Continuity Reinforced Concrete Beams 
and Slabs?* Thomas. (86) Feb. 23. 

Latticed Columns Weight per Lattin. (13) 
eb. 

Shrinking and Tempering Shop for Guns Woolwich Arsenal.* (11) Feb. 25. 

Water Tank with Dome Supported Bottom.* (14) Feb. 26. 

The Use Miniature Excavating Buckets.* (14) Feb. 26. 

Demolition the Old Union Station Worcester.* Gilman. (14) Feb. 26. 

Industrial Applications Reinforced Concrete.* Sloan. (9) Mar. 

Method Long Span Light Floor Construction, with Comparative Costs.* 
Emile Perrot. (Paper read before the National Assoc. Cement Users.) 
(86) Mar. (14) Mar. 

Simple Method Testing Damp-Proofing Materials. Cloyd Chapman. 
paper read before the National Assoc. Cement Users.) (14) 

ar. 

Constructing Building Above Underground Station.* (14) Mar. 

ar. 

Standard Building Regulations for the Use Reinforced Concrete. (National 
Cement Users.) (14) Mar. 

Tests Reinforced Concrete Columns.* Peter Gillespie. (Paper read before 
the National Assoc. Cement Users.) (14) Mar. 

L’Avenir Béton non Armé. Tedesco. (84) Serial beginning Jan. 

Essais Comparatifs Flexion Statique Dynamique sur Barreaux Entaillés.* 
Léon Ludwik. (From Oesterr. Wochenschrift fir den 
Baudienst.) (93) Feb. 

Résistance des Pieux pour Pilotis. Tjaden. (Abstract from Ingenieure.) 
(35) Feb. 

Résistance des Piéces Rivées.* Ch. Frémont. (93) Feb. 

Belastungsversuche mit Gekreuztbewehrten (78) Dec. 16. 

Das Verhalten Hydraulischer Bindemittel Burchartz. 
Dec. 16. 

Vergleichende Festigkeitsversuche aus Griibler. 
(48) Dec. 25. 

Neuere Fortschritte der Zement-, Kalk-, Phosphat-, and 
Naske. (48) Serial beginning Jan. 

Der Luftwiderstand auf Grund der Neueren Versuche.* Schiile. (48) Serial 
beginning Jan. 

Schiessstandsanlagen Holtenau bei Kiel.* Jos. Gau- 
gusch. (78) Jan. 

Betonzerstérung durch Schwefelwasserstoffgas. 


Erich Stephan. (78) Jan. 


Topographical. 
Instrument for Measuring and Recording Tunnel Sections.* (13) Mar. 


Water Supply. 


Method Making Watertight Grouting the Yonkers Pressure Tunnel (Siphon) 
the Catskill Aqueduct.* (86) Feb. 

The Type Characteristic Impulse Wheels and its Use Design.* Zowski. 
(13) Feb. 10. 

Steel Penstocks.* Wright. (13) Feb. 10. 

Sterilization the Connecticut River Water. (14) Feb. 12. 

Construction Reinforced-Concrete Dam Fredericksburg.* (14) Feb. 12. 

The Albelda Reinforced-Concrete Siphon for 97-ft. Head, Tuena, Spain.* 
Etcheverry. (From the Cal. Jour. Tech.) (13) Feb. 17; (96) Feb. 25. 

Pumping Stations the Minidoka Irrigation Project.* (14) Feb. 19. 

The Steel Pipe Lines and River Crossings, Little River Water Supply, Spring- 
field, Mass.* (14) Feb. 19. 

Preliminary Work the Barren Jack Reservoir. (14) Feb. 19. 

Reinforced Concrete Aqueduct Lining.* Reeves. (Abstract paper read 
before the Ill. Soc. Engrs. and Survs.) (13) Feb. 24. 

Notes Some Errors Fluid Differential Gages.* Geo. Jacob Davis, Jr., Assoc. 
Am. Soc. (13) Feb. 24. 

Designs for Hydraulic Power Plants Subject Reduced Head during High 
Water.* (13) Feb. 24. 
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Water 


Steam-Driven Pumping Plant for Deep Wells and Bore-Holes.* Alfred Towler, 


(Paper read before the Assoc. Water Engrs.) (11) 
eb. 


Braintree Waterworks Extensions. (12) Feb. 25. 

The Discharge 12-Foot Wood Stave Pipe.* Cochrane. (14) Feb. 26. 

Evaluation Water Rights.* Arthur Halsted. (14) Feb. 26. 

Some Notes and Figures the Valuation the Water Works Plant Richmond, 
Ind. Howard Dill. (Abstract paper read before the Ind. San. and 
Water Supply Assoc.) (86) Mar. 

Structural Features 24-Mile Steel Pipe Line for the Portland, Ore., Water- 
works.* (86) Mar. 

The Influence Forests Climate and Floods. Willis Moore. (Abstract 

Description the New Dam and Pumping Station Built the City Peter- 
borough, Ont.* Ellson Fawkes. (96) Mar. 

The System for the Central Georgia Railway’s Macon Shops.* 

ar. 4. 

Feather River Hydro-Electric Plant, Great Western Power Co.* (18) Mar. 

Die Wasserkraftsanlage siiden der Stadt Miinchen.* Bosch. 
beginning Dec. 16. 


Waterways. 


Methods Constructing and Driving Combination Concrete and Timber Piles with 
Some Results Tests.* (86) 

The Panama Canal.* George Goethals. (Paper read before the Brit. Assoc.) 
(11) Serial beginning Feb. 11. 

Some Practical Views Transportation Western Rivers.* Thomas 
Roberts. (13) Feb. 17. 

Paxton Creek Flood Controlling Works, Harrisburg, Pennsylvania.* Riegel. 
(From Cornell Engr.) (13) Feb. 17. 

Some Notes Connection with the Construction Concrete Dam the Trent 
Canal.* Brophy, Soc. (96) Feb. 18. 

The Sea Wall Connection with Buildings.* George Orrok. (Paper read 
before the Conn. Soc. Civ. Engrs.) (14) Feb. 26. 

The Locks and Gates the Panama Canal.* (14) Feb. 26. 

Fighting the Paris Flood.* Warren Miller. (14) Feb. 26. 

The Protection Submarine Structures.* Jones. (9) Mar. 

Method Laying Concrete under Water using Tremie; Detroit River Tunnel. 
(Paper read before the National Assoc. Cement Users.) (86) 

ar. 

Influence Forests Climate and Floods. Willis Moore. (Abstract 

The Efficiency and Cost Concrete for the Preservation Piles Exposed Sea 
Water. Horton. (Paper read before the National Assoc. Cement 
Users.) (13) Mar. 

Les Moyens Communication entre Deux Rives Anvers.* 
Mensbrugghe. (31) 1909, Pt. 

Port San Antonio (Chili). (From Ingenieur.) (31) 1909, 


port Mostaganem Caufourier. (33) Nov. 

Discussions Allemagne Concernant les Dimensions des Bateaux auxquels doit 
Livrer Passage Canal Rhin Wéser Elbe. (30) Feb. 

Crue Seine, Janvier, 1910.* Dumas. (33) Feb. 

Bootsmagazin auf der Kaiserlichen Werft Danzig.* (78) Serial 

beginning Dec. 16. 
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SOCIETY AFFAIRS 
CONTENTS 


Minutes 


Announcements: 

Hours during which the Society House 
Local Associations Members the American Civil Engineers 


Privileges Engineering Societies Extended Members.. 


Accessions the Library: 


Membership (Additions, Changes Address, Resignations, Deaths) 182 


MINUTES MEETINGS 
THE SOCIETY 


March 16th, 1910.—The meeting was called order 8.30 M.; 
President John Bensel the chair; Chas. Warren Hunt, Secretary; 
and present, also, 188 members and guests. 

paper Kempkey, Jun. Am. Soc. E.,* entitled 
Concrete Water Tower,” was presented for discussion, and the Sec- 
retary read discussions thereon Messrs. Maurice Couchot and 
Mensch. 

paper Edward Godfrey, Am. Soc. E., entitled “Some 
Mooted Questions Reinforced Concrete Design,” was presented for 
discussion, and the Secretary read communications the subject 
Messrs. Joseph Wright, Bent Russell, Worcester, Mensch, 
Walter Clifford, and Harry Porter. The paper was discussed 
orally Messrs. Goodrich, Albin Beyer, and Ostrup. 
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The Secretary read the following telegram from Hon. Raldiris: 


“The Civil Engineers’ License Bill introduced the Assembly 
has hearing Thursday, March seventeenth, before Committee Public 
Education. Will appreciate support your Society. Will you send 


committee 

The Secretary, request, also read the proposed bill the meet- 
ing. 

motion, duly seconded, the Secretary was directed notify 
the Committee the Legislature charge the bill that the tele- 
gram from Mr. Raldiris had been received, that the whole matter had 
been referred the Board Direction, and request postpone- 
ment any action until the Board could consider the matter. 

Adjourned. 


April 6th, meeting was called order 8.30 M.; 
President John Bensel the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, 189 members and guests. 

The minutes the meetings February 16th and March 2d, 1910, 
were approved printed Proceedings for March, 1910. 

The Secretary made the following statement: 

the meeting the Society, March 16th, 1910, telegram ad- 
dressed the Seeretary from Hon. Raldiris was read, which 
asked the support the Society for Bill, which had introduced 
the New York Assembly, for the licensing Civil Engineers. This 
Bill was, request, read full the meeting, and resolution was 
adopted referring the whole matter the Board Direction, and in- 
structing the Secretary communicate once with the Committee 
Publie stating that action, and requesting that the 
consideration the Bill deferred until the Board could take the 
matter and with the Committee further. 

President Bensel, Past-President Noble, and Professor Burr ap- 
peared before the Committee Albany, and the present time 
understood that the Bill has been withdrawn temporarily, but that 
some Bill which provides for the licensing Engineers will 
presented later. 

The matter was considered the Board Direction meeting 
held April 5th, and the following resolution was adopted: 

“Resolved, That the sense the Board that the duty 
the American Society Civil Engineers use its influence the 
proper formulation all legislation the General Government 


any the States the Union, which affects the practice 


and the Board recommends the appointment the Society Com- 
mittee whose duty shall formulate the general lines which 
such legislation should based, and that said Committee requested 
report the next Annual Convention.” 


The subject was discussed informally Messrs. Ostrup, 
Allen Hazen, Payne, Joseph McLean, William Burr, 
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William Reed, and Alfred Noble, and the following resolution was 
adopted: 


“Resolved, That the President authorized appoint com- 
mittee five, which shall Chairman, consider the whole 
matter licensing civil engineers conformity with the 
tion the Board Direction, and report the next Annual 


Convention.” 

paper Cresson, Jr., Am. Soc. E., entitled “The 
New York Extension the Pennsylvania Railroad: the Terminal Sta- 
tion-West,” was presented the author and illustrated with lantern 
slides. 

Lavis, Am. Soe. E., presented his paper entitled “The 
New York Extension the Pennsylvania Railroad: the Bergen Hill 
Tunnels,” illustrating with lantern slides. 

The Secretary announced that the Forty-second Annual Convention 
the Society will held Chicago, June 21st 24th, inclusive, 
1910. 

The Secretary announced the election the following candidates 
the Board Direction April 5th, 1910: 


Manila, Philippine Islands. 
Gustav Dresden, Germany. 
Harwoop, Boston, Mass. 
Grant St. Maries, Idaho. 

Lewis, Hyde Park, Mass. 

Vicror Henry Poss, San Francisco, Cal. 

JAMES STEPHENSON, Boise, Idaho. 

Spencer Kahului, Maui, Hawaii. 


MEMBERS. 
Gatun, Canal Zone, Panama. 
Wesster Lance Oklahoma City, Okla. 
CLARENCE Toronto, Ont., Canada. 
Harry Brown, Logansport, Ind. 
Franz Louisville, Ky. 
Comstock, Pathfinder, Wyo. 
Joun Dickerson, Chicago, 
Orro St. Louis, Mo. 
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Henry Hoop, Hauserlake, Mont. 
Leon Paris, France. 

JoHN Herman New York City. 
Howarp Roacu, Cleveland, Ohio. 
Harvey Boston, Mass. 
Epwarp SHEFFIELD, Gaylordsville, Conn. 
CHESTER ALEXANDER Kansas City, Mo. 


Vera Cruz, Mexico. 


ASSOCIATE. 
Rowntree, New York City. 


Barney, New York City. 

Frank Dominic Burrwood, La. 

New York City. 
Cram Detroit, Mich. 

New York City. 


Freperick Fox, Long Island City, 


Homer More Cordova, 
Manone, Jr., New Bern, 

CHARLES JEROME O’DONNELL, Walden, 
Price, Oklahoma City, Okla. 

New York City. 


the Board Direction April 5th, 1910: 


From MEMBER MEMBER. 


[Society 


The Secretary announced the transfer the following candidates 
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Stewart Madison Me. 
Stuart Detroit, Mich. 

JAMES Martin, Los Angeles, Cal. 
Layton Baltimore, Md. 
WEBSTER THOMPSON, Baltimore, Md. 
Bryan New York City. 


Lewis Newtonville, Mass. 


From Junior MEMBER. 


Los Angeles, Cal. 
Brown, New York City. 


Henry Hancock, Fort William, Ont., Canada. 


Ray Harrisonburg, La. 

Harry Memphis, Tenn. 
Howarp Ives, Worcester, Mass. 

San Francisco, @al. 

New York City. 

Cart WEIDNER, Madison, Wis. 

Henry WESTOVER, Kansas City, Mo. 


The Secretary announced tlie following deaths: 


Linus Weep Brown, elected Member June 7th, 1899; died March 
1910. 
ALFRED elected Associate Member February 
3d, 1892; Member, December 5th, 1894; date death unknown. 
Livinaston, elected Associate July 3d, 1889; died March 
1st, 1910. 
Frank WALLACE elected Associate Member May 6th, 1908; 
died February 15th, 1910. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 

April Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Andrews, Belknap, 
Brackett, Churchill, Kimball, Knap, Loomis, Macdonald, Pegram, 
Schneider, Swensson, Talbot, and Thompson. 

Chicago, was decided upon the place, and June 21st-24th, 
inclusive, the time, for holding the Forty-second Annual Conven- 
tion the Society. 

The proposed legislation the matter licensing Civil Engineers 
was considered, and Resolution adopted for presentation the next 
meeting the Society.* 

The Secretary was instructed present formal request the 
proper authorities Mexico that the certificate Corporate Member- 


ship of. the Society when presented members desiring practice 
recognized. 


Ballots for membership were canvassed, resulting the election 
Members, Associate Members, Associate, and Juniors, 
and the transfer Associate Members the grade Member, 
Associate the grade Associate Member, and Juniors the 
grade Associate Member. 


The resignations two Members and two Juniors were accepted. 


were considered and other routine business transacted. 
Adjourned. 


See page 160. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


May 4th, 1910.—8.30 M.—Two papers will presented this 
meeting, follows: “The Water Supply the Paso and South- 
western Railway, from Carrizozo Santa Rosa, Mex.,” 
Campbell, Am. E.; and “The New York Tunnel Ex- 
tension the Pennsylvania Railroad: The Site the Terminal 

These papers were printed Proceedings for March, 1910. 


May 1910.—8.30 M.—At this meeting, paper 
Meem, Am. E., entitled “Pressure Resistance and Stability 
Earth,” will presented for discussion. 

This paper printed this number Proceedings. 


June 1910.—8.30 M.—Two papers will presented for dis- 
cussion this meeting, follows: “The New York Tunnel Extension 
the Pennsylvania Railroad: Meadows Division and Harrison Trans- 
fer Yard,” Temple, Am. E.; and “The New York 
Tunnel Extension the Pennsylvania Railroad: The North River 
Tunnels,” Hewett and Brown, Members, Am. Soc. 


These papers are printed this number Proceedings. 


ANNUAL CONVENTION 


The Forty-second Annual Convention the Society will held 
Chicago, from June 21st June 24th, 1910, inclusive. 
The following committees take charge arrangements have 
been appointed: 
Committee the Board Direction: 


Cras. Warren 


Local Committee: 


soon possible, information will furnished Members cir- 
cular, concerning transportation, hotel rates, ete. 
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PROPOSED LEGISLATION INTEREST ENGINEERS 


BILL INTRODUCED HOUSE REPRESENTATIVES 
INCREASE THE EFFICIENCY THE ENGINEER 
CORPS THE UNITED STATES ARMY.” 


informal meeting Civil Engineers (not meeting the 
Society), the Society House January 25th, 1910, called “for 
the purpose considering the relation the Civil Engineer the 
Works the Country, and with particular reference bill 
now before Congress fixing the status the Engineering Corps 
the United States Army,” committee consisting Charles Mac- 
donald, Alfred Noble, William Burr, Stearns, and Samuel 
Whinery, was appointed appear before the House Committee 
Military Affairs, which the above bill had been referred. 

meeting the Board Direction the American Society 
Civil Engineers, March 1st, 1910, the following resolution was 
unanimously adopted: 


“Resolved that the Board Direction heartily approves and en- 
dorses the action taken recent meeting members the Society 
appointing committee consisting Charles Macdonald, Alfred 
Noble, William Burr, Stearns, and Samuel Whinery, with 
the object urging suitable recognition Civilian Engineers em- 
ployed River and Harbor Works, the proposed legislation pro- 
viding for increase the Engineer Corps the Army.” 


March 9th, 1910, this Committee had hearing before the 
Committee Military Affairs. 

Mr. Macdonald, April 5th, 1910, presented the Board 
Direction copy the following letter subsequently addressed that 
Committee, which brief the conclusions and the 
representatives the Civil Engineers’ meeting first above referred to: 


“Committee Military Affairs, 
“House Representatives, 
“Washington, 

Sir: 


“On Wednesday, March 9th, the Committee Military Affairs 
the House Representatives gave hearing Committee mem- 
bers the American Society Civil Engineers matters relating 
the Bill 117, entitled, Bill Increase the Efficiency the 
Engineer Corps the United States Army, which Charles Mac- 
donald and William Burr, members the Committee Civil 
Engineers, communicated certain statements your Committee and 
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gave such evidence was required yourself and other members 
your Committee. order lay before the Committee Military 
Affairs, which you are the Chairman, somewhat more complete 
and concise statement the arguments which desire make 
favor the proposed amendment the Bill 117 desire 
submit you the following statement brief, not displacing 
any particular whatever the communications and evidence made before 
your Committee March 9th, but rather complete and give greater 
force and effect possible what was said this Committee before 
your honorable body that date. 

the Efficiency the Engineer Corps the United States Army, 

properly prosecute works river and harbor improvement, the Chief 
Engineers authorized appoint detail for duty charge 
river and harbor districts, members boards engineers, any 
assistant engineers the employ the Engineer Bureau the War 
Department. Provided: That assistant engineers appointed de- 
tailed shall, while engaged, have the relative grade Captain 
Major the Corps Engineers, determined the Chief 
Engineers, and provided, further, that neither assistant engineers nor 
the Corps Engineers shall detailed charge river 
and harbor districts divisions until they have had least five 
years’ experience river and harbor work.’ 

“The general purpose this amendment increase the efficiency 
the services both the corps engineers whole and the 
civil engineers employed that corps, giving the civil engineers 
such recognition rank grade the actual service performed 
them justifies, all ‘to determined the Chief 
making this wish distinctly understood 
making statement argument prejudicially affecting the proposed 
increase the Engineer Corps the Army contemplated the Bill. 
our conviction that the desired recognition the civil engineers 
the service the Engineer Corps the Army should made 
the manner set forth the proposed amendment Section irre- 
spective any other provision the Bill. other words, the pro- 
posed amendment not intended affect any manner whatever 
other provisions the Bill. 

“As you are aware, many civil engineers are employed works 
river and harbor improvement under the general supervision the 
engineer officers the Army. most cases the immediate execution 
these works placed the hands the civil engineers thus em- 
ployed the officers the Corps Engineers. this sound basis 
engineering experience many them have become eminent their 
professional attainments and have rendered service positions 
great actual responsibility the design and construction all parts 
river and harbor works. They not only acquire great technical skill 
but are frequently called upon organize forces for the economical 
and effective prosecution works great difficulty and importance. 
Such capacity receives substantial recognition civil life, but work 
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under the supervision the Engineer Corps the Army the civilian 
can never rise above the grade Assistant Engineer, one the lower 
grades the civil engineering profession, grade which the service 
the Government commands only relatively low pay and usually 
receives little credit for work done. 

“The work the civil engineer rapidly becoming specialized, 
and the civil engineers employed river and harbor works form 
special class. Although years experience they become highly 
proficient this specialty, time passes, they take other branches 
professional work with increasing difficulty; yet large number 
civil engineers are withdrawing from this field and obtaining more 
remunerative work elsewhere. believe that the civil engineers the 
river and harbor works have had small part the efficient conduct 
these works for which the Engineer Corps the Army justly receives 
great credit. This credit belongs the entire organization engaged 
upon these works—army and civil engineers together—and the efficiency 
the service would promoted using the full limit the capacity 
all its parts. 

“Tt may confidently stated that even the most conscientious and 
able professional men cannot expected accomplish the most 
effective results for the Government under the circumstances. The 
great works throughout the country private and public corporations, 
including municipal and state governments, exceeding value many 
times that the works all classes constructed the federal 
government, are originated civil engineers nearly all cases. They 
are designed and constructed from their initial conception their 
completion, and are subsequently maintained and operated civil 
engineers. All the great organizations office and field required 
such works are, whole, created civil engineers with 
effectiveness and economy certainly not excelled the execution 
the works the federal government. 

examples effective organizations created civil engineers 
might cited, but will mention only two, both the highest 
importance: 

“The first these the construction now progress for the addi- 
tional water supply the City New York. The estimated cost 
the completed work The engineering numbers 
about 500. ability, integrity and devotion duty this 
organization not excelled any other within our knowledge, mili- 
tary civil. 

“The second example the Panama Canal, which think will 
the greatest engineering work ever yet undertaken. The 
entire organization that great work was created and its successful 
operation for about two and half years was conducted civil engi- 
neers, far that organization affected the engineering work the 
project. The Department Engineering and Construction, the De- 
partment Materials and Supplies, the general plan and layout 
handling both dry and wet throughout the entire extent 
the work, the general features its excavation, the character appli- 
ances which have since been the phenomenal progress 
the work whole, the general scheme office and field organiza- 
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tion, well the hospital organization, the quarantine organization 
both Colon and Panama and the sanitary work all its branches 
throughout the whole extent the canal; fact, all the main features 
the work were completely organized, put effective working condi- 
tion and accomplished results magnitude within the first year the 
life the Isthmian Canal Commission, and was continued for the 
first two and half years the existence that Commission, under 
civil engineer Chief Engineer, with engineering organization 
created, maintained, and effectively managed him; all which can 
verified reference the early annual reports and other official 
documents the Isthmian Canal Commission. Undoubtedly there 
have been many subsequent developments the progress this great 
work under the admirably effective management the Engineer 
cers the Army since they took charge it. have only expres- 
sions praise for what they have done with such energy and efficiency, 
but simple statement fact that the original 
all its parts which has since been found well adapted the 
accomplishment its purpose was created all its main features and 
set efficient operation civil engineers. 

“The injustice civil engineers employed river and harbor 
works inherent the present system has long been recognized 
many fair-minded officers the Corps Engineers, but they have 
been powerless, under the existing laws, remedy it. The amend- 
ment proposed Section the pending Bill, enacted, will give 
full power the Chief the Corps Engineers remedy the in- 
justice, with, believe, great increase efficiency the organization 
whole and benefit the public which serves. 

“The changes proposed introduced into Section the 
draught submitted you our committee the hearing the 9th 
inst. are three: the first line the words ‘or advisable’ are inserted 
after the word ‘necessary,’ that the Chief Engineers may not 
constrained follow narrow interpretation the term ‘necessary 
the words inserted would increase his authority and give him the 
unquestionable right assign his civil engineers positions 
greater responsibility when, his opinion, the public interests would 
served such assignment; 2nd—By the provision relative rank 
standing would given civil engineers serving such respon- 
sible capacity commensurate with the experience the engineer and 
the importance the duties performed; this would particularly 
desirable while such engineers are acting members Boards 
Engineers organized within the Corps. would matter simple 
justice, well good business administration government affairs, 
establish this relative equality rank among engineers employed 
like duties with like responsibilities; 3rd—Experience engineer- 
ing work required both civil and military employes the Gov- 
‘ernment before highly responsible duties can assigned them. 
Instances have occurred where river and harbor districts have been 
placed under the charge recent graduates from West Point, whose 
training and engineering experience would not have carried 
them, civil life, beyond the grade instrumentman. respect- 
fully submitted that the public interests must harmed such 
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assignments, and that the duty would better performed 
experienced assistant engineer. 

the hearing before the Committee Military Affairs questions 
were asked regarding the effect advisability the last provision 
the proposed amendment, e., ‘that neither assistant engineers nor offi- 
cers the Corps Engineers shall detailed charge river and 
harbor districts divisions until they have had least five years’ ex- 
perience river and harbor work.’ believed this committee that 
only engineers skill and experience should responsible charge 
works importance and that some definite criterion measure 
should indicated reasonable guide for the Chief Engineers 
making details appointments. realize that within proper 
limits should have opportunity for the exercise his discretion, 
but seems that some such provision that indicated would 
from responsibility which otherwise might under certain 
least embarrassing. The cases are extremely rare 
where experience and judgment engineering work justifying the 
assignment responsible duties have been acquired less than five 
years. 

“We however, that the officers the Corps Engineers 
have engineering experience other constructions than those river 
and harbor improvement. Much the work fortifications, for exam- 
ple, engineering high order, and would well broaden the 
language the proposed amendment substituting the last line 
for the words ‘river and harbor work’ the words ‘works engineering 
construction.’ 

“During our hearing before your honorable Committee, attention was 
called the fact that the proposed amendment contains provision 
regard the rate pay assistant engineers having the relative 
rank Captain Major, and the opinion was expressed one our 
number that reason was seen why the compensation well the 
responsibilties and obligations should not the same those Offi- 
cers the Corps Engineers performing like duties; this committee 
agrees with those expressions. The omission specific mention the 
proposed amendment was, however, intentional, our purpose being 
leave this for the fair consideration and decision the Chief 
Engineers. 

“This committee has given these features the proposed condi- 
tions service most careful consideration, and fail find that any 
confusion responsibilities official grade, other prejudicial 
result can flow from the provisions the proposed amendment they 
should put into force. the contrary are convinced their 
wisdom and that they would add materially the efficiency the 
service the Engineer Corps, and correspondingly advance the inter- 
ests the administration this branch the Federal Government. 

“Very respectfully, 
“(Signed) Chairman, 
“S. 
Burr, 
“ALFRED 
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THE LICENSING CIVIL ENGINEERS 


the Society meeting April 6th, 1910, the Secretary reported 
follows: 


the meeting the Society, March 16th, 1910, telegram 
addressed the Secretary from Hon. Raldiris was read, 
which asked the support the Society for Bill, which had 
introduced the New York Assembly, for the licensing Civil Engi- 
neers. Bill was, request, read full the Meeting, and 
resolution was adopted referring the whole matter the Board Di- 
rection, and instructing the Secretary communicate once with 
the Committee Public Education, stating that action, and request- 
ing that the consideration the Bill deferred until the Board could 
take the matter and communicate with the Committee further. 

President Bensel, Past-President Noble and Wm. Burr, Am. 
Soe. E., appeared before the Committee Albany, and the pres- 
ent time understood that the Bill referred has been withdrawn 
temporarily, but that some Bill which provides for the licensing 
Engineers will presented later. 

The matter was considered the Board Direction meeting 
held April 5th, and the following resolution was adopted: 


“Resolved, That the sense the Board that the duty 
the American Society Civil Engineers use its influence the 
proper formulation all legislation the General Government, 
any the States the Union, which affects the practice Engi- 
neers; and the Board recommends the appointment the Society 
Committee whose duty shall formulate the general lines 
which such legislation should based, and that said Committee 
requested report the next Annual Convention.” 


The subject was discussed some length the meeting, and the 
President was authorized appoint Committee (for the purposes set 
forth the resolution the Board) five, which shall 
Chairman; report the next Annual Convention. 

The President subsequently appointed the following committee: 

Chairman, 
Burr, 

JAMES OWEN, 

Warren 
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SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers, which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 


Proceedings, Vol. (January, 1907). 
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opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 

Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Association Members the Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held the 
Fairmont Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
the Association, Thurston, Jr., Assoc. Am. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
and any such member will gladly guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 
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(Abstract Minutes Meeting) 
February 18th, 1910.—The meeting was called order; Franklin 

Riffle, President, the chair; Thurston, Jr., Secretary; and 

present, also, members and guests. 

President Riffle read his Inaugural Address, which, motion, was 


The matter the proposed coalition the several Engineering 
Societies San Francisco, particularly with respect centralization 
headquarters, was introduced the Secretary, who read letter 
from Otto von Geldern, Am. E., stating his attitude re- 
gard the matter. motion the matter was referred the Board 
Directors, with instructions consult with committees from other 
Societies, and report the next meeting. 

paper Kempkey, Jr., Jun. Am. (now M.), 
Concrete Water Tower,” was read, and the subject was discussed 
Messrs. Adams, Bos, Couchot, Marx, Tower, and others. 
Adjourned. 


Colorado Association 


(Abstract Minutes Meeting) 


March 1910.—The meeting was called order; Crocker, 
President, the chair? Burt, Secretary; and present, also, 
members and 

The minutes the February meeting were read and approved. 

letter from the Secretary the Society was read, advising that 
the resolution requesting the appointment committee “Wood 
Preservation,” had been adopted the Society, and would con- 
sidered the meeting the Board Direction April 5th, 1910. 

The Secretary read preliminary report the Committee 
Legislation, presented George Anderson, Am. Soc. The 
chief items this report were follows: Proposal transfer the 
internal revenue funds the State from the Legislature the State 
Highway Commission; revision the legislation regarding the form- 
ing drainage districts; payment all Water Commissioners the 
State; the establishing State hydraulic survey; legislation regulat- 
ing the practice the profession engineering. 


Adjourned. 


ordered printed and distributed all members the Society the 
State. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 
Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 
American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 
dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 
Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 
Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 
Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 
Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 
Civil Engineers’ Society St. Paul, St. Paul, Minn. 
Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 
Cleveland Institute Engineers, Middlesbrough, England. 
Colorado Association Members, Am. Soc. E., 
Secy., 235 Equitable Building, Denver, Colo. 
Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 
Engineers’ Club Baltimore, Baltimore, Md. 
Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 
Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 
Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 
C., England. 


Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 


London, 
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Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 


North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 


Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 


Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 
Rochester Engineering Society, Rochester, 


Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 


Sociedad Colombiana Ingenieros, Bogota, Colombia. 


Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, W., 


London, England. 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From March 8th April 11th, 1910) 


DONATIONS* 
DIAGRAMS FOR DESIGNING REINFORCED CONCRETE STRUCTURES. 


Including Diagrams for Reactions and Strengths Steel Beams. 
Dodge. Boards, in., illus., 104 pp. New York 
and Chicago, The Myron Clark Publishing Co.; London, 
Spon, Ltd., 1910. 


his diagrammatical treatment this subject, the author’s aim has been, 
stated, offer method developing the greatest saving possible the 
detail work designing reinforced concrete with exact formulas. Such 
method, acceptable, states, must based theoretically correct formulas 
and embody all the requirements building ordinances various 
must rapid and accurate application; and possible, must give 
glance the final result changing any one more the assumed variabilities 
design. which believes will fulfill all these requirements, 
here offered. This book intended fill the needs designing engineers and 
architects who are familiar with the nature the materials used and with 
the theories flexure entering into problems design, and does not include 
elementary treatise the subject. The diagrams are constructed partial 
step solutions which are stated particularly adaptable the complicated 
theoretical formulas reinforced concrete. The solutions are said uni- 
versal their application that they may used investigate the stresses 
under given loadings, the carrying capacities existing structures, well 
design members for new construction. Four values the ratio moduli 
elasticity, have been used, namely 12, 15, 18, and 30. The Contents are: 


Formule and Discussion: Straight Line Variation Stress; Parabolic Varia- 
tion Stress, Ultimate Loads; Miscellaneous. 


THE AMERICAN TRANSPORTATION PROBLEM. 


Study American Transportation Conditions. John Howe 
Peyton, Am. Second Edition. Paper, in., illus., 


311 Louisville, Ky., Courier-Journal Job Printing Com- 
pany, 1909. cents. (Donated the Author.) 


secondary title stated that this study was made view 
ascertaining what policy Americans should adopt order effectively meet 
existing conditions and prepared continue lead the nations the march 
progress and The author states that his impression that all the 
recent agitation for improving inland waterways due prejudice against 
railroads and general lack information actual transportation conditions 
rivers and canals well railroads, and while has hope that his 
investigations will have any effect modifying the popular craze for inland 
waterways, feels sure that study the data contained this book will 
convince one that the commercial navigation American inland waterways 
economically impossible, matter what may expended their improvement. 
The Contents are: The Relation Between Transportation and World Progress; 
Veins and Arteries the Body Politic: Great Men vs. Demagogues; Inland 
Waterways; Reservoirs; Existing and Prospective Conditions; American Canals 
Less Than Twenty Feet Depth; The Lakes-to-the-Gulf Deep Waterway (Chi- 
cago the Gulf Current Arguments Favor Inland Waterways; 
Comparisons Speed and Efficiency; Comparisons with Traffic 
Comparisons with Traffic the Ohio River; Comparisons Between Railroad and 
Water Rates; Senator Knox’s Pittsburg Address; The Deep 
Waterway Again (Chicago St. Louis); Mississippi River—St. Louis the 
Gulf; The Upper Mississippi River; The Black Warrior River: The Columbia 
River and Some Other Inland Waterways; The Railroads; Conclusion. 


FORMULAIRE DES CENTRAUX. 


Résumé par Ordre Alphabétique des Cours Projets 
Centrale des Arts Manufactures. Par Third Edition, Re- 
vised, Corrected, and Enlarged. illus., 462 pp. 
Paris, Dunod Pinat, 1910. franes centimes. 


*Unless otherwise specified, books this list have been donated the 
publisher. 
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ANNUAIRE STATISTIQUE DESCRIPTIF DES DISTRIBUTIONS D’EAU 


France, Algérie, Tunisie Colonies Frangaises, Belgique, Suisse, 
Grand-Duché Luxembourg. Par MM. Imbeaux, Devos, 
Van Lint Bétant, Peter, Klein. Second Edition. Paper, in., 
illus., 1550 pp. Paris, Dunod Pinat, 1909. 


The preface states that this book contains history the distribution and 
purification the water supplies cities and towns the French speaking 
countries Europe and Africa, and corresponds the American 
Water-Works” the United States. For France, Algeria, and Tunis, cities and 
towns are arranged alphabetically under the Departments; for Belgium, the 
Grand Duchy Luxembourg, and Switzerland, the arrangement alphabetical 
cities and towns. Under each place are given the population, date installa- 
tion works, short description the water purification works and, some- 
times, the sewerage system, the cost the works, and the name the 
engineer; together with the sources supply, method and rate distribution, 
bacterial analysis. etc. The Contents are: Preface; France; Algérie Tunisie; 
Colonies Francaises; Belgique; Grand-Duché Luxembourg; Suisse; Tables 
Index Analytique des Annonces; Table Alphabétique des Annonces. 


INSPECTOR’S HANDBOOK REINFORCED CONCRETE. 


Walter Ballinger, Am. Soc. E., and Emile Perrot, 
The Engineering News Publishing Co.; London, Archibald Constable 
and Company, Ltd., 1909. $1.00 net. 


The authors, publishing this small volume, hope, stated, fill 
place the literature reinforced concrete not covered others. They also 
state that personal contact with inspectors and their view-points various 
details the work, convince them that such book instruction necessary, 
and while they not inform the inspector regard all his duties, they 
have endeavored point out the essentials governing the construction re- 
inforced concrete buildings. The process construction actual work has 
been followed throughout the book, and appendix which embraces formulas 
and tables used calculating the strength reinforced concrete, in- 


cluded. The Contents are: Forms Falsework; Reinforcement; Concrete; 
Appendix; Index. 


MODERN COKING PRACTICE, INCLUDING THE ANALYSIS MATERIALS AND 
PRODUCTS. 


Handbook for Those Engaged Coke Manufacture and the 
Cloth, illus., 156 pp. New York, The Norman 


Henley Publishing Co.; London, Crosby, Lockwood and Son, 1910. 
$3.50 net. 


This book stated amplification series lectures delivered 
one the authors class men engaged coke ovens, and the authors 
hope that will also prove useful and benefit those who are engaged 
coke manufacture who contemplate the laying down plant, 
the subject-matter having been kept date nearly possible. The 
Contents are: General Classification Fuels; Coal Washing; 
The Sampling and Valuation Coal, Coke, etc.; The Calorific Power Coal 
and Coke; Coke Ovens; Charging and Discharging Coke Ovens; Cooling and 
Condensing Plant; Gas Exhausters; Composition and Analysis Ammoniacal 
Liquor; Treatment Waste Gases from Sulphate Plants; Valuation Am- 
monium Sulphate; The Direct Recovery Ammonia from Coke Oven Gases; 
Surplus Gas from Coke Ovens; Useful Tables; Index. 


THE FIELD PRACTICE RAILWAY LOCATION. 


Willard Beahan, Am. Second Edition. Cloth, 
illus., 254 pp. New York, The Engineering News 
Publishing Company, 1909. $3.00 net. 

The first edition this book was published 1903. the preface 


the first edition, stated that the object the book record the methods 
commonly used American engineers the West the location rail- 
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roads, built since the Civil War. The book written from the standpoint 
who are about make their first location, and students. The nomenclature 
that used field work, and where the term colloquial, quotation marks 
are used. The chapters, well the topics within each chapter, are ar- 
ranged the order which problems railroad location would naturally 
arise. chapter devoted topography and much emphasis has been placed 
reconnaissance work. The chapter Locomotives contains only those ele- 
mentary principles locomotive design, proportion and capacity which locat- 
ing engineer must know. this, the second edition, all known errors have 
been corrected, stated, dnd the book has been revised and rearranged. 
rections units railroading have been made wherever necessary. The Contents 
are: Preface; The Character Road; Reconnaissance for Route; Organi- 
zation, Subsistence, and Equipment Parties; Preliminary Survey; Geology 
Its Relation Topography; The Locomotive; Train Resistances; Cost and 


Capitalization; The Located Line; Records and Cost Surveys; Appendix; 
Index. 


HENLEY’S ENCYCLOPEDIA PRACTICAL ENGINEERING AND ALLIED TRADES, 
VOL. 


Practical and Indispensable Work Reference for the Mechan- 
ical Engineer, Designer, Draftsman, Shop Superintendent, Foreman, 
and Machinist. Edited Joseph Horner, Inst. Half 
Publishing Co., 1907-08. per vol., $25 for set vol. 


These volumes are but two set five which comprise the whole work. 
stated that this publication which embraces the entire practice civil 
and mechanical engineering, deals with the subject from the practical standpoint. 
The articles relating the practice various trades are stated have been 
written men who are familiar with the subject, and those which are treated 
mathematically, are discussed men who combine practical experience with 
scientific training. The articles are said brief, yet clear and explicit state- 
ments the subjects are made. The whole work well illustrated with working 
drawings, diagrams, and photographs, and many cross-references are used 
facilitate the work those looking any subject. 


MUNICIPAL FRANCHISES. 


Description the Terms and Conditions Upon Which Private 
Corporations Enjoy Special Privileges the Streets American 
Cities. Vol. Introductory: Pipe and Wire Franchises. Delos 


Gervaise Press; New York, Engineering News Book Department, 
1910. $5.00 net. 


the preface this, the first volume this work, the author states that 
devoted analysis and description municipal franchises they exist 
actual operation’ American cities. Franchises for electric light and power, the 
telephone, telegraph, electrical signals, electrical conduits, water supply, sewerage, 
central heating, refrigeration, pneumatic tubes, oil pipe lines and artificial 
and natural gas, are discussed. most cases brief sketch given 
the history and importance the utility and the special ways related 
the city. This followed description typical franchises actual opera- 
tion various cities the United States. The second volume (to issued 
later) devoted discussion the various classes transpor- 
tation and terminal franchises, and general. observations conclusions 
regard the taxation and control public The Chapter Headings 
are: How Franchise Rights are Acquired; What Franchise Signifies; Monopoly 
Profits, and Ways Limiting Them; Injuries Individuals, and Ways Pre- 
venting Them; Temptations Public Wrong, and Ways Overcoming Them; 
Electric Light, Heat and Power Public Utility; Franchise Conditions 
Imposed Light and Power Companies; The Telephone; Telephone 
Franchise Regulations; The Telegraph and the Conditions Imposed Upon 
Local Authorities; Messenger and Signal Franchises; Electrical Conduits; Water- 
Works and Water Supply Franchises; Sewer Franchises; Central Heating Fran- 
chises; Refrigeration Franchises; Pneumatic Tubes and the Franchises Under 
Which They are Operated; Oil Pipe Line Franchises; Artificial and Natural Gas 
Public Utilities; Gas Franchises Where Only Artificial Gas Available; Gas 


Franchises Cities Within Reach Natural Gas Fields; List Authorities; 
Index. 
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BRIDGE AND STRUCTURAL DESIGN. 
Chase Thomson. Second Edition. 


192 pp. New York, The Engineering News Publishing 


Company; London, Archibald Constable and Company, Limited, 1910. 
$2.00 net. 


Although this book intended principally for students and draftsmen, there 


are parts, stated, which may interest practicing bridge designers. has 
been developed from lectures given the author under the auspices 
the Dominion Bridge Company, the object being teach the elements bridge 
and structural design simple and practical manner. this edition, the author 
states, the subject-matter has been entirely re-written and the illustrations re- 
drawn, much that new having been added. the Contents, Articles 
treat general principles design, and Articles treat typical 
structures which the stresses are analyzed, the members proportioned, and the 
details carefully worked out. The remaining Chapter Headings are follows: 
Example Office Building Construction; The Design Simple Roof Truss; 
The Design Roof Truss Supported Steel Columns; The Design Plate 
Girder; The Design 50-foot Through Warren Girder Highway Bridge; The 


Design Pin-Connected Pratt Highway Bridge; Coefficients for Stresses 
Index. 


Am. Ry. Bridge and Bldg. vol. 


Am. Street and Interurban Ry. Assoc. 
2 pam. 

Am. Water Works Assoc. bound vol. 

Baltimore, Md.-Harbor Board. pam. 

Barcroft, Frederick bound vol. 

Barschall, Max. pam. 

Bengal, India-Irrig. Dept. vol., pam. 

Kgl. Technische 
pam. 


Boston, Mass.-Health Dept. vol. 


Brocton, Mass.-Water Commrs. pam. 

Brookline, Mass.-Water Board. pam. 

Burlington, Vt.-City Clerk. vol. 

Cal., Univ. of.-Univ. Press. bound vol. 

Cambridge, Mass.-City Messenger. 
bound vol. 


Canada-Geol. Survey Branch. pam. 

Canada-Dept. Marine and Fisheries. 
bound vol., plates. 

Canadian Civ. Engrs. vol. 

Cape Good Hope.-Irrig. Branch. 
pam. 


Carns, Paul. bound vol. 

Chicago, Indiana Southern Co. 
1 pam. 

Civ. Engrs.’ Soc. St. Paul. pam. 

Cleveland, Cincinnati, Chicago St. 


Louis Ry. Co. pam. 
Compagnie Congo pour Commerce 
pam. 
Decimal Assoc. pam. 
Depew, Chauncey pam. 
Detroit, Mich.-Board Water Commrs. 
1 pam. 
Eddy, Harrison pam. 
Eng. Soc. Wis. pam. 
Engrs.’ Club New York. 
Essex County, 
pam. 
Glasgow South-Western Ry. Co. 
pam. 
Great North Scotland Ry. Co. 
Highland Ry. Co. pam. 
Holyoke, Mass.-Board Water Commrs. 
pam. 


bound vol. 
Mass.-County Engr. 


pam. 


Gifts have also been received from the following: 


Illinois-State Geol. Survey. 
Institution Civ. Engrs. 
Institution Engrs. 

Scotland. 


bound vol. 
bound vol. 
and Shipbuilders 


bound vol., pam. 


Jackson, William. bound vol., 
pam. 

Commrs. pam. 

Kansas City-Western Ry. Co. pam. 

Kansas, Univ. of.-Eng. Exper. Station. 
pam. 

Kernot, Maurice pam. 

Lake Erie Western Co. pam. 


Lake Shore Mich. Southern Ry. Co. 


pam. 

Lehigh Univ. vol. 

Madras, India-Irrig. Branch. bound 
vol. 

Maine-State Commr. Highways. 
pam. 

Maryland-Geol. and Economic Survey. 

pam. 


Mass.-Bureau Statistics. pam. 

Mass.-R. Commrs. bound vol. 

Board Health. bound 
vol. 

Mich. Central Co. pam. 

Mich. Eng. Soc. bound vol. 

Midland South Western Junction Ry. 
Co. pam. 

Min. Soc. Nova Scotia. pam. 

National Cotton Manufacturers. 
bound vol. 

New Bedford, Mass.-Water Board. 
pam. 

New Jersey-State Water Supply Comm. 
pam. 

New Jersey Sanitary Assoc. pam. 

New York-Board City Record. 


bound vol. 

New York City-Dept. Finance. 
bound vol. 

New City-Health Dept. bound 
vol. 


New York City-Tenement House Dept. 
bound vol. 


New York State-Museum. 


bound vol. 


ACCESSIONS 


New York State-Public Service Comm., 
First Dist. bound vol., pam. 

New York-State Dept. Highways. 
bound vol. 

New York, Chicago St. Louis 
Co. pam. 

New York City. Bureau Municipal 
Research. vol. 


Newton, Mass.-Water Dept. pam. 

North British Ry. Co. 

Oberlin Coll. Library. 

Ohio-State Board bound 
vol. 

Board 
Health. vol. 

Pennsylvania Co. pam. 

Pennsylvania, Univ. of. vol. 


Philadelphia, Pa.-Bureau Surveys. 
bound vol., vol. 

Philippine Islands-Bureau Forestry. 
pam. 

President’s Homes Comm. vol. 

Providence, I.-Dept. Public Works. 
pam. 

Punjab, India-Irrig. Works. bound vol. 

Queensland, Australia-Water Supply 
Dept. pam. 

Reading, Mass.-Water Commrs. pam. 

Regia Universita’ Romana. vol. 

Rhode Commr. bound 
vol. 

America. pam. 


Royal Soc. New South Wales. vol. 

St. Louis Merchants Exchange. vol. 

St. Louis, Rocky Mountain Pacific Co. 
pam. 

St. Paul, Minn.-Board Water Commrs. 
pam. 
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Salem, Mass.-Water Board. pam. 

San Francisco Members, Am. 

Paulo (State), 
Geographica Geologica. vol., 
pam., maps. 

Soc. Ry. Club Secretaries. pam. 

Switzerland-Abteilung fiir Landeshydro- 
graphie. vol. 

Texas Pacific Ry. Co. pam. 

Transvaal-Mines Dept. vol. 

S.-Bureau Fisheries. bound vol. 

bound vol. 

pam. 


S.-Chf. Engrs. vol., pam. 

and Geodetic Survey. 
bound vol. 

bound vol. 

pam. 

vol., pam. 

the Library and Naval 
War Records. vol., pam. 

S.-Public Health and Marine Hospi- 

tal Service. vol. 


Steel Corporation. pam. 

Vermont, Univ. of. vol. 

Wellington, New Zealand-Harbour Board. 
pam. 

White, Sir William pam. 

Wilmington, Del.-Water Dept. vol. 

Winthrop Co., Robert. pam. 

Yale Univ. Library. bound vol. 


PURCHASE 


Air and Health. 
Company, New York, 1909. 


Vorlesungen uber Ingenieur-Wissenschaften. 


Ronald Campbell Macfie. 


Dutton and 


Georg Chris- 


Leipzig, 1910. 


Repertorium der Technischen Journal-Literatur, Herausgegeben 
Kaiserlichen Patentamt, 1908. Carl Heymanns, Berlin, 1909. 


The Design and Construction Internal-Combustion Engines; 
Handbook for Designers and Builders Gas and Oil Engines. 
Hugo Giildner. Translated from the Second Revised Edition, with Ad- 


ditions American Engines, 
pany, New York, 1910. 


Diederichs. Van ostrand Com- 


SUMMARY ACCESSIONS 
(From March April 11th, 1910) 


Donations (including duplicates)............... 
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MEMBERSHIP 


ADDITIONS 
(March 9th April 12th, 1910) 

MEMBERS 
ALBERT First Asst. Engr., Sewerage 
Comm. Baltimore, 904 American Bldg., Balti- 
BuRKE, HUBERT FRANCIS DAUBENEY. Director General 
Obras Publicas, Santo Domingo City, Santo Domingo. 
GOETHALS, GEORGE WASHINGTON. Chairman 
Engr., Isthmian Canal Comm., Culebra, Canal Zone, 
Engr. Office, Pemberton Sq., Boston, Mass...... 


HUMPHREYS, CLIFTON STEWART. Engr., (Snow 


Humphreys) Madison, Me.......... 
WILLIAM WILLETT. Asst. Engr., Boston Transit 
Comm., Oak St., Hyde Park, Mass............. 
Archt., and Engr., Russell Miller 
Milling Co., Minneapolis, Minn.................. 
SHERRON. Asst. Gen. The 
Washington Water Power Co., Spokane, Wash 
Lake Survey, 215 Old Custom House, Assoc. 
FREDERICK CHARLES. Div. Engr., Pub- 
lic Service Comm. for the First Dist., 
RAYMER, ALBERT Asst. Chf. Engr., Pitts. Lake 
RAFAEL ALVAREZ. Gen. Mgr., Cauca R., Cali, 
JAMES REESE. Engr. Branch Lines, Norfolk 
West. Ry. Co., 915 Nelson St., Roanoke, Va........ 
SILLIMAN, Asst. Engr., Norfolk West. Ry. 
(Res., 926 Nelson St.), Roanoke, 


tative, Trussed Concrete Steel Co., Wil- 
son Baltimore, 
THOMPSON, ARTHUR WEBSTER. Chf. Engr., 


Unter, Second Asst. Engr., 
State Roads Comm., Care, Johns Hopkins 


Assoc. 


[Society 
Date 
Membership. 

Mar. 1910 
1910 
1910 
April 1910 
1900 
April 1910 
April 1910 
Feb. 1910 
Mar. 1910 
Sept. 1907 
April 1910 
June 1902 
Mar. 1910 
Mar. 1910 
Jan. 1910 
Mar. 1910 
Mar. 1910 
1907 
April 1910 
June 1902 
April 1910 
Mar. 1910 


4 

4 


Affairs. MEMBERSHIP—ADDITIONS 


MEMBERS (Continued). 
WADDELL, CHARLES Cons. Patton Ave., 
Asheville (Res., Biltmore), 
WEIDMAN, WILLIAM 369 Williams Ave., Portland, 
sign, Hudson Manhattan R., Assoc. 
Churth St., New York City 


ASSOCIATE MEMBERS 


ALDERSON, WILLIAM Cons. Engr.’s 
Office, Co., Union Pacifie System, 


135 Adams St., Room 603, Chicago, Assoc. 


JAy. Asst. Engr., Chg. 
Constr., Contr. No. 11, Barge Canal, Jun. 


BINGHAM, CLARENCE ARMINGER. City Engr., Jun. 

Asst. Div. Engr., Philadelphia 
Terminal Div., R., Room 26, Thirty-second and 
Powelton Ave., Philadelphia, 


BuLLEN, Roy. Fifth East, Salt Lake Jun. 

Jun. 


Day, Asst. Engr., John 
Leonard, 344 North Willard St., San 


EpWARDS, LLEWELLYN NATHANIEL. Box 362, Mon- 


JEROME Henry. Asst. Engr., Jun. 


Reclamation Service, Montrose, Colo.... Assoc. 


Fisk, ANDREW Care, Reclamation Ser- 


Forp, (Ford Room 223, 

HAMILL, WILLIAM Care, Hudson Valley Constr. 

CHARLES ARTHUR. Prof. Civ. Eng., 

Thayer School Eng., Dartmouth Coll., 

> 


Service, Chg. Huntley Project, Huntley, Mont.... 

Leroy. Civ. Engr. for John 
Galen Howard, Archt., 604 Mission St., 


Membership. 

Mar. 1910 
Feb. 1910 
Sept. 1898 
Feb. 
April 1910 


Date 
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1905 
1910 


1906 
1910 


1906 
1910 


1910 
1906 
1910 
1906 
1910 


1906 
1910 


1910 
1906 
1910 
1909 
1910 


1910 


1905 
1910 


1916 


1906 
1910 


Dee. 
Mar. 
Feb. 
Mar. 
Nov. 30, 
Nov. 
Mar. 
Mar. 


184 MEMBERSHIP—ADDITIONS 


ASSOCIATE MEMBERS (Continued). 


Eng., Worcester Polytechnic Inst., Wor- 


AUGUSTUS, JR. 224 Mountain Jun. 


HARRY CHANDLER. Care, Kittredge Concrete 
Co. (Res., Werner Park), Rochester, Y...... 
LANG, Asst. Supt. and Insp., 
Bldgs., Room 727, Custom House, New York City... 
LUDLOW, JUSTIN Asst. Prof. Jun. 
tural Eng., Lewis Inst., Chicago, 
trick, Kern Co., Cal 
MARTIN, WILLIAM FRANKLIN. Chf. Hydrog- 


8 


Jun. 


rapher, Territory Hawaii, Dept. 
Assoc. 


Public Works, Honolulu, Hawaii 
Eng., Mass. Inst. Tech., Washington 
NAVARRETE, SALVADOR Morelos 25, Mex- 
FRANK. Engr. Bridge and Harbor Dept. 
City Engr.’s Office, 103 Bernon St., Providence, 
Bldg. Insp., 497 East 27th St., Portlana, 
Assoc. 
CLAUDE 366 Capp St., San Jun. 
Sears, Harvey. Div. Engr., Charles River Basin 
Comm., 367 Boylston St., Boston, Mass............ 
Asst. Engr., Met. Sewerage 
Comm. New York, 142 Columbia Heights, Brook- 
SNELL, 247 North 6th St., Newark, 
CRAMER. Asst. Engr., Inter- 
borough Rapid Transit Co., 165 Broad- Jun. 
way (Res., 615 West 144th St.), New 
WEIDNER, CARL Instr. Hydr. Eng., 
Univ. Wisconsin, West Gilman Jun. 
Wueat, Box 72, Station Hous- 


Date 
Membership. 
1901 
April 1910 
Mar. 31. 1903 
Feb. 1910 
Mar. 1910 
Mar. 1910 
April 
1910 
1906 
1910 
Mar. 1907 
Feb. 1910 
April 1908 
April 1910 
Mar. 1910 
April 1910 
April 30, 1907 


Feb. 


Mar. 
Mar. 


April 
April 
April 
April 


Jan. 
April 


Feb. 
April 


Jan. 


[Society 


28, 


1910 


1907 
1910 


1910 


1910 


1910 


1910 


1905 
1910 


1905 
1910 


1910 
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MEMBERSHIP—ADDITIONS 


ASSOCIATE MEMBERS (Continued). 
WILSON, WILLIAM RENFREW. Care, Imperial Rys. North 
WINSLOW, CARLILE PATTERSON. Care, Tenn. Coal, Iron 
Co., Birmingham, Ala 


ASSOCIATE 
ROWNTREE, BERNARD. (Burdett-Rowntree Mfg. Co.), 147 
West 26th St., New York City 


JUNIORS 
BEARD, VIVIAN DANGERFIELD. Instr. Civ. Eng. Dept. 
Iowa State Coll., Station Ames, Iowa.......... 
BusHWAY, WALTER BENJAMIN. 323 Broadway, Cambridge, 
Davis, ROLAND Instr. Civ. Eng., Cornell Univ., 
Lincoln Hall, Cornell Univ., Ithaca, Y.......... 
ALLEN STEWART. 300 Maple Ave., Swissvale Sta- 
ENTEMANN, Max. Asst. Engr., Service Comm., 
First Dist.; Address, 872 East 18lst St., New York 
FARRINGTON, HAROLD Care, Viele, Blackwell 
ISAAC OBERHOLZER. Care, Bartell Ranney, Ave. 


KITTREDGE, FRANK ALVAH. Res. Engr. for State Highway 
Dept. Wash., 4130 Eleventh Ave., E., Seat- 
McCAMPBELL, ALFRED KESSINGER. Care, Tech. School, 
Seezuen Chentu, China, via Shanghai.... 


Hunter. 2802 Mountain Ave., Birmingham, Ala. 


Marston, Asst. Engr. with Metcalf 
Eddy, Boston (Res., Haley St., Roxbury), 
MILLARD, WILLIAM JOHN. Care, Beatty, Broad- 
Rurus. Engr. and Contr. (Ogier, Silsbee 
Ogier), 710 Majestic Bldg., Denver, Colo........ 
Day Ira. Chf. Engr., The Kettle River Co., 405 
Towa Loan and Trust Bldg., Des Moines, Iowa 


RAMSER, CHARLES Instr. Civ. Eng., Brooklyn 
Inst.; Address, Pierrepont St., Brook- 
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Jan. 1910 
1910 
April 1910 
April 1910 
Nov. 1909 
Mar. 1910 
Mar. 1910 
Mar. 1910 
April 1910 
1909 
1909 
Nov. 30, 1909 
1910 
Mar. 1910 
Nov. 30, 1909 
Jan 1910 
1910 
Nov. 30, 1909 
Jan. 1910 
1910 
Mar. 1910 


= 
q 
WALTER WILLIAM. 553 East 114th St., Cleveland, 
JORDAN, Myron 523 East 18th Ave., Denver, 
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JUNIORS (Continued). Date 
Membership. 
READ, 167 Washington Ave., San Jose, Cal........ Nov. 1909 


Scott, JAMES Draftsman, Bridge Dept., 
Cent. Co., Room 1000 Central Station, 


STEINMAN, Davip BERNARD. Instr. Theory and Practice 

Surveying, ete., City College; Address, Seventh 

CHARLES Care, White Co., Bay- 

TIMBERLAKE, SETH MARTIN. Cornwall-on-Hudson, Y.... 1910 
CHARLES 2p. Middletown, Oct. 1909 
WARNER, GLENN. Care, Office Asst. toPres., Cin., Hamil- 

ton Dayton Ry. Co., Cincinnati, Ohio.......... Jan. 1910 


YARNELL, Leroy. Asst. Drainage Engr., Dept. 
Agri. Drainage Investigations, Washing- 


CHANGES ADDRESS 
MEMBERS 


ALDEN, CLARENDON. Asst. Engr., Bureau Sewers, Municipal 
Bldg., 177th St. and Ave., Borough The Bronx, New York City. 

THOMAS HENRY. Care, Bergen Point Iron Works, Foot West 
5th St., Bayonne, 

THOMAS. Supt. Constr., Post-Office, East St. Louis, 

BAYLISS, JOHN YANCEY. 5275 McPherson Ave., St. Louis, Mo. 

Asst. Engr., Ry., Cor. Hilda and Daly Sts., 
Missoula, Mont. 

BISSELL, CLINTON Asst. Engr., Co., Worthington St., 
Winfield, 

Frep Asst. Engr., Jacksonville, Fla. 

CASE, JAMES Director Works, Philippine Islands, and 
Chf. Engr., Dept. Sewer and Water-Works Constr., Manila, Philip- 
pine Islands. 

CoANE, JoHN Civ., Hydr. and Min. Engr., Queen St., 
Melbourne, Victoria, Australia. 

Conway, GEORGE ROBERT GRAHAM. Chf. Engr., Monterrey Ry., Light 
Power Co., Ltd., Monterrey Waterworks Sewer Co., Ltd., Apartado 
348, Monterey, L., Mexico. 


FRED STEERE. Arlington Apartments, Edmonton, Alberta, 
Canada. 


WALTER Riverside, Cal. 


HERRICK. Care, Dominion Bridge Co., Ltd., Montreal, Que., 
Canada. 


Forp, Porter 601 West 168th St., New York City. 


Affairs. 


ADDRESS 


MEMBERS 


FREELAND, CHESTER SHEPARD. Civ. and Cons. Engr., Eugene, Lane Co., Ore. 

ALBERT Cons. Engr., West St., New York City. 

Gray, Cons. Engr., 2945 Magnolia St., Berkeley, Cal. 

Henry 2411 North Proctor St., Tacoma, Wash. 

HARMAN, Asst. Engr., with Miss. River Comm., 
1307 Liggett Bldg., St. Louis, Mo. 

ROBERT GRAHAM. for Jno. Carter Co., Contrs., 
Sidney, Ohio. 
WILLIAM. Praca Maio No. Sao Vicente, Santos, Brazil. 
KELLER, CHARLES. Maj., Corps Engrs., A.; Engr., Dist., 
Chg. Lake Survey, Engr. Office, Rock Island, 
Dean, Coll. Eng., and Prof. Civ. Eng., Univ. 
Colorado, Boulder; Address (Crocker Ketchum, Cons. Engrs.), 
438 Century Bldg., Denver, Colo. 

Layton, Hupson Civ. and Cons. Engr., 2501 Henry Oliver 
Bldg., Pittsburg, Pa. 

Henry Murphy South Yarra, Melbourne, Victoria, 
Australia. 

JEHUD. Gen. Contr., Salle St., Chicago, 

MILLARD, CHARLES STERLING. Fngr., Track and Roadway, C., St. 
Ry., Cincinnati, Ohio. 

Morrison, HARRY JOHNSON. 430 Simpson Peekskill, 

Morrow, JAY JOHNSON. Maj., Corps Engrs., A., Room 321, Custom 
House, Portland, Ore. 

MUNSTER, ANDREW Cons. Engr., 444 Central Bldg., Seattle, 
Wash. 

Henry Lewis. Asst. Engr., Service Comm., 565 Fifth 
Ave. (Res., 429 Sixteenth St.), Brooklyn, 

OLIVER, EMERY. Room 312, Oschner Bldg., Sacramento, Cal. 

PARKER, ORLANDO KENTON. Cons. Engr., Box No. Los 
Angeles, Cal. 

WILLIAM Supt. Constr., Stone Webster Eng. 
Box 453, Columbus, Ga. 

REED, MELVILLE 375 East St., North, Portland, Ore. 

WILLIAM 4260 Twenty-second Ave., E., Seattle, 
Wash. 

Sims, ALFRED VARLEY. Byrdville, Va. 

WALKER, FRANK Ashland, Ore. 

WATSON, WILLIAM Parsons. Special Engr., St. San Fran. R., 915 
Frisco Bldg., St. Louis, Mo. 

WEEKS, WILLIAM CHARLES. Contr. Engr., Hasting St., W., Vancouver, 
C., Canada. 


WROTNOWSKI, ARTHUR FRANCIS. Tampico Nav. Co., Hermosillo, Sonora, 
Mexico. 
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ASSOCIATE MEMBERS 

Chf. Engr., Bureau Highways and Bridges, Dept. 
Public Works, Arsenal, Havana, Cuba. 

BANCE, CHARLES WILLIAM. Engr. and Contr., Montgomery Jersey 
City, 

JOSEPH CARROLL. Contr. Engr. (J. Barr Co.), Joplin, Mo. 

BELCHER, WALLACE Structural Engr., Byllesby Co., 
218 Salle St., Chicago, 

BENNETT, CHARLES Fulton Bldg., Astoria, Ore. 

BLANCHARD, 730 North Lefferts Ave., Richmond Hill, 

JOHN CHARLES. Designing Engr., Holabird Roche, Archts., 
1618 Monadnock Bldg., Chicago, 

LAWRENCE CALVIN. Supt., Pittsburg Constr. Co., Elmsford, 

BRINKLEY, Asst. Engr., Ry., 310 King St. Station, 
Seattle, Wash. 

CARBERRY, RAY SHEPPARD. Supt., Water Co. No. Imperial, Cal. 

CHAMBERS, Henry Wick. Asst. Engr., Office Vice-Pres. and Gen. Mgr., 
R., 1012 Grand Central Station, New York City. 

CHARLESWORTH, WILLIAM County Engr., Karaka, Poverty Bay, 
New Zealand. 

Highland Falls, 

Davis, JAMES Asst. Board Water Supply, City New 
York, Ware Ave., Yonkers, 

Henry. Eng. Contr., Box 454, San Antonio, Tex. 

ARTHUR Res. Engr., Dock, Toledo, Ohio. 

FENKELL, NEAL CHARLES. 228 Baldwin Ave., Detroit, Mich. 

THoMAS Civ. and San. Engr., The Fountain-Shaw Eng. 
Co., 308 Andrews Bldg., Dallas, Tex. 

FREEMAN, Harvey. Asst. Engr., Board Water Supply, New York 
City, Stone Ridge, Ulster Co., 

WILLIAM LOANE. Engr. Chg. and Constr., Bolivian 
Branches Antofagasta Bolivia, Oruro, Bolivia. 

GRANT, KENNETH 444 Richmond Ave., South Orange, 

GRAVES, WILLARD FRANKLIN. Div. Engr., Chicago City Ry. Co., 39th and 
Wallace Sts., Chicago, 

GREEN, JAMES ARLEIGH. 226 Salle St., Chicago, 

GuSTAF Bldg. Constr. Engr., Board Education, 
3748 Maple Sq. Ave., Chicago, 

Care, Fort Orange Constr. Co., Waterford, 
ALBERT BERTRAM. Secy., Fidelty Eng. Inspecting Co., 
St., New York City (Res., Addison Ave., Rutherford, J.). 

HALDEMAN, WALTER STANLEY, Box City, Mo. 

Harpt, CHARLES WILLIAM. Div. Engr., State Highway Dept., Harrisburg 
(Res., Camp Hill, Cumberland Co.), Pa. 

Lewis, Jr. Asst. Engr., Chg. See. Moodna Siphon, 

Board Water Supply, Box 697, Cornwall-on-Hudson, 
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ASSOCIATE MEMBERS (Continued). 


Harry LEGRAND. Box 472, Portsmouth, 

Hurr, Constr. Engr., The Arnold Co., Powell, Idaho. 

JOHNSON, RANKIN. Madison Ave., New York City. 

KISSACK, ALFRED Box 446, Sherman, Tex. 

LANNAN, Louis Asst. Engr., Westchester Northern R., White 
Plains, 

LEAKE, Civ. Engr. and Archt., Room 20, Dundee 
Fort Worth, Tex. 

LovE, ANDREW Gen. Supt., Beaumont Irrig. Co., Beaumont, Tex. 

JOHN CLARENDON. Engr., W., Arizona Eastern R., 
Ariz. 

McGONIGLE, CHARLES Asst. Contr. Agt., Milliken Bros., Inc., 815 
Chamber Commerce Bldg., Portland, Ore. 

Macor, Henry Pres., Wonham-Magor Car Mfg. Co., Chureh 
St., New York City. 

MANCHESTER, Pres., Water Supply and Sewerage Board, Brisbane, 
Australia. 

MARTINEZ 107 San Miguel St., Havana, 
Cuba. 

Bureau Rivers, Barge Canal Office, Albany, 

MAUGHMER, 1227 St., Sacramento, Cal. 

MONTGOMERY, ERNEST. Care, White Co., Shoshone, Idaho. 

NEWTON, SAMUEL DONALD. Civ. and Cons. Engr., Knoxville, Tenn. 

OAKES, JOHN CALVIN. Capt., Corps Engrs., Room 415 Custom 
House (P. Box 716), Ohio. 

JASON. 526 Melrose St., Chicago, 

ARTHUR HENRY. Care, Board Water Supply, Realty Bldg., Rail- 
road Ave., White Plains, 

PRENTICE, WILLIAM Supt., Morey-Faulhaber Constr. Co., 
Chemical Bldg., St. Louis, Mo. 

Ray 217 North St., Portsmouth, Va. 

SANBORN, JAMES Forrest. Div. Engr., Board Water Supply, New Paltz, 

SANBORN, MorTON FRANKLIN. Asst. Engr., Board Water Supply 
New York City; Address, Box 203, Valhalla, 

SAUNDERS, WALTER Res. Consumer’s Power 
dan, Minn. 

Sawyer, Northwestern Eng. Corporation, 410 
Lindelle Blk., Spokane, Wash. 

ScHUBERT, CHARLES WESLEY. Care, Estimating Dept., Brown Hoisting 
Machinery Co. (Res., 1226 East 112th St.), Cleveland, Ohio. 

Scorr, WILLIAM Fry. Dunville, Canada. 

Care, George Jackson, Wall St., New York City. 

TALLMAN, Leroy. Elmsford, 
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ASSOCIATE MEMBERS (Continued). 

Gen. Mgr., Elec. Dept., Utica Gas Elec. 
Co., 222 Genesee St., Utica, 

THURINGER, CHARLES. 430 State St., Madison, Wis. 

TURNER, WILLIS St. Petersburg, Fla. 

Asst. Engr., Ry. Co., Room 508, Telegraph Bldg., 
Harrisburg, Pa. 

WALKER, MANSFIELD. Detroit River Tunnel Co., Rosedale Court, 

Detroit, Mich. 

WILKERSON, THOMAS JEFFERSON. Asst. Engr., Bridge Designer, Bureau 
Constr., Dept. Public Works, 432 Henry Oliver Bldg., Pitts- 
burg, Pa. 

WILLS, ARTHUR JOHN. 1021 Simpson St., New York City. 

WINN, WALTER Scotr. Secy. and Mgr., The North Alabama Constr. Co., 
201 Ideal Bldg., Denver, Colo. 


ASSOCIATE 


THOMPSON, Chf. Engr., The Mindoro Development Co., 
Manila, Philippine Islands. 


JUNIORS 

BATTIE, HERBERT SCANDLIN. 219 North St., Harrisburg, Pa. 

BESWICK, JAMES Asst. Engr., Board Water Supply, New York 
City; Res., Wiener Tompkinsville, 

Care, The Arnold Co., Canon City, Colo. 

BRENNAN, JOSEPH LAWRENCE. Yorktown Heights, 

ARTHUR WILLIAM. Rand St., Central Falls, 

WILLIAM FRANKLIN. Supt., The Foundation Co., Gwinn, Mar. 
Co., Mich. 

FRANCIS WINFIELD. 554 West St., New York City. 

ARTHUR WELLESLEY. (Fitzpatrick Coombs), 1123 Broadway, 
New York City. 

FRANK With Bureau Filtration, 530 North Euclid 
Ave., Pittsburg, Pa. 

GEARHART, HEBER GOSSLER. Care, Ralph Modjeski, 1750 Monadnock 
Chicago, 

Harry. First Asst. Engr., with The Standard Oil Co. 
California, 1097 Green St., San Francisco, Cal. 

Everett HAMILTON. 1045 Broderick St., San Cal. 

HAYES, FERDINAND EUGENE, JR. 1504 South Ist St., Louisville, Ky. 

103 Park Ave., New York City. 

530 West 153d St., New York City. 

Lewis, CHESTER Brooks. Engr., Standard Constr. Co., 2529 Orchard St., 

Chicago, 
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JUNIORS (Continued). 

HENRY Hupson Epwin. 116 Nassau St., Room 901, New York City. 

NICOLAYSEN, ALBIN 720 Leland Ave., Plainfield, 

JOHN With Wichita Falls Northwestern Ry., Duke, 
Jackson Co., Okla. 

1111 Twelfth Ave., South Birmingham, Ala. 

Porter, FRANKLIN. 6350 Ingleside, Chicago, 

LINCOLN. Sunnyside, Wash. 

WALTER Office Asst. Engr., Ry., Chehalis, Wash. 

5842 Von Versin Ave., St. Louis, 

Sims, Harvey Care, Edible. Products Co., 160 22d Bay- 
onne, 

STEEGMULLER, CHARLES ALBERT AUGUSTINE. Pond St., New Haven, Conn. 

VINCENT Asst. Engr., Zamboanga, 
Moro Province, Philippine ‘Islands. 

TEFFT, WILLIAM Sable, Mich. 

TINKHAM, RALPH RUSSELL. .Engr., with Trussed Concrete Steel Co., De- 
troit, Mich. 

Eng. Dept., Denver City Tramway Co. (Res., 1665 
Sherman St.), Denver, Colo. 

VANDERVOORT, BENJAMIN FRANKLIN. Asst. Engr., Public Service Comm., 
First Dist., 983 Summit Ave., New York City. 

WACHTEL, Louis. Leveler, State Highway Comm., Care, American House, 
Ausable Forks, 

WESTON, FREDERICK SAMPSON. Care, Madeira-Mamoré Ry. Co., Porto Welho 

LEE Res. Engr., R., Apartado 183, Durango, 
Dgo., Mexico. 

WILBANKS, JOHN Care, Kenefick, Quigley, Hoffman Constr. Co., 
222 Century Bldg., Denver, Colo. 

Care, Grays Puget Sound Ry. Co., 
Aberdeen, Wash. 

Winsor, Asst. Engr., Board Water Supply New York 
City, 137 South Broadway, White Plains, 

WITTSTEIN, HERMAN Lewis. Asst. Engr., Board Water Supply, New 
York City, High Falls, 

THoMAS JR. Canebrake, McDowell Co., Va. 


ate 


RESIGNATIONS. 


Date 
Resignation. 
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JUNIORS Date 
Resignation. 


FRANKLIN Mar. 1910 
FRANCIS WILLIAM 1910 


DEATHS 
Brown, Linus Elected Member, June 7th, 1899; died Mareh 7th, 
1910. 
Elected Junior, July Ist, 1909; died March 29th, 
1910. 
CHARLES ALFRED. Elected Associate Member, February 
1892; Member, December 5th, 1894; date death unknown. 


Total Membership the Society, April 12th, 1910, 
495 
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CURRENT ENGINEERING LITERATURE 


193 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST 


(March 8th April 4th, 1910) 


Nore.—This list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS. 


the subjoined list articles, references are given the number 


prefixed each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 

Proceedings, Engrs. Club Phila., 
Spruce St., Philadelphia, 


Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 
Transactions, Can. Soc. 

Montreal, Que., Canada. 

School Mines Quarterly, Co- 

Univ., New York City, 

‘Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

Magazine, New York 

ity, 25c. 

Magazine, New York City, 
Engineering (London), 

Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 

News, New York City, 


Record, New York 
City, 12c. 

Railway Age Gazette, New York 
City, 


Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 


New 


Supplement, 


York City. 10c. 

American Engineer, 
City, 20c. 

Electrical Review, London, Eng- 


and. 
World, New York City, 


(28) 


(30) 
(31) 


Journal, New 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 


Nouvelles Annales Construc- 


tion, Paris, France. 
Revue Mécanique, Paris, France. 


Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 


New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

Mines and Minerals, Scranton, Pa., 


Scientific American, New York 
City, 8c. 

Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 

Rigasche Industrie-Zeitung, 
Russia. 

Zeitschrift, In- 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 


Riga, 
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(56) Transactions, Am. Min. 
New York City, $5. 

(57) Guardian, London, Eng- 


(58) Proceedings, Engrs.’ Soc. 
803 Fulton Bldg., Pittsburg, Pa., 
50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle- 
upon-Tyne, England. 

(60) Municipal Engineering, Indian- 
apolis, Ind., 25c. 

(61) Proceedings, Western Railway 
Club, 225 Dearborn St., Chicago, 

(62) Industrial World, Ninth 
Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City. 20c. 

(65) Official Proceedings, New York 
Railroad Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement News, 
Chicago, 25c. 

(68) Mining Journal, London. England. 

(70) Review, New York 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(71a) Scholarship Memoirs, 
Iron and Steel London, 
England. 

(73) Electrician, London, England, 
(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings. Inst. Mech. 
London, England. 

(76) Brick, Chicago, 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 

(78) Beton Eisen, Vienna, Austria. 

(79) Forscherarbeiten, Vienna, Austria. 
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(80) Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 

(83) Age, New York City, 

(84) Ciment, Paris, France. 

(85) Proceedings, Am. Ry. Eng. and 

(86) Engineering-Contracting, Chicago, 


(87) Roadmaster and Foreman, Chicago, 


(88) Bulletin the International Ry. 
Congress Brussels, Bel- 
gium. 

(89) Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 

(90) Transactions, Naval 
Archts., London, England. 

(91) Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 
City. 

(92) Bulletin, Soc. 
pour Nationale, Paris, 
France. 

(93) Revue Métallurgie, Paris, 
France, fr. 50. 

(94) The Boiler Maker, New York City, 

(95) International Marine Engineering, 
New York City, 20c. 

(96) Canadian Engineer, Toronto, Can- 
ada, 15c. 

(97) Turbine, Berlin, Germany, Mark. 

(98) Journal, Engrs. Soc. Pa., 
Market St., Harrisburg, Pa.. 30c. 

(99) Proceedings, Am. Soc. Municipal 
Improvements, New York City, 


(100) Professional Memoirs, Corps 


(101) New York City, 


LIST ARTICLES 


Some Features the Design and the Construction the Manhattan Suspension 
Bridge.* John Ostrup, Am. Soc. 1909. 


The Substructure the Bridge over the Ohio River Beaver, 


Deflection Tests Railway Bridges.* Conrad Gribbie. (10) 


The Atbara Bridge. 11. 


America.* George Sherwood Hodgins. 


The Oak Point Float Bridges the East River.* (14) Mar. 12. 


Reinforced-Concrete Arch Highway Bridge Indiana Wrecked Erosion 


Foundations.* (13) Mar. 17. 


Report Temporary Trestling. Francis Dawson. 
Scotia Soc. Engrs.) (96) Mar. 18. 


The Shepherdstown Viaduct, Norfolk Western Railway.* (14) Mar. 19. 
Short-Span Single-Track Concrete Arch Bridges.* (14) Mar. 19. 


Reinforced Concrete Sewer Bridge.* 


Different Methods Erecting Steel Viaducts.* 


Henry Ryon. (14) Mar. 26. 
Frank Skinner, Am. Soc. 


The East Olive Avenue Bridge Spokane, Wash. (14) Apr. 


Piers the Penhorn Creek Railroad Viaduct.* (14) 


Apr. 


Erection Florida East Coast Railway Bridges.* (14) Apr. 


Mar. 


(Paper read before the Nova 
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Bridges— (Continued). 


The Erection Tinkers Creek Viaduct.* (14) Apr. 

The Passyunk Avenue Bridge Piers.* (14) Apr. 

Widening Piney Creek Bridge, Washington.* (14) Apr. 

Oak Point Float Bridge Substructure Construction.* (14) Apr. 

Erection the Slatington Bridge.* (14) Apr. 

Note sur Construction Viaduc des Fades (Ligne Saint-Eloy Volvic).* 
Virard. (43) Jan. 

(43) an. 

Expériences sur Pivot Pont Tournant sur Caronte 
(Ligne Miramas Chartiée Blot. (38) Mar. 


Viaduc Métallique sur Vistule Marienwerder (Prusse orientale).* 
Mar. 


Electrical. 


The Use Aluminum Conductor. Julian Smith. (5) Jan., 1909. 

The Tungsten Lamp, and its Behaviour Life Tests Compared with Carbon 
Lamps.* Burnett. (5) Jan., 1909. 

The Oscillograph.* Johnson. (5) Jan., 1909. 

Synchronism.* Mulock. (5) Jan., 1909. 

Wireless Telegraph and Telephony.* Cornelius Ehret. (2) Jan. 

Underground Conduit.* Paul England. (2) Jan. 

Some Notes Telephone Engineering. Nathan Hayward. 

Inaugural Address. (State Electrical Engineering.)* Gisbert Kapp. (77) Feb. 

The Aspect Electric Lighting. Handcock and Dykes. 

The Electric Ignition Internal Combustion Engines. John Warr. (77) Feb. 

Some Experiments Single and Stranded Low-Tension Fuses.* William Tolmé 
Maccall. (77) Feb. 

Research Metallic Filament Lamps.* Reakes Lavender. (77) Feb. 

The Relation Between the Stator and Rotor Circuits the Single-Phase Induc- 
tion Motor.* Charles Smith. (77) Feb. 

The Production, Measurement, and Effect Variable Wave-Form.* Lancelot 
Wild. (77) Feb. 

Experimental Determination the Moment Inertia Continuous-Current 
Armature.* Gisbert Kapp. (77) Feb. 

The Theory the Dynamometer Wattmeter.* Charles Drysdale. (77) Feb. 

Central Stations for Towns 1000 Population. Caryl Haskins. (60) Mar. 

Electrical Driving Installation the Bannerman Mill Co.’s Brunswick Mill, Man- 
chester.* (26) Mar. 

The from Directive Aerials Wireless Telegraphy.* Eccles. 
(73) Mar. 

The Collins Long-Distance Wireless Telephone.* William Dubilier. (73) Mar. 

The Equipment the Electrical Engineering Laboratories the Brighton Tech- 
nical College. Broughton. (73) Mar. 

Electric Welding.* (22) Mar. 

British Electrically-Equipped Textile Mili.* James Doran. (27) Mar. 10. 

Comparative Costs Electric and Gasoline Soldering. William Miskella. (27) 
Mar. 10. 

Post Office Telephone Cables.* (Abstract paper read before the 
Physical Soc.) Mar. 11. 

Armature Reaction and Compounding Alternators.* Dalemont and 
Herdt. (73) Mar. i1. 

Alloys Electrolytic with Arsenic and Bismuth. Burgess and Aston. 
(Abstract paper read before the Am. Electro-Chemical Soc.) (73) Mar. 11. 

Quartz-Tube, Mercury-Vapor Lamps.* Warren Miller. (27) Mar. 17. 

Voltage Regulation Stationary Transformers.* Acton. (27) Mar. 17. 

The Palmer Physical Laboratory.* Howard McClenahan. (27) Mar. 17. 

Commonwealth Edison Company Build Two New Generating Sta- 
tions with 20000-Kw. Units.* Mar. 17. 

Electric Generating Installation for the Panama (27) Mar. 17. 

The Uses Ozone: The Ozonair System.* (26) Mar. 18. 

Steamship Repairs Electric and Autogenous Welding.* Scott Younger. 
(Abstract paper read before the Inst. Engrs. and Shipbuilders Scot- 
land.) (73) Mar. 18. 

Distribution System the Southern Power Company.* Fraser. (27) 
Mar. 24. 

Operations Hydroelectric Plants. Alton Adams. (27) Mar. 24. 

Elementary Electrical Engineering. Gill. (96) Serial beginning Mar. 25. 

Aeronautics and Electricity. Thurn. (19) Mar. 26. 
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(Continued). 


Commutation, Discussion Resistance and Reactance Coil Circuits during the 
Commutating Period.* Carter. (27) Mar. 31. 

Joint Navy and Fessenden Long-Distance Wireless Tests.* (27) Mar. 31. 

“Reasonable for Gas and Electricity Determined the Wisconsin 
Railroad Commission for the City Madison. (13) Mar. 31. 

The Developed High Tension Net-Work General Power System. Paul 
Downing. (42) Apr. 

Lightning Protection.* Percy Thomas. (42) Apr. 

Note sur les Enroulements des Induits pour Dynamos Courant Continu.* 
Steels. (31) 1909, Pt. 


Marine. 


Self-Dumping Barge.* Wiking. (13) Mar. 10. 

The Latest French Torpedo-Boat Destroyers.* (12) Mar. 11. 

New Type Ore Carrying Steamer.* (12) Mar. 18. 

Impulse Marine Turbines Germany.* (12) Mar. 18. 

The International Aero and Motor-Boat Exhibition.* (11) Serial beginning Mar. 
18; (12) Serial beginning Mar. 18. 

Fuel Oil. Percy. (95) Serial beginning Apr. 

New Form Turbine Drive for Ship Propulsion.* (95) Apr. 

The River Steamers City Philadelphia and City Wilmington.* (95) 
pr. 

Gasoline Petrol Launch for the Isthmian Canal Commission. Stephen 
Tasker. (95) Apr. 

Calculations for the Size Pump Beam.* Edward Bragg. (95) Apr. 

Danish Petroleum and Crude Motors.* Axel Holm. (95) Apr. 

The the Toledo Shipbuilding Company.* Harry McClure. 

Note sur les Travaux d’Allongement Bassin Castigneau 
Toulon.* Maroger. (43) Jan. 

Recherches sur Resistance Traction des Bateaux: Mesures des Vitesses 


Moyen Hydrocinémométre Enregistreur, Basé sur Principe Tube 
Pitot.* (43) Jan. 


Mechanical. 


Typical Case Successful Competition Fleming Harrisburg Four Valve 
Engine vs. Corliss Benj. Allen. (98) Jan. 

The Relation the Steam Turbine Modern Central Station Practice.* 
Parker. (Paper read before the Engrs.’ Club St. Louis.) (1) Feb. 

The Powering Boiler Shops.* Downs. (94) Mar. 

Compressed Air for Pneumatic Hammers.* (94) Mar. 

for Steel Boiler Tubes and Safe Ends. (Pennsylvania Railroad.) 
ar. 

Electric Motor Drives for Machine Shops.* George Cravens. (41) Mar. 

The Modern Pattern Shop.* George Reinhard. (Paper read before the Chi- 
cago Foundrymen Foremen.) (41) Mar. 

Pressure-Raising Plant Tynemouth.* William Hardie, Assoc. Inst. 
(66) Mar. 

The Stability Flying Machines.* Herbert Chatley. beginning 
Mar. 

Commercial Vehicles Manchester Motor Show. (47) Serial beginning Mar. 

Steel Foundry Practice. Percy Longmuir. (Paper read before the Manchester 
Assoc. Engrs.) (47) Mar. 

Experiences with Semi-Vertical Retorts and Notes Carbonizing Systems and 
Results.* Alfred Harris. (Paper read before the Midland Assoc. Gas 
Mers.) (66) Mar. 

Electric Driving Textile Mills.* (From Vulcan.) (47) Mar. 11. 

Coal-Leveling Machine for Beehive Ovens.* (16) Mar. 12. 

Sulphur Compounds Illuminating Gas, with Particular Reference the Testing 
for Hydrogen Sulphide.* Chas. Ramsburg. (Paper read before the Am. 
Gas Inst.) (24) Serial beginning Mar. 14. 

Practical Applications Illuminating Engineering.* Norman Macbeth. (Paper 
read before the Am. Gas Inst.) (83) Mar. 15. 

Commercial Fuel Briquette Plant, the Operations the Solvay Process Com- 
pany and the Semet-Solvay Company Detroit, Mich.* Blauvelt. 
(20) Mar. 17. 

Merchants Heat and Light Company; Application the Steam Turbine for Light- 
ing and Exhaust Steam Heating Indianapolis, Ind.* (27) Mar. 17. 
Shrinkage and Fits and the Stresses They Produce.* Lewis Jenkins. 

(13) Mar. 17. 

The International Aero and Motor-Boat Exhibition.* (11) Serial beginning Mar. 

18; (12) Serial beginning Mar. 18. 


4 
F 
| 
| 
| 
he 
| ic 
| 
A 
| 
t 


q 
7 
q 
q 
{ 


Mec 
The 
Mee 
Pos 
We: 
Por 
Joh 
“He 
Ele 
Gas 
The 
Sin 
Cal 
Aer 
Ne\ 
Poy 
q La 
Re 
Ail 
Fil 
Co 
q Le 


CURRENT ENGINEERING LITERATURE 


Mechanical— (Continued). 

The Diseases Boilers. (14) Mar. 19. 

Improved Multiple Ammonia Washer.* (24) Mar. 21. 

Meeting the Gas Demands Bromley and Crays.* (66) Mar. 22. 

500-Brake-Horse-Power High-Speed Steam-Engines.* (11) Mar. 25. 

Possible Uses Waste-Gas Power.* Robinson. (47) Mar. 25. 

Weaving Appliances.* Frank Nasmith. (Paper read before the Manchester Assoc. 
Engrs.) Serial beginning Mar. 25. 

Portable Rock Crushing and Concrete Mixing Plant.* (18) Mar. 26. 

Rapid Method for the Identification Gas Oils. Park and Worth- 
ing. (Paper read before the Am. Gas Inst.) (24) Mar. 28. 

Johnson and Johnson’s New Power Plant.* Warren Rogers. (64) Mar. 29. 

“Reasonable for Gas and Electricity Determined the Wisconsin Rail- 
road Commission for the City Madison. (13) Mar. 31. 

Electric Drive Textile Mills.* Albert Milmow. (42) Apr. 

Gas Engines City Railway and Lighting Service.* Latta, Jr. (42) Apr. 

The Fuel-Briquetting Industry.* Charles Wright. (9) Apr. 
Emergency Generating Stations for Service Connection with Hydroelectric Trans- 
mission Plants Under Pacific Coast Conditions. Hunt. 
Single Unit Lighting Installations. Benjamin Bean. (Paper read before the 
New England Assoc. Gas Engrs.) (83) Apr. 

Calorific Value Gas Wisconsin Cities. Burgess and Huddle. 
(Paper read before the Ill. Gas Assoc.) (83) Apr. 

Oiling Methods, Oils and Diaphragms for Meters.* Acker and Hotch- 
kiss. (Paper read before the Ill. Gas Assoc.) (83) Apr. 

Aeroplane Stability, Some New Theories. Bryan. (19) 

New Crushing Plants the Casparis Stone Company.* (14) Apr. 

Power Plants for Gas Works Medium Size. Chas. Robinson. (Paper read 
before the Am. Gas Inst.) (24) Apr. 

des Ciments Portland Grappiers Chaux Hydrauliques.* La- 
borbe. (32) Dec. 

Turbine Vapeur Zoelly.* (33) Feb. 26. 


Automobile Patins pour Circulation sur Niege.* Girardault. (33) 
Mar. 


Fabrication Benzol.* Grebel. (33) Mar. 19. 


Drying Blast with Calcium Chloride.* (22) Mar. 11. 


Recent Patents for Basic-Lined Copper Converters.* Richard Vail. 
Mar. 12. 


Midvale Blast Furnace Practice.* Leroy Palmer. 
The Washoe Reduction Works 1909.* 

Réduction des Minerais Fer Four Electrique. (33) Mar. 
Mining. 


Electric Signalling Apparatus for Winding.* (22) Mar. 


Air Compressor Accidents the Transvaal. (Abstract from Annual Report, Govt. 
Min. Engr.) (13) Mar. 17. 


Rules for the Installation and Use Electricity Mines. 


(16) 


Eustace Baker. 


(Paper read before the Manchester Geol. and Min. Soc.) (57) Mar. 18. 
Operations the Doe Run Lead Company.* Albert Fay. (16) Mar. 19. 
Electric Mine Hoists.* Rushmore and Pauly. (42) 


Apr. 
Cencrete-Lined Shaft.* Allard and Herbert Patterson. 
Novel Automatic Switch.* Beach. 
Cobalt Hydraulic Air Compressor.* Taylor. (45) Apr. 
Mine Drainage Joplin District.* Lucius Wittich. (45) Apr. 
Wet Concentration Midvale, Utah.* Leroy Palmer. 
Method Square Set Stoping Bisbee.* Morris Elsing. (16) Apr. 
The Ashokan Reservoir Stone Quarry.* (14) Apr. 
Miscellaneous. 


Reforestation the Marginal Lands the Wachusett Reservoir the Metro- 


politan Water Works, Boston, Mass.* Allardice. (Paper read before 
the Boston Soc. Civ. Engrs.) (1) Jan. 

the Use the Flicker Photometer for Differently Coloured Lights.* Morris- 
Airey. (77) Feb. 


Commercial Sodium and Potassium Cyanide. Sharwood. (16) Mar. 19. 
Education for Leadership Electrical Engineering. Samuel Sheldon. (42) Apr. 
Orgues Ciment Armé. (From Cement Age.) (84) Feb. 
Les Déplacements Quotidiens Sommet Tour Bret. (33) 
Mar. 12. 
*Tllustrated. 
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Municipal. 


an., 

Relative Efficiency the Day-Labor and Contract Systems Doing Municipal 
Work. Eddy. (Paper read before the Boston Soc. Civ. 
(1) Jan. 

Asphaltic Treatment Macadam Roads. Charles Bartlett. 
the Engrs.’ Soc. Milwaukee.) (1) Feb. 

Data Street Cleaning St. Louis, Mo. (86) Mar. 
Reports Specifications for Paving. (Report the Convention City Engrs. 
and Municipal Officials.) (13) Mar. 10; (86) Serial beginning Mar. 
Preparation and Use Road Metal. McG. Rankin. (Paper read before the 

Ontario Good Roads Assoc.) (96) Mar. 11. 
Experimental Work the New York State Highway Commission. (14) Mar. 12. 
Recent the Brooklyn Municipal Asphalt Plant. (14) 12; (86) 

Mar. 


ar. 
Specifications for Concrete Sidewalks, Curbs and Street Pavements. (Paper read 
Organization for Standardizing Paving Specif.) (13) Mar. 17; 
pr. 
Specifications for Bituminous Concrete Paving. (Paper read before the Organiza- 
Standardizing Paving Specif.) (13) Mar. 17; (86) Mar. 23; 
pr. 
Cost Data Road Building. Wheelock. (Paper read before the Good 
Roads Assoc.) (96) Mar. 18; (86) Mar. 30. 
Some Methods and Costs Oiling Roads St. Louis, with Description New 
Employing Molded Slabs Bitumen and Aggregate.* (86) 
Mar. 


Cost Patching Asphalt Pavement St. Augustine, Fla., Using Portable Re- 
pair Plant. (86) Mar. 30. 


with New Front Truck Arrangement and Improved Details.* (86) 
ar. 


Method and Cost Snow Removal St. Louis, Mo., Flushing Through 
City Sewers.* (86) Mar. 30. 


Effect Motor and Horse Traffic Macadam Roads. Logan Page. (86) 


(Paper read before 


Mar. 30. 
Heavy Regrading Means Hydraulic Sluicing Seattle, Wash.* Geo. Holmes 
Moore. (13) Mar. 


Specifications for Creosoting Wood Block Pavement. (Report Comm. Organiza- 
tion for Standardizing Paving: Specif.) (13) Mar. 17; (86) Mar. 23; 

Comparison Cost and Efficiency Methods Street Lighting. Birge. 
(From General Electric Review.) (60) Apr. 

Specifications for Sheet Asphalt Pavement. (Report Asphalt Comm., Organiza- 
tion for Standardizing Paving Specif.) (60) Apr. 

Tar Macadam Roads.* Newberry. (Paper read before the Gas Assoc.) 


Apr. 

Tar Applied the Surface Treatment Roads. Skinner. (Paper 
read before the Am. Gas Inst.) (83) Apr. 

Railroads. 


Railway Construction Notes.* Pardoe Wilson. (5) Jan., 1909. 

Preservative Treatment Relation Cross-Tie Supply. Sterling. (98) 
Jan. 

Report the Use Steel (America) Subject for Discussion the Eighth Ses- 
sion the Railway Congress.* Crawford. (88) Feb. 

Report Improvements Locomotive Boilers Subject for Discus- 
sion the Session the Railway Congress.* Vaughan. 
(88) Feb. 

Report Steam Locomotives for Very High Speed Subject for Dis- 
cussion the Eighth Session the Railway Congress.* Wm. Garstang. 
(88) Feb. 

Report Long Railway Tunnels, Construction, Ventilation and Operation (Sub- 
marine Subject for Discussion the Eighth Session the Rail- 
way Congress.* Felix Sartiaux. (88) Feb. 

Report Junctions and Swing-Bridges, Elimination Slacking (France, Italy, 
Spain, and Portugal); Subject for Discussion the Session the 
Railway Congress.* Tettelin and Cossmann. (88) Feb. 

Report Long Railway Tunnels, Construction, Ventilation and Operation (Tun- 
nels Mountainous Countries, the Alps Excepted, and Great Town Tunnels, 
Great Britain Excepted) Subject for Discussion the Eighth Session the 
Railway Congress.* Canat. (88) Feb. 
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Report Large Stations (All Countries except America, Russia, Austria-Hungary, 
Roumania, Bulgaria, Servia and Turkey); Subject for Discussion 
Eighth Session the Railway Congress.* Jullien and Leverve. (88) Feb. 

Report Long Railway Tunnels, Construction, Ventilation and Operation (Alpine 
Tunnels) Subject for the Eighth Session the Railway Con- 
gress.* Hennings. (88) Feb. 

Points and Crossings for the North-Western (Indiana State) Railway.* (21) 


Mar. 

Proportions the New Locomotives. Charles King. 
(21) Mar. 

The and Preservative Treatment Wooden Cross-Ties.* Angier. 
(65) Mar. 


Promotion Safety the Transportation Explosives and Other Dangerous 
Articles the United States. Dunn. (3) Mar. 

Development the Mallet Locomotive.* Grafton Greenough. (3) Mar. 

Railway Fuel Supply.* Emerson. (10) Mar. 

The Equipment Railway Workshops, Current British Practice* Burrows, 

Mountain and Rack Railways.* Roman Abt. (10) Mar. 

British Express Locomotives.* John Farquharson M’Intosh. (10) Mar. 

River Tunnels New York.* Springer. (10) Mar. 

Some Recent Designs Locomotives for Service Continental Railways.* Al- 
bert Bone. (10) Mar. 

Oil Burning Freight Locomotives.* MacFarland. (10) Mar. 

The and Design the Electric Theodore Rich. 
(10) Mar. 

Car Wheels.* George Fowler. (10) Mar. 

Railway Signaling America.* Hobson. (10) Mar. 

Power Railway Signaling, Current British Practice.* Gairns. (10) Mar. 

Hydraulic Flanging Locomotive Boiler Plates.* Margetts. (Abstract 
paper read before the Swindon Eng. Soc.) 

The Riegler Ferro-Concrete Sleeper.* (21) Mar. 

New Cape Central Railway.* (21) Mar. 

Experimental Mallet Articulated Locomotive, Canadian Pacific Railway.* 
Evans. (25) Mar. 

Steel and Reinforced-Concrete Sleepers the United States.* (11) Mar. 

New Rules for Computing Train Resistance. (13) Mar. 10. 

Locomotive with the Cab over (13) Mar. 10. 

Luminous Repeating Advance-Indicating Railway Signals.* (13) Mar. 10. 

The Trans-Continental Railway Australia.* (11) Mar. 11. 

The Alberta and Great Waterways Railways. (96) Mar. 11. 

Subaqueous Tunnels.* Woodworth. (Paper read before the Railway Club 
Pittsburgh.) (15) Serial beginning Mar. 11. 

The Oak Point Float Bridges the East River.* (14) Mar. 12. 

Cast-Iron and Steel Wheels Discussed Hartford.* (17) Mar. 12. 

Unit Movements Terminal Stations.* Harding. (14) Mar. 12. 

Construction the Western Pacific Ry.* (18) Mar. 12. 

Forestry Work the Ry.* (18) Mar. 12. 

All-Steel Baggage Cars for Subway Service.* (15) Mar. 18; (17) Mar. 19. 

The Pre-Cooling Plant the Southern Pacific Roseville, Cal.* (15) Mar. 18. 

Track Elevation the Chicago Terminal Transfer R.* (18) Mar. 19. 

Sleeping Cars Radically New Design for the Illinois Traction System.* 
Mar. 19. 

The Books the Locomotive. Lawford Fry. (12) Mar. 25. 

Cullybackey Interlocking and Tyer’s Tablet.* (15) Mar. 25. 

Multiple Unit Trains the New Haven Railroad.* (17) Mar. 26. 

Permanent City Track Construction for Interurbans.* Weber. (Abstract 
paper read before the Central Elec. Ry. Assoc.) (17) Mar. 26. 

New Electric Locomotives, R.* (18). Mar. 26. 

Mallet Articulated Locomotives for the Great Northern Ry.* (18) Mar. 26. 

Steel Car Construction. Harris. (Abstract paper read before the New 
England Club.) (18) Mar. 26. 

Car Lighting Electricity. Sloan. (Abstract paper read before the Cen- 
tral Ry. Club.) (18) Mar. 26. 

Cost Constructing Reinforced Concrete Fence Around Shaft Top. (Penn- 
sylvania Tunnel Weehawken).* (86) Mar. 30. 

Railroad Shop’s Crane Equipment.* (20) Mar. 31. 

The Electric Storage Battery Locomotive.* Warren Miller. (27) Mar. 

Railway and Engineering Progress Africa.* Hartley Knight. (9) Apr. 
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Railroads— (Continued). 

The Railroad, Study Its Value for Interurban Railways.* Charles 
Eveleth. (42) Apr. 

Mallet Articulated Compound Locomotive, New York Central Lines.* (15) Apr. 

The Disinfecting Passenger Coaches. Schumacher. (From Annalen fiir 
Gewerbe- und Bauwesen.) (15) Apr. 

Car Wheel Foundry and Practice, Chicago, Milwaukee St. Paul Railway.* Geo. 
Fowler. (15) Apr. 

Oak Point Float Bridge Substructure Construction.* (14) Apr. 

Rocklin-Colfax Second Track Construction, Southern Pacific Co.* (18) Apr. 

Mallet Articulated Compound Locomotive for the Boston Albany R.* (18) 
Apr. 

Section the Washington Street Tunnel, Chicago.* (14) Apr. 

Tunnel Lining, Chicago, Milwaukee Puget Sound Railway.* (14) Apr. 

Chemin Fer Electrique Crémaillére Saléve. Vagneux. 
(43) Jan. 

Sonnette Automotrice Plaque Tournante Topeka, and Santa 
Railway Co. (E.-U.)* Hofer. (33) 26. 

Note sur Fonctionnement Réglage des Locomotives Compound Quatre 
Cylindres.* Maurice Demoulin. (34) Mar. 

Note Chemin Fer Brickaville Tananarive.* Godfernaux. 
(38) Mar. 

Note sur Nouveau Procédé Permettant Mesurer les Efforts aux Diverses 
Articulations d’une Transmission Mouvement.* Paul Conte. (38) Mar. 

Premiére Application Systéme Mallet aux Locomotives Grande Vitesse.* 
Henry Martin. (33) Mar. 12. 


Railroads, Street. 


Repair Works and Machinery.* Pendlebury, Mech. (10) 

ar. 

New Subway Line for New York City; its History.* (13) Mar. 10. 

Reinforcement Conduit Rails Washington.* Philander Betts. (17) Mar. 12. 

Rail Wear London Underground Lines.* (17) Mar. 12. 

Movement Passengers Platforms and Stairways. Vipond Davies and 
Hollis Wells. (Abstract paper read before the Am. Inst. Archts.) 
(15) Mar. 18. 

Revision Oak Park Elevated Entrance New North Western Terminal, 
Chicago.* (15) Mar. 18. 

Constructing the Paris Subway, Description the Freezing Process Employed.* 
Lucien Fournier. (From Nature.) (19) Mar. 26. 


Sanitation. 


Furnace Heating Eight-Room School.* (101) Mar. 12. 

Large Storm Sewer Supported Piers.* (14) Mar. 19. 

Sewage Treatment Prevent River Pollution. George Johnson. (Paper 
read before the Ind. San. and Water Supply Assoc.) (14) Mar. 19. 

Heating Shop Through Its Floors.* (64) Mar. 22. 

Sewage Distribution Tests Mount Vernon, Y.* Charles Hammond, 
Am. Soc. (13) Mar. 24. 

Cleansing and Disinfecting Dwellings after the Paris Floods. (From Technique 
Sanitaire.) (13) Mar. 24. 

The Drainage Country House.* Watson. (Paper read before the San. 
Inst.) beginning Mar. 25. 

Some German Ozone Apparatus.* (26) Mar. 25. 

Heating and Ventilating the Morgan Memorial Building, Hartford.* Putnam 
Bates. (14) Mar. 26. 

The Sewage Testing Station the Sanitary District Chicago.* Langdon 
Pearse, Assoc. Am. Soc. (13) Mar. 31. 

Sewer Cleaning Brooklyn. (14) Apr. 

Sanitation Construction Camps the Catskill Aqueduct.* (14) Apr. 

Construction Methods the Louisville Sewerage Works.* Roger DeL. French. 

The Southern Outfall Sewer, Louisville.* Wm. Mayo Venable. (14) Apr. 


Structural. 

Monel Metal.* Stansfield. (5) Jan., 1909. 

Foundations for Addition Manhattan Life Building, New York City.* Ken- 
nard Thomson. (5) Jan., 1909. 

Modern Construction, Facts and Figures.* Moorhouse. (5) 
Jan., 

Unusual Method Erecting 90-Foot Stack.* Warren Rogers. (64) Mar. 


Illustrated. 
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Structural—( Continued). 


Cantilever Construction and Wind-Bracing Details the People’s Gas Light 
Coke Building, Chicago.* (13) Mar. 10. 

Lateral Reinforcement for Concrete Compression Members. Robert Cummings. 
(Abstract paper read before the National Assoc. Cement Users.) 
Mar. 12; (13) 

Machinery Warehouse.* Milton Boyajohn. (14) 

ar. 

The Empalme Shops, Southern Pacific Railroad Mexico.* (14) Mar. 12. 

Effect Sea Water the Tensile Strength Mortar.* Cloyd Chapman. 
(Abstract paper read before the National Assoc. Cement Users.) (14) 
Mar. 12; (13) Mar. 10. 

Inside-Glazed Greenhouses the Berlin Botanical Gardens.* (13) Mar. 17. 

Steelwork the New York Municipal Building.* (14) Mar. 19. 

The New Plant the Carter’s Ink (14) Mar. 19. 

Simple Method Computing the Strength Flat Reinforced Concrete Plates.* 
Angus MacMillan. (Paper read before the National Assoc. Cement 
Users.) (86) Mar. 23; (13) Mar. 81. 

Steelwork the Bryant Building, New York.* (14) Mar. 26. 

New Construction Separately Molded Reinforced Concrete Hollow 
Beams.* Ahlborn. (86) Mar. 30. 

Construction and Cost Inexpensive Steam Curing Oven for Concrete Block 
Plants with Some Notes Operation. Phipps. (Abstract paper 
read before the Naticnal Assoc. Cement Users.) (86) Mar. 30. 

Method Depositing Concrete Chutes Building Construction with Costs 
Actual Work.* (86) Mar. 30. 

Further Tests the Effect Electrolysis Concrete.* Eltinge. (13) 
Mar. 31. 

Protection Against Electrolysis for Anchor Bolts.* (13) Mar. 31. 

Deep Pneumatic Foundations for New York Municipal Building.* (14) Apr. 

Underpinning the Mt. Sinai Hospital Dispensary.* (14) Apr. 

Open Cofferdam Foundations Quicksand.* (14) Apr. 

Improving the Seventh Regiment Armory, New York.* (14) Apr. 

Etude Expérimentale Résistance des Soudures.* Ch. Fremont. (33) 
Feb. 26. 

Recherches sur des Brusques Changements Température sur 
Doux.* Bruno Zschokke. (93) Mar. 

Coloration des Argiles par les Couleurs d’Aniline. Grandjean. (93) Mar. 


Topographical. 


with Special Reference the Alaskan Boundary.* Greene. 

1909. 

Some Notes Method Obtaining Time and Latitude. Blanchard Dodge. 
(5) Jan., 1909. 


Water Supply. 


Engines Milwaukee, Wis., and Nashville Tenn.* (13) 

ol. 

the Variation the Coefficient Discharge for Small Orifices.* Strick- 
land. (5) Jan., 1909. 

Sun River Project, Montana: United States Reclamation Service. Robbins. 
(Paper read before the Montana Soc. Engrs.) (1) Feb. 

Progress Report Proposed Specifications Post Hydrants, (New England 
Water Works Assoc.) (28) Mar. 

Report Committee Appointed Collect Data Relating Awards for Water and 
Water-Power Diversion. (New England Water Works Assoc.) (28) Mar. 

The Underlying Principles Governing Riparian Water Rights and Diversion Suits. 
Charles Choate, Jr. (28) Mar. 

Water Supply and Treatment for Power Plant Purposes. William Miller Booth. 
(Abstract paper read before the Am. Water Works Assoc.) (60) Mar. 

The Grindleford Rowsley Section the Derwent Aqueduct.* Alex. Jameson, 
Inst. (12) Serial beginning Mar. 

Plans and Specifications for Early Timber, Earth and Masonry Dams Built 
Connecticut.* Chandler. (Abstract paper read before the Conn. Soc. 
Civ. Engrs.) (86) Mar. 

Some Data Water Purification from Poughkeepsie, (86) Mar. 

Special Type Head-Gate for Irrigating Canals.* (14) Mar. 12. 

Necessary Elements for Water Works Valuation. John Alvord. (Paper read 
before the Ind. San. and Water Supply Assoc.) 12; (13) 
Mar. 10. 

The Construction the Rainbow Falls Development.* (14) 
Mar. 12. 
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Water Supply—(Continued). 


The Groined Arch Filter and Reservoir Construction.* Thomas Wiggin. 
(Paper read before the National Assoc. Cement Users.) 
beginning Mar. 12. 

The Hydro-Electric Plant the City Tacoma, Washington.* (13) 

Effect Water Diversion for Power Purposes Niagara Falls. (Abstract 
Report the Chf. Engrs.) (13) Mar. 17. 

Proposed Hydroelectric Development the Teton River, Idaho.* (27) Mar. 17. 

Partial Failure Concrete Dam Austin, Pa.* (13) Mar. 17. 

Completion Liverpool Waterworks Vyrnwy.* (12) Serial beginning Mar. 18. 

Action St. Louis Water Metals and Alloys. (14) Mar. 19. 

Building the Olive Bridge Dam for the Catskill Water Supply.* (46) Mar. 19. 

Electric Power Development the Los Angeles Water-Supply Aqueduct.* 
Mar. 24. 

Lowering Ground-Water Level City Water-Supplies Indiana. Charles 
Brossman. (Abstract paper read before the Ind. San. and Water Supply 
Assoc.) (13) Mar. 24; (86) Mar. 

Reinforced Concrete Irrigation System. Etcheverry. (From Jour. 
Tech., Cal.) (96) Mar. 25. 

The Bear River Plant the Telluride Power Company.* (14) Mar. 26. 

Bearing Court Decisions Water-Works Management. Metcalf. 
(Abstract paper read before the Penn. Water-Works Assoc.) (14) Mar. 26. 

Some Methods and Cost Building Reinforced Concrete Cisterns.* Benjamin 
Brooks. (86) Mar. 30. 

Hydroelectric Plant, with Storage, Forty-six Thousand Volt System the 
Crosse Water-Power Co., Crosse, Wisconsin.* Lundquist. (27) 
Mar. 31. 

Heavy Regrading Means Hydraulic Sluicing Seattle, Wash.* Geo. Holmes 
Moore. (13) Mar. 

Break Water Main Springfield, Mass. Elbert Lochridge, Assoc. 
Am. Soc. Mar. 31. 

The Laramie Tunnel.* Herrick. (45) Apr. 

The Artesian Weils the Water Supply Memphis, Tenn. (60) Apr. 

General Review Practice.* Frank Koester. 

Parallel Operation Hydroelectric Plants. Lee. (42) Apr. 

Hydroelectric Power Applied Irrigation.* John Coffee Hays. (42) Apr. 

the Belle Fourche Dam.* Ready, Assoc. Am. Soc. 
(14) 

The Wallkill Pressure Tunnel the ‘Catskill Aqueduct.* (14) Apr. 

The Hunters Brook Tunnel Construction. (14) Apr. 

Hydroelectric Development the Weber River, Utah.* (14) Apr. 

Development the Ninety-Nine Island Station the Southern Power Company.* 

Portable Floating Cofferdam.* (14) Apr. 

Submerged Pipe Line from Jersey City Ellis Island. (14) Apr. 

The Salmon River Dam and Irrigation Project, Idaho.* (14) Apr. 

Genéve des Environs. Vagneux. (43) Jan. 

Waterways. 

Reclamation and Development the New Jersey Coast.* Geo. Watson. (5) 
Jan., 1909. 

The Construction Concrete Mass and Blockwork Quay Wall Helmet Divers 
Open Water.* John Taylor. (5) Jan., 1909. 

The Shut-Off Dam the Charles River Basin.* James Rollins, Jr. 
read before the Boston Soc. Civ. Engrs.) Jan. 

Distribution Sea Water the Charles River Basin after Excluding Tidal 
Waters.* Morton Sanborn. (13) Mar. 10. 

Stress-Lines and Steam-Lines.* Mar. 11. 

Driving Piles Without Pile Driver.* George Lodge. (46) Mar. 12. 

The Efficiency and Cost Concrete for the Preservation Piles Exposed Sea 
Water. Construction Co. (Paper read before the National 
Assoc. Cement Users.) (86) Mar. 16. 

Collapse Important Canal Head Sluice Egypt.* Sir Hanbury Brown. 
(12) Mar. 18. 

Structural Features New Concrete Recreation Pier Albany, Y.* (86) 
Mar. 23. 

Some Records Work with Scraper Bucket Excavator the New York Barge 
Canal.* (86) Mar. 23. 

The Engineering Features the Recent Flocds Paris.* (13) Mar. 24. 
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Continued). 


The Movable Dam Across the Red River St. Andrew’s Rapids.* Borden, 
Can. Soc. (14) Mar. 26. 

Cement and Concrete for Protecting Piles Sea Water. Ralph Barker. (Paper 
read before the National Assoc. Cement Users.) (14) Mar. 26. 

Representative Concrete Structures the New York Barge Canal and Methods 
Inspecting, Mixing and Handling Concrete.* Russel Greenman. (Ab- 
stract paper read before the National Assoc. Cement Users.) (86) 
Mar. 30. 

The Cost Terminal Freight Handling the Port New York.* (13) Mar. 31. 

Construction the Tribes Hill Lock and Dam, Barge Canal.* (14) Apr. 

The Construction Plant Contract 40, Barge Canal.* (14) Apr. 

Excavation Methods Contract Barge Canal.* (14) Apr. 

Hydraulic Excavation the Pacific Division the Panama Canal.* (14) 
Apr. 

Lock the Black Rock Harbor Improvement, Buffalo.* (14) Apr. 

Progress the Improvement the Detroit River.* (14) Apr. 

Concrete Dock the Chicago River.* (14) Apr. 

The New King’s Dock Swansea.* Van Langendonck. (19) Apr. 

Building the Huge Concrete Locks Gatun, Panama.* (46) Apr. 


Illustrated. 
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PROCEEDINGS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS 


CONTENTS 
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the Board Direction, May 3d, 216 
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Hours during which the Society House 
Local Associations Members the American Society Civil Engineers....... 219 
Privileges Engineering Societies Extended Members................. 
Accessions the Library: 
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MINUTES MEETINGS 
THE SOCIETY 


April meeting was called order 8.30 M.; 
James Owen, Am. Soc. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 101 members and guests. 

paper Wilson, Am. E., entitled “Federal In- 
vestigations Mine Accidents, Structural Materials, and Fuels, 
the United States Testing Station, Pittsburg, Pa.,” was presented 
the author and illustrated with lantern slides. 

The paper was discussed Messrs. Kenneth Allen, Stott, 
and the author. 


Adjourned. 


May 4th, 1910.—The meeting was called order 8.30 M.; 
Vice-President Pegram the chair; Chas. Warren Hunt, Sec- 
retary; and present, also, 147 members and guests. 

The minutes the meetings March 16th and April 6th, 1910, 
were approved printed Proceedings for 1910. 
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paper Campbell, Am. E., entitled, “The Water 
Supply the Paso and Southwestern Railway, from Carrizozo 
Santa Rosa, Mex.,” was presented the Secretary, who also read 
discussion the subject from Smith, Assoc. Am. Soe. 

paper George Clarke, Am. Soe. E., entitled, “The 
New York Tunnel Extension the Pennsylvania Railroad: The Site 


the Terminal Station,” was presented the author and illustrated 
with lantern slides. 


The Seeretary announced the election the following candidates 
the Board Direction May 3d, 1910: 


MEMBERS. 
Guy Pulaski, Va. 
Wray Jenkintown, Pa. 
Hans Rupe New York City. 
Asa Dorchester, Mass. 
Levi New York City. 
Joun New York City. 
GoopMAN VENT, Chicago, 
Emery Philadelphia, Pa. 


Lynne New York City. 

San Francisco, Cal. 
Francts Crowe, Boise, Idaho. 
Moore Currier, Cleveland, Ohio. 

Little Rock, Ark. 

Lewis Philadelphia, Pa. 
Bryant Garver, Toledo, Ohio. 

Gorton, Richfield, Idaho. 
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Harvey, Pittsburg, Pa. 
Rocer Brooke Irwin, Baltimore, Md. 

Mark Henry Kanary, Des Moines, Iowa. 
Burr Koon, Chicago, 

Mack New York City. 
Joun New Iberia, La. 
Joun Parsons Albany, 
Isaac St. Paul, Minn. 

Guy Lakeview, Ore. 
JOHNSON Kansas City, Mo. 
WALKER, Orman, Dak. 
Warp, Boise, Idaho. 

Work, Denver, Colo. 


Henry Columbus, Ohio. 
West Columbus, Ohio. 
Francis Bonner New York City. 
Joun Henry Jr., Bloomfield, 
Lewis Belmont, Mass. 
Frank Snow Gainesville, Fla. 
GLENN VERNON San Cal. 
Grorce New Britain, Conn. 
JOHNSON TRELEASE, Mercedes, Tex. 


The Secretary announced the transfer the following candidates 
the Board Direction May 3d, 1910: 


From MEMBER MEMBER. 


Guy Philadelphia, Pa. 

Harry Corozal, Canal Zone, Panama. 

Joun Baltimore, Md. 

James Wheeling, Va. 
Quick, Baltimore, Md. 
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From MEMBER. 
Homer Futter, Seattle, Wash. 


Bacon, New Britain, Conn. 
Pittsburg, Pa. 

Harry San Francisco, Cal. 
Frank Greenville, Pa. 
New York City. 

JAMES LAFAYETTE Parker, New York City. 
Monterey, L., Mexico. 
Las Cascadas, Canal Zone, Panama. 


From Junior ASSOCIATE. 
New York City. 


The Secretary announced the death 
elected Junior, July 1st, 1909; died March 29th, 1910. 


Adjourned. 


THE BOARD DIRECTION 
(Abstract) 


May 1910.—President Bensel the chair; Chas. Warren Hunt, 
and present, also, Messrs. Belknap, Brackett, Churchill, 
Kimball, Knap, Loomis, Loweth, Pegram, Roberts, Schneider, Stuart, 
Swensson, Thompson, and Wilkins. 

Ballots for membership were canvassed, resulting the elertion 
Members, Associate Members, and Juniors, and the transfer 
Associate Members the grade Member, Associate the 
grade Member, Juniors the grade Associate Member, and 
Junior the grade Associate. 

were considered, and other routine business transacted. 

Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 

FUTURE MEETINGS 


June 1910.—8.30 M.—Two papers will presented for dis- 
cussion this meeting, follows: “The New York Tunnel Extension 
the Pennsylvania Railroad: Meadows Division and Harrison Trans- 
fer Yard,” Temple, Am. E.; and “The New York 
Tunnel Extension the Pennsylvania Railroad: The North River 
Tunnels,” Hewett and Brown, Members, Am. Soe. 


These papers were printed Proceedings for April, 1910. 


September 7th, 1910.—8.30 M.—At this meeting paper entitled 
“Remedies for Landslides and Slips the Kanawha and Michigan 
Railway,” Black, Am. Soe. E., will presented 
for discussion. 


This paper printed this number Proceedings. 


ANNUAL CONVENTION 


The Forty-second Annual Convention the Society will held 
Chicago, from June 21st June 24th, 1910, inclusive. 
giving full information reference the Convention 


was issued May 18th, 1910. 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 
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asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 
All the Publication Committee are classified 


the Committee with respect their availability for discussion 
meetings. 


Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 


quested for subsequent publication Proceedings and with the paper 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, 
numbers, $1. 


Price for single 


Proceedings, Vol. XXXIII, (January, 1907). 
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Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held M., the 
Fairmont Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may communicating with the 
Secretary the Association, Thurston, Jr., Am. Soe. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
and any such member will gladly guest 
the Association any the above meetings, will notify the 


Colorado Association 
(Abstract Minutes Meeting) 


April oth, 1910.—The meeting was called order 8.45 M.; 
George Anderson, Vice-President, the chair; Winfield Holbrook 
acting Secretary; and present, also, members and guests. 

The minutes the March meeting were read and approved. 

“The Denver Water-Works Question” was opened 
George Prince, Am. E., followed Messrs. Comstock, 
Huston, Field, Ulrick, Armstrong, and Anderson. 


Adjourned. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
-AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 
England. 


London 
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Junior Institution Engineers, Victoria Street, Westminster, 
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W., London, England. 
Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 


Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 


Sociedad Colombiana Ingenieros, Bogota, Colombia. 


Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From April 12th May 9th, 1910) 


DONATIONS* 
MODERN LOCATION STANDARD TURNOUTS. 


pp. San Francisco, Bolte Braden Co., Printers, 1910. 
$1.25. (Donated the Author.) 


secondary title describes this book practical treatment the various 
problems connected with track engineering. intended especially for the use 
transitmen, engineers, and draftsmen making economical and first-class loca- 
tions turnouts and their connecting curves. The preface states that may 
substituted for, used supplement to, the chapters Turnouts Frogs and 
Switches found railway engineering field books which not include 
solutions problems the laying out tracks using standard turnouts, 
problems involving turnout. The author assumes knowledge geometry 
and trigonometry and familiarity with common circular curve problems the 
part those who use the book. The Contents are: Modern Practice Locating 
Standard Turnouts; Problems: Turnouts from Tangents; Problems: Turnouts from 
Curves; Problems: Symmetrical Tracks; The Traverse Method; Turnout 
Crossover Tables. 


CONCRETE-STEEL CONSTRUCTION (DER 


Emil Authorized Translation from the Third (1908) 
German Edition, Revised and Enlarged, Goodrich, Am. 
Soe. Cloth, in., illus., 868 pp. New York, The 
neering News Publishing Company; London, Archibald Constable and 
Company, Ltd., 1910. 


the publisher’s preface, stated that this book contains probably the 
clearest exposition European methods reinforced concrete construction that 
has been published. Owing its limited usefulness American engineers, the 
present translation has been made. The greater part the work stated, 
the author’s preface, relate the practical reinforcement columns, 
and arches under various loads. also treats the theory reinforced con- 
crete, the properties materials, the application theory results tests, the 
uses reinforced concrete, and the most important fields its utilization. For 
convenience the subject-matter the translation has been divided into parts and 
chapters, and wherever possible the wording the illustrations has been trans- 
lated into English. The metric system measurements used, but the figures are 
followed their English equivaients. table metric and English equivalents 
has been included the end the book. The Contents are: Introduction; Part 
Theory Reinforced Concrete; Part II, Applications Reinforced 
Appendix: Preliminary Recommendations for the Design, Construction, and Test- 
ing Reinforced Concrete Structures; Recommendations Regarding Methods 
Calculation Used Testing Reinforced Concrete Structures; Regulations 
the Royal Prussian Ministry Public Works, for the Construction Reinforced 
Concrete Building, May 24, 1907; Index. 


TABLES AND DIAGRAMS FOR OBTAINING THE RESISTING 
ECCENTRIC RIVETED CONNECTIONS. 
Rexford. Boards, in., illus., unpaged. New York, 
The Engineering News Publishing Company, 1909. $1.00. 


explanation the application these tables, stated that their 
purpose facilitate the operations obtaining the resisting moments 
eccentric riveted connections, and that they are intended especially for use 
designing connections columns where eccentric loads are involved. 


THE PRINCIPLES AND PRACTICE IRON FOUNDING. 
England, The Publishing Company. shillings pence net. 


The author’s aim has been, stated, make this book useful those em- 
ployed iron foundries, pattern-makers, draftsmen, and engineers. The sub- 
ject-matter consists series articles issued the public press from 1905 


MOMENTS 


Unless otherwise specified, books this list have been donated the publishers. 


Ss 
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1908, and based course lectures given annually the author the 
Municipal School Technology Manchester. reader’s attention called 
the troubles encountered practical work, their causes, how avoid them, and 
the precautions necessary obtain the best results. The Contents are: Iron and 
Steel the Foundry; Testing Cast Iron; Moulding Materials the Foundry 
Sand-Mixing Appliances the Foundry; Foundry Blackings and Partings; Mould- 
ing Tools and Appliances; Foundry Moulds and Their Production; Moulding 
Cores and Core Making; Loam Moulding; Plate and Machine Mould- 
ing; Chill Castings; Malleable Castings; Melting Iron for Foundry Purposes; Blast 
Supply; Air Furnaces; Useful Data; Index. 


HISTORY THE LOGARITHMIC SLIDE RULE 

And Allied Instruments. Florian Cajori. Cloth, in., 
illus., 126 pp. New York, The Engineering News Publish- 
ing Company; London, Archibald Constable Ltd., 1909. $1.00. 


settle the question regard the actual inventor the slide rule has been, 
stated, the author’s aim. The history the development the slide rule 
and its extensive practical uses England prior 1800 are shown, together with 
its adaptation almost every branch the arts which calculation required, 
subsequent that time. The subject-matter includes list slide rules and 
also bibliography the subject. The Contents are: The Invention Loga- 
rithms and the Logarithmic Line Numbers; Gunter’s Scale and the Slide 
Rule Often Confounded Conflicting Statements the Invention the Slide Rule; 
Disentanglement the Main Facts; Development During the Second Half the 
Seventeenth Century; Development England, Germany, and France During the 
Eighteenth Century; Development England, Germany, Austria, and France Dur- 
ing the Nineteenth Century (First Half) Development the United States Dur- 
ing the Nineteenth Century; Development During Recent Times; Slide Rules 
Designed and Used Since 1800; Bibliography the Slide Rule; Index. 


ELECTRIC POWER PLANTS. 


Thomas Edward Murray. Cloth, in., illus., pp. 
New York, 1910. (Donated the Author.) 


The engineering details certain modern electric lighting and power plants 
which represent the most advanced design and construction, are given this 
book. The author, who designed -the plants described 
construction, has omitted all theoretical discussion the subject, stated, and, 
order make the book practical utility the electrical engineer and power 
station builder, has confined himself exposition facts and data valuable 
for purposes comparison. The Contents are: Waterside Stations, Nos. and 
(which exhibit the installation and operation units exceptional size and large 
output) Central Power Station the Brooklyn Rapid Transit Co. (which repre- 
sents system high-tension distribution with rotary converter substations) 
Williamsburg Power Station (which high-tension station, especially showing 
the application horizontal steam turbines prime movers) Central Station 
the Citizens’ Light and Power Co., Rochester, Y., and Washington Street Power 
Station the Utica Gas and Electric Co. (which represent typical installations 
for light and power Power Plant the Helderberg Cement Co. 
(an industrial plant wherein exceptional local conditions had Chatta- 
nooga and Tennessee River Power Co. (which represents recent application 
water power the production electrical energy) Gold Street Station the 
Kings County Electric Light and Power Co. (which example the earlier 
engine-driven station rebuilt turbine-driven station) Substations; Index. 


THE CORROSION AND PRESERVATION IRON AND STEEL. 

Allerton Cushman, Assoc. Am. Soc. and Henry 
London, McGraw-Hill Book Company, 1910. 


present simply possible the results the more recent researches 
the corrosion and preservation iron has been the aim the 
authors this book, and while number specific cases corrosion are dis- 
cussed, the subject has been treated general way. The book has been written, 
stated, mainly elucidate the electrolytic theory corrosion and put into 
the hands technologists working theory. The chapter the Theory Solu- 
tion contains explanation the fundamental electro-chemical principles, which 
hoped will helpful all who are interested the rapid rusting and decay 
iron. regard protective coatings for iron, the authors state that they 
have tried present the latest developments this phase the subject 


| ’ 
fe 
q 
| 
hag 
| 
| 
| 
| 
| 
] 


224 ACCESSIONS THE LIBRARY [Society 


general way order that each investigator may apply the principles his own 
particular problem. The Chapter Headings are: Introduction; The Problem 
Corrosion; Theory Solution; Theory Corrosion; Application Electrolytic 
Theory; The Inhibition and Stimulation Corrosion; The Technical Protection 
Iron and Steel; Relation Pigments the Corrosion Iron; Recent Field Tests 
Protective Coatings for Iron and Steel; Paints for Various Purposes; The 
Testing and Design Protective Paints; Properties Pigments; The Properties 
Paint Vehicles; Appendix Presenting Discussion Before the American Insti- 
tute Mining Engineers the Corrosion Water Jackets Copper Blast 


SULLA COSTRUZIONE DEI MURI APPRODO FONDO FANGOSO. 


Barberis. Paper, in., illus., 106 pp. Roma, Tipografia 
Co-operativa Sociale, 1909. (Donated the Author.) 


This book treats the construction quay walls soft shifting ground, 
the ports Brest, Bordeaux, Trieste, Kiddepur, etc. The author first 
describes the construction the quay wall Trieste from 1867 1884, and states 
that similar methods were adopted first his work the military port 
Spezia. However, after observations the behavior walls shifting 
bottoms, the author has found new system for surmounting the technical and 
economical difficulties encountered, and describes the wall devised. also describes 
experiments made with reinforced concrete, order find the most durable 
and economical construction for other quay walls the port Spezia. The book 
fully illustrated with plates and contains bibliography eight pages. 


Gifts have also been received from the following: 


Alaska Mexican Gold Mining Co. Medford, Mass.-Water and Sewer Commrs. 
am. pam. 

United Gold Mining Co. pam. Merchants’ Assoc. San Francisco. 

Am. Inst. Architects. vol. pam. 

Amsterdam, Y.-Board Water Mexican Ry. Co., Ltd. pam 


Commrs. pam. Montclair, J.-Board Health. 
Arkansas Assoc. Surv. and Civ. pam. 
Engrs. pam. Nebraska-State Ry. Comm. vol. 
Black, bound vol., pam. bound vol. 
Dept. vol. Comm. pam. 
Buffalo, Y.-Bureau Water. vol. New Wales-Dept. Public Works. 
Carnegie Steel Co. bound vol. pam. 
Copper Range Consolidated Co. pam. ound vol. 
Hudson Co. pam. New City-Board Water Supply. 
Sanitary Dist. vol. 
Fairmount Park Art Assoc. pam. erries. pam. 
Grand Rapids Indiana Ry. Co. York-State Dept. 
Haverhill, Mass.-Board Water Commrs. bound vol. 
pam. Water Supply Comm. 
Exper. Station. Ontario, Canada-Bureau Mines. 
John Crerar Library, The. pam. bound vol. 


Pennsylvania Co. pam. 
Lawrence, Mass.-Water Board. pam. 
Leominster, Mass.-Water Board. pam. Permanent Inter. Assoc. Navigation 


Congresses. pam. 

Works. pam. Rivers Dept. pam. 

Louisville, Ky.-Commrs. Sewerage. Ry. Signal Assoc. bound vol. 
bound vol. Root, Elihu. bound vol. 

Madras, Works Dept. St. Louis, Rocky Mountain Pacific Co. 
pam. pam. 

Mass.-Board Met. Park Commrs. Minn.-City Comptroller. 
bound vol. bound vol. 

Board Health. bound Paulo (State), 


Geographica Geologica. pam. 
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Smithsonian Institution. pam. 

Ingénieurs Civils France. 

Syracuse Univ. vol. 


Survey. pam. 
S.-Interstate Commerce Comm. 


pam. 
Waterways Comm. 


pam. 
.-Office Exper. Stations. pam 


S.-Bureau Steam Eng. pam. S.-Ordnance Office. bound vol., 

S.-Coast and Geodetic Verein Deutscher 
am. pam. 

vol. bound vol. 

Agriculture. bound Western Soc. Engrs. pam. 
vol. 


Wood Preservers’ Assoc. vol., pam. 


PURCHASE 


Replanning Reading; Industrial City Hundred Thousand. 
John Nolen. Geo. Ellis Co., Printers, Boston, 1910. 


American Society for Testing Materials: Proceedings the 
Twelfth Annual Meeting, June 29th, July 3d,1909. Vol. American 
Society for Testing Materials, Philadelphia, 1909. 


Fifth Report the Commissioners Appointed Inquire and Re- 
port What Methods Treating and Disposing Sewage (Including any 
Liquid from any Factory Manufacturing Process) May Properly 
Adopted; Methods Treating and Disposing Sewage; Appendix III, 
Memorarda Giving the Results Observations (Mainly during 1902- 
Various Processes Sew age Treatment. Dr. McGowan, Dr. 


Houston, Mr. Frye, and Mr. Kershaw. Wyman 
Sons, London, 1909. 


Mitteilungen uber Forschungsarbeiten auf dem Gebiete des In- 
genieurwesens insbesondere aus den Laboratorien der Technischen 


Hochschulen. Herausgegeben vom Verein Deutscher Ingenieure. Heft 
80-82. Springer, Berlin, 1910. 


Zentralblatt der Bauverwaltung. Herausgegeben Ministerium 


der Offentlichen Arbeiten. Jahrgang 29, 1909. Wilhelm Ernst Sohn, 
Berlin. 


Steel Mains for Gas Distribution. Walter Hole. Some Notes 
Modern Gas-Main Laying. Webber. Local Government 
and Contractor, London, 1910. 

Town Planning Practice; Introduction the Art Design- 


ing Cities and Suburbs. Raymond Unwin. Fisher Unwin, 
London, 1909. 


Town Planning, Past, Present and Possible. 


Inigo Triggs. 
Methuen Co., London, 1909. 
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ADDITIONS 
(April 12th May 10th, 1910) 


MEMBERS 
ANDERSON, Guy. Chf. Engr., Blackstaff 
Eng. Co., 1332 Walnut Philadel- 
> > 
CHARLES Pres., Hennebique Constr. 
Co., 1170 Broadway, New York City.............. 
BINCKLEY, Cons. Engr., Vancouver 
Power Co., Ltd., Vancouver, C., Canada........ 
Connick, Harris Haven. Chf. Asst. Engr., Jun. 


Dept. Works, Care, City Engr., Assoc. 


WILLIAM. 1718 St. Charles St., Alameda, 


Derrick, Guy Box 592, Pulaski, 


JOHN STEPHEN. 2451 Maryland Ave., Assoe. 


JR. Asst. Engr. Constr., 


ARTHUR GRANT. Div. Engr., C., Ry., St. 

ALLEN. Care, Chinese Eng. Min. 

JAMES ALBERT. Junior Engr., 


WALTER ASHFIELD. Supt., Water Dept., Dist. 

Martin, JAMES WILLIAM. Indian Ser- 


vice, 522 Bumiller Bldg., Los Angeles, 


Cal 


Coox. Prof. Civ. Eng., Syracuse Univ., 
417 University Syracuse, 


PILLSBURY, FRANKLIN CALHOUN. Div. Engr., Mass. 


way Comm., 126 Massachusetts Ave., Boston, Mass. 
PRITCHETT, CHARLES Chf. Div. 


Engr., Bureau Public Works, Manila, 


SAMUEL Chf. Engr., Smith Contr. 
Co., 189 Fourth Ave. (Res., 470 Third St.), Brook- 
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Date 
Membership. 


1899 
1910 


1910 


1910 
1899 
1903 
1910 


1910 
1910 
1906 
1910 


1906 
1910 


1910 


1910 


1907 
1910 


1910 


1899 
1910 


1910 


1909 


1903 
1910 


1910 


V 


\ 


Oct. 
May 
Jan. 
April 
April 
Feb. 
April 
May 
May 
Aug. 
Sept. 
Jan. 


Affairs. 


MEMBERS 


Quick, ALFRED Pres., Water Board 


and Water Engr., City Hall, Baltimore, 


(Smith Welles), Coal Exchange Bldg., 
Wilkes-Barre, 

SULLIVAN, JAMES HENRY. Deputy Supt. Streets, Chg. 
Highway Div., Room 44, City Hall, Boston, Mass. 

TRUMBULL, Morris Prin. Asst. Engr., Chic. 
Indiana Co., Room 67, Dearborn Station, 

WILLIAMS, JOHN Supt., Kahului 
Co., Kahului, Maui, Hawaii 


O., 1035 Security Bldg., Los An- 


geles, Cal 


ASSOCIATE MEMBERS 


With Isthmian Canal Comm., Gatun, 
Bacon, ARTHUR WHITTEMORE. Civ. and Cons. 
Engr. (Hall Bacon), National Bank Jun. 


Bldg., New Britain, 


ES 


BENHAM, WEBSTER Civ. and Cons. Engr., 713 
Campbell Bldg., Oklahoma City, Okla.............. 

Asst. Engr., Viele, Blackwell 
Buck, Wall St., Room 601, New York City 


Civ. and Hydr. Engrs.), 502 Mason 
Bldg., Los Angeles, soc. 


Brown, Huse. Asst. Engr., with 
Nichdlas Hill, Jr., 100 William St. Jun. 


(Res., West 127th St.), New York Assoc. 


Franz 800 Third St., Louisville, Ky.... 
CARHART, FRANK Asst. Idaho State Engr., 
Cons. Engr. (Craig Marshall), 
GEORGE WARREN, JR. National Bank 


Assoe. 


227 
Date 

Membership. 
Oct. 1898 
May 1910 
1905 
April 1910 
May 1910 
April 1910 
April 1910 
April 1910 
Jan. 1910 
April 1910 
Dec. 1905 
May 1910 
April 1910 
May 1910 
Feb. 1907 
April 1910 
1905 
April 1910 
1910 
Nov. i909 
April 1910 
Nov. 1909 
1910 
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ASSOCIATE MEMBERS (Continued). 
WILLIAM Res. Engr., Steel Prod- 


ucts Export Co., 24a Kiangse Rd., Shanghai, 
DoNOVAN, DANIEL BARTHOLOMEW. Asst. Engr., New York 


State Barge Canal, 502 Madison St., Rome, 


WALTER Lewis. Designing Engr. for Sellers 
Rippey (Res., 1416 Rush St.), Philadelphia, Pa.. 

Hancock, Henry Jr. City and 
Waterworks Engr., Ft. William, Ont., Jun. 


Canada Assoc. 


Henry. Asst. Engr., Mich. Cent. R., 
Prin. Asst. Engr., Terminal 
St. Louis, 3817 Russell Ave., St. 
CLARKE KENNERLEY. Asst. Harry Lewis, 
Engr., 602 Times Bldg., Pittsburg, Pa............. 
Joun Engr. for Stewart-Kerbaugh-Shanley Co., 
Contr. 12, New York State Barge Canal, Brewerton, 
Hoop, JAMES Care, Dist. Office, Stone Webster 
Eng. Corporation, Hauserlake, Helena, Mont 
Harry Engr. and Contr. 
(Gardner Howe), Porter Bldg., Jun. 


Memphis, Tenn Assoc. 


Hupson, Darwin Asst. Supt. Constr., The 
Astoria Light, Heat Power Co., 157 Franklin 

IRWIN, Brooke. Rd. Engr. Cecil County, Md., 

ALFRED Chf. Engr., Coignet Co., 

JENNINGS, JOHN Epwarp. 1469 Pacific Brooklyn, 

JOHNSON, CHAN. Div. Engr. and Technical Advisor 
Pres., Hunan Yueh Han Ry. Co., Ltd., Changsha, 

Henry. Gen. Supt., Des Moines Bridge 
Iron Co.; Address, 1073 Twenty-eighth St., Des 

Executive Engr., South Jersey 
Realty Co., 915 Real Estate Trust Bldg., Philadelphia, 

LAWRENCE, ENGELBERT CoNRAD. Engr., Newport Contr. 
Eng. Co., Newport News, 

MERRILL, FERRAND Care, Am. Bridge Co., 1421 
Frick Bldg., Pittsburg, 


[Society 
Date 
Membership. 

Jan. 1910 
Nov. 1909 
May 1910 
Oct. 1903 
April 1910 
1910 
April 1910 
April 1910 
April 1910 
1904 
April 1910 
April 1910 
1910 
April 1910 
Nov. 30, 1909 
Feb. 1910 
1910 
May 1910 
Nov. 1909 
April 1910 
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ASSOCIATE MEMBERS (Continued). 

Parsons. Asst. Engr., Bureau Hy- 
draulics, Barge Canal Office (Res., Lancaster 


Co. (Res., 330 Twenty-ninth Ave., D.), 
San Francisco, Cal 


Care, Herzog Iron Works, St. 
Peck, Engr., Chg. Mech. Dept., Water 
Works Hartford, 260 Edgewood St., Hartford, 


PENDLEBURY, Epwarp. Asst. Engr., Public 
Service Comm., 150 Nassau St., New Jun. 


RyAN, WALTER Office Asst. Engr., Jun. 
Ry., Chehalis, Wash. (Res., York, Nebr.) 
St. Engr. Chg. the Tailem 
Bend-Loxton Ry., Tailem Road, South Australia.... 
Rippey, Stephen Girard Bldg., Philadelphia, 
CHESTER ALEXANDER. 823 Scarritt Bldg., Kansas 
WESTOVER, CHRISTOPHER. (Archer, 
Rollins Co.), 534 Beals Bldg., Kansas 


JUNIORS 


Asst. Engr., Board Water Sup- 
ply, New York City, 165 Broadway, New York City. 
FREDERICK Hopkinton, Iowa....... 
Forest Ave. East, Detroit, Mich. 
Fox, WILLIAM FREDERICK. Road Engr., Interborough Rapid 
Transit Co., Dept.; Address, 108 East 
LAPHAM, JOHN West Medway, Mass.......... 
MAHONE, WILLIAM, JR. Res. Engr., Beaufort Div., Norfolk 
Southern Ry., Box 213, New Bern, 
MAXWELL, 2008 Calumet Ave., Chicago, 
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Membership. 

1910 
Sept. 1908 
April 1910 
May 1910 
April 1910 
Oct. 1906 
April 1910 
May 1908 
1910 
July 1909 
Mar. 1910 
April 1910 
April 1910 
1904 
April 1910 
Sept. 1908 
1910 
April 1910 
April 1910 
April 1910 
April 1910 
Nov. 1909 
April 1910 


1910 
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JUNIORS (Continued). Date 
Membership. 

MUNKELT, FREDERICK HERMANN. 322 West Church El- 

PARRIGIN, FRANK Engr., Tampa Jacksonville 

Asst. Mgr., Sam Mitchell, 

WILLIAM 701 Bldg., Oklahoma 


WALTER Care, Div. Engr.’s Office, New 
York State Dept. Highways, Meridian, Y.... Jan. 1910 


Engr., 417 West 120th St., New York City........ April 1910 
Asst. Engr. Constr., Ore. Short 


CHANGES ADDRESS 
MEMBERS 


Room 1015, Boston, Mass. 

ALMIRALL, RAYMOND 185 Madison Ave., New York City. 

BAKER, CHARLES HINCKLEY. Am. Cyanamid Co.; Vice-Pres., 
Muscle Shoals Co., Mohegan, 

BALDWIN, Care, Gen. Elec. Co., Park Bldg., Pittsburg, Pa. 

BALDWIN, THOMAS WILLIAMS. Weston Road, Wellesley, Mass. 

ONWARD. 193 Michigan Boulevard, Chicago, 

BENSEL, ANDERSON. Commr., Board Water Supply, 165 Broadway, 
New York City. 

BILLIN, CHARLES 1113 Peoples Gas Bldg., Chicago, 

BISSELL, CLINTON SPENCER. Asst. Engr., Co., Worthington St., 
Winfield Junction, 

WALTER Cons. Engr.; Secy., Holman Ry. Track- 
layer Co., 181 Salle St., Room 1110, Chicago, 

DENNIS, ARTHUR CRISFIELD. Emery, Utah. 

DENNIS, WILLIAM FRANKLIN. Cons. Engr.; Pres., Rinehart Dennis Co., 
Ry. Contrs., Evans Bldg., Washington, 

DANIEL Chf. Engr., Georgia, Southwestern Gulf R., 
Albany, Ga. 

JonN, Civ. and Engr., Third St., Troy, 

Frew, ARCHIBALD Engr. Chg., Almaden-Etheridge Ry., Charleston, 
North Queensland, Australia. 

Fyre, JAMES Archt. and Engr., 907 Steinway Hall, Chicago, 

GARDINER, FREDERICK WILLIAM. Prin. Asst. Engr., Interborough Rap. Trans. 

Co., Manhattan Ry. Div., Park Pl., New York City. 
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MEMBERS (Continued). 


Chf. Engr., Elec. Traction and Station Constr., 
Pennsylvania Station, 7th Ave. and 32d St., New York 
City. 

Gen. Supt., Leonard Constr. Co., Bldg., 

R., 335 Madison Ave., Room 1206, New York City 

Henry, WALTER. Cons. Engr., Broad St., New York City. 

Co., Pennsylvania Station, 7th Ave. and 32d St., New York 
City. 

Secy. and Treas., General Contr. Eng. Co., 
Broadway, New York City (Res., 669 Ave. Bayonne, J.). 

Howe, Care, Lyon Greenleaf, Wauseon, Ohio. 

Huss, Reserve, Wis. 

LAWRENCE, HEISLER. Structural Engr., Nimmons Fellows, Archts., 
2007 Peoples Gas Bldg., Chicago, 

LEA, SUMTER, JR. Room 530, Woodward Bldg., Birmingham, Ala. 

Lucas, VAN Court. 129 East 19th St., New York City. 

MACDONALD, CHARLES. Exchange New York City. 

Civ. and Cons. Engr. (Merrill Sears), 274 
Main St., Springfield, Mass. 

Mires, Chf. Engr., Mexicano Pacifico, Hotel Salina Cruz, 
Salina Cruz, Mexico. 

MINER, CHARLES 530 Bond Bldg., Washington, 

Cons. Engr., Rector St., New York City. 

Mosscrop, ALFRED Mirton. Director, Dorman, Long Co., Ltd., Middles- 
brough, England (Res., East Boulevard, Rochester, Y.). 

CHARLES WELLMAN. Civ. Engr., N., General Electrie Works, 
Schenectady, 

Gen. Supt. Constr., and Engr. with Charles 
Wills, Inc., 286 Fifth Ave., New York City. 

PHELPS, WILLIAM 165 Broadway, Room 1026a, New York City. 

Post, Henry Structural Engr., West 38th St., New York 
City. 

Prout, Henry First Vice-Pres. and Gen. Mgr., Union Switch 
Signal Co., St., New York City. 

MARSHALL Member, State Board Engrs. La., 904 
North Boulevard, Baton Rouge, La. 

JAMES VINCENT. Civ. Engr., Navy Yard, Brooklyn, 

WILL 430 Kane Milwaukee, Wis. 

Jonas Chf. Engr., Board Water Supply the City 

New York, 165 Broadway, New York City. 
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Russia. 

Zeitschrift, In- 
genieur und Architekten Verein, 
Vienna, Austria. 
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(56) Transactions, Am. Inst. Min. (81) Zeitschrift fiir Architektur und In- 
Engrs., New York City, $5. genieurwesen, Wiesbaden, Ger- 
(57) Colliery Guardian, London, Eng- many. 
land. (83) Progressive Age, New York City, 
(58) Proceedings, Engrs.’ Soc. Pa., 


Fulton Pittsburg, Pa., (84) Ciment, Paris, France. 


land, London and 


upon-Tyne, England. (86) Chicago, 
(60) Indian- (87) Roadmaster and Foreman, Chicago, 
Congress Assoc., Brussels, Bel- 
(62) Industrial World, Ninth gium. 
Pittsburg, Pa. Proceedings, Am. Soc. for Testing 
(63) Minutes Proceedings, Inst. E., Materials, Philadelphia, Pa. 
London, (90) Transactions, Inst. Naval 
(91) Transactions, Soc. Naval Archts. 
Club, Brooklyn, Y., and Marine Engrs., New York 
and, 15c. 
(67) News, Nationale, Paris, 
(68) Mining Journal, London, England. (93) Métallurgie, 
(70) Engineering Review, New York France, fr. 50. 
City, 10c. (94) The Boiler Maker, New York City, 
(71) Journal, Iron and Steel Inst., Lon- 
don, England. (95) International Marine Engineering, 
(71a) Carnegie New York City, 20c. 
Steel London, (96) Canadian Engineer, Toronto, Can- 


ada, 15c. 
(73) Electrician, London, England, 18c. 
(74) Transactions, Inst. Min. and (97) Turbine, Berlin, Germany, Mark. 


9 

Metal., London, England. (98) Journal, Engrs. Soc. 
(75) Proceedings, Inst. Mech. Engrs., Market St., Harrisburg, Pa., 30c. 
London, England. (99) Proceedings, Am. Soc. Municipal 


(76) Brick, Chicago, 10c. 


Improvements, New York City, 
(77) Journal, Inst. Elec. Engrs., London, 


England. (100) Professional Memoirs, 
(78) Beton und Eisen, Vienna, Austria. A., Washington, 
(79) Forscherarbeiten, Vienna, Austria. 
(80) Tonindustrie Zeitung, Berlin, Ger- (101) Metal Worker, New York City, 
many. 


LIST ARTICLES 


Bridges. 
Standard Specifications for Structural Steel for Bridges.* (Amer. Soc. for Testing 
Materials.) (89) Vol. 


The Quebec Bridge.* Gebhard Willrich. (100) Apr. 
Steel Railway and Highway Bridges the Province Alberta.* Chalmers, 


Can. Soc. (Abstract paper read before the Edmonton Eng. 
Soc.) (96) 


Concrete Girder Bridge with Curved Bottom Chord.* (14) Apr. 

Widening the Fioor Double-Track Masonry Viaduct.* (13) Apr. 14. 

Electrical Operation Eight-Track Lift Bridge.* (27) Apr. 14. 

The Protection Masonry and Concrete Bridges Waterproofing.* (96) Apr. 15. 

Analysis Concrete Bridge Failures.* Young. (Paper read before the 
Can. Cement and Concrete Assoc.) (86) Apr. 13; (14) Apr. 16. 

Cost Abutment Masonry and Slope Paving for Highway Bridge Foundations, 
Illinois and Mississippi Canal. (86) Apr. 20. 

Five-Mile Trestle across Albemarle Sound, Norfolk Southern Ry.* (13) Apr. 

Steel Arch Bridge the Province Yun-Nan, French China.* (13) Apr. 21. 

Cost Highway Bridges. (96) Apr. 22. 

Pneumatic Caisson Piers Alaska.* (14) Apr. 23. 

Building Concrete Bridge from Existing Structure.* (14) Apr. 23. 

Synopsis Paper upon Bridge Floors.* Eustace. (96) Apr. 29. 
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Bridges— (Continued). 


The Bear River Viaduct.* (14) Apr. 30. 

Three-Hinged Reinforced Concrete Arch Viaduct.* (14) Apr. 30. 

The the McKinley Bridge St. Louis.* Morse. (14) 

pr. 

Substructure Cantilever Bridge over the Ohio River Beaver, Pa., Pittsburgh 
Lake Erie R.* (13) May 

The Bailey Avenue Bridge, Buffalo.* (14) May 

Pont-Rails Tournant d’Hofstade Manceuvre Hydro-Electrique par Basculement 
pour Passage Ligne Double Voie Schaerbeek-Muysen au-dessus 
Description, Conduite Entretien.* Eug. Francois. 

pr. 

Les Ponts Suspendus Fixes, Systéme Gisclard; Pont Cassagne (Pyrénées- 
Leinekugel Cocq. (33) Apr. 

Pont Bois sur Cables Tii Miniak (Indes Néerlandaises).* (33) Apr. 23. 

wie Neue bei Marienwerder.* (49) Pt. 1-2, 1910. 

Die der Druckgurte Zimmermann. (49) 

4-6, 1910. 
sechsfach statisch unbestimmten Schachenmeier. 

Zur Stauberechnung bei Flussbriicken.* Hofmann. (51) Feb. 

Dreigelenkbogenbriicke tiber die Strasse Gaarden.* 
Gaugusch. (78) Feb. 20. 

Strassenbriicken Eisenbeton.* Emil. Morgenstern. (78) Apr. 


Electrical. 


Central Station Economics. Abbott. (4) Feb. 

Light and Artificial Illumination.* Stickney. (98) Mar. 

Continuous Current Boosters and Balancers.* Arthur Ker. 

Metallic Filament Lamps: Their Possible Beneficial Effects Supply Undertak- 
ings. Wilkinson. (77) Apr. 

Electric Motors and their Applications.* Chas. Raymond. (98) Apr. 

Telephones. Wilson. (77) Apr. 

Recent Developments the Transmission Electrical Energy High Tensions 
Overhead Lines.* Marchant and Watson. (77) Apr. 

Efficiency Short-Spark Methods Generating Electrical 
Eccles and Makower. (77) Apr. 

Some Quantitive Measurements Connection with Radiotelegraphy.* Flem- 
ing. (77) Apr. 

The Adaptation the Test Wire Telephony.* Lulofs. (73) Apr. 

First Cost Plant and Cost Generating and Distributing Electricity for Light- 
ing, Edison Electric Illuminating Co. Brooklyn. (86) Apr. 

Equitable Sliding Scale for Rates Electric Power.* Gordon, Assoc. 
Am. Soc. (13) Apr. 

The Laying Vitrified Conduit.* Harry Spillman. (27) Apr. 

New Electric Supply Station Dundee.* (73) Apr. (26) Apr. 

Westinghouse Phase-Advancer.* (73) Apr. (26) Apr. 15. 

Hydroelectric Installation Strangfjord, Norway.* (27) Apr. 14. 

The Induction Coil.* Benj. Bailey. (27) Serial beginning Apr. 14. 

The Uses Elecricity the Works the Manchester Dyers, Ltd.* (26) Apr. 


15. 

Electric Individual Drive Continental Textile Mills.* Rothenberg. (26) 
Serial beginning Apr. 15. 

The Automatic Regulation Alternators. Seidner. (Abstract from 
technische Zeitschrift). (73) Serial beginning Apr. 15. 

Experimental Catenary Line.* (Abstract from Electric Railway Journal.) 
(73) 15. 

Reserve Power Station; the Power Plant and System the Syracuse Lighting Com- 
pany.* Kennedy. (27) Apr. 21. 

Enameled-Wire Windings.* Charles Underhill. (27) Apr. 21. 

Transformers for Metallic Filament Lamps.* (12) Apr. 22. 

Electrostatic Charging Telegraph Wires Locomotives. Weightman. 
(Abstract from Post-Office Elec. Engrs’ Jour.) (12) Apr. 22. 

The Transmission System the Power Company.* (96) Apr. 22. 

Dalmatian Hydroelectric Plants.* (64) Apr. 26. 

Street Illumination, Photometric Tests Street Lighting Budapest.* Francis 
Jehl. (27) Apr. 28. 

Irrigation Pumping, Rates Charged for Electric Service Colorado. Rey- 
bold, Jr. (27) Apr. 28. 

Underground Conduits.* Paul Witham. (27) Apr. 28. 


*Tllustrated. 
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Electrical— (Continued). 


Telegraphy Photographs, Wireless and Wire.* Thorne Baker. (Ab- 
stract paper read before the Royal Inst.) (73) Apr. 29. 

Leakage Reactance.* Rezelman. (73) Apr. 29. 

Disruptive Strength with Transient Voltages.* Joseph Hayden and Charles 
Steinmetz. (42) May. 

Observation Harmonics Current and Voltage Wave Shapes Trans- 
formers.* John Frank. (42) May. 

Parallel Operation Three-Phase Generators with Their Neutrals Interconnected.* 
George Rhodes. (42) May. 

Combination Ice and Lighting Plant.* (27) May 

Die selbsttatigen Spannungsregler fiir Gleichstrom- und fiir Wechselstrom-Kraft- 
werke.* Schmidt. (48) Serial beginning Apr. 16. 


Versuche mit Isoliermitteln. (From Zeit. des Bayerischen Revisions-Vereines.) 
(48) Serial beginning Apr. 16. 


Marine. 


Marine Propulsion Electric Motors.* Henry Alexander Mavor, Inst. 
(63) Vol. 179. 

Standard Specifications for Structural Steel for Ships.* (Amer. Soc. for Testing 
Materials.) (89) Vol. 

and its Attainment Different Types Ships. Sadler. (8) 
an. 

Marine Steam Turbines with the Melville and Macalpine Speed-Reducing Gear.* 
(13) 

Ship-Resistance: Numerical Analysis the Distribution Effective Horse- 
Power.* Havelock. (Paper read before the Phil. Soc. Univ. Dur- 
ham.) Apr. 

The South African Mail Steamer Balmoral Castle. (11) Serial beginning Apr. 

The Japanese Battleship Satsuma.* (12) Apr. 15. 

Gun-Boat for Macao.* (11) Apr. 15. 

The Forges Chantiers Mediterranée.* (11) Serial beginning Apr. 22. 

Hydrographic Service Steamer for the Canadian Government.* (96) Apr. 22. 

Patterns for Sheet Metal Boat.* (101) Apr. 30. 

15-Yard Dipper Dredge.* (95) May. 

New Bucket Dredgers for the Kaiser Wilhelm Canal.* (95) May. 

Rock-Lifting Dredger.* (95) 

Electrically-Operated Suction Dredger.* William Donnelly. (95) May. 

Mammoth Clay-Cutting Suction Reclamation Dredgers.* (95) May. 

The Most Economical Type for Operation Western Rivers with 8-Ft. 
Channel Depth.* John Sweeney, Am. Soc. (13) May 

Role Economique Navire Commerce Moderne. Rousiers. (32) 
Feb. 

Considérations sur une Explosion survenue Bord Tankvoilier Jules Henry.* 
Dibos. (32) Feb. 

Construction des Sous-Marins Submersibles.* Laubeuf. 

eb. 

Note sur des Portes Roulantes d’Ecluses Seul Vantail.* 
Cock. (30) Apr. 

Fabrication des Plaques Blindage par Procédé Ugo Gregoretti. 
(From Revista Marittima.) (93) Apr. 

Die Hellinganlage des Stettiner Vulcan, Zweigniederlassung Hamburg, gebaut von 
Hein, Lehmann Co. A.-G. Diisseldorf-Oberbilk.* Cyran. (48) 
Serial beginning Mar. 


fiir die Triest.* Carl Stromek. (48) 
far. 


Mechanical. 


The Resistance Rotation Disks Water High Speeds.* Arnold Hartley 
Gibson, Assoc. Inst. and Ryan. (63) Vol. 179. 

Some Experiments Diesel Engine.* William Ernest Fisher and Edmund 
Baddeley Wood. (63) Vol. 179. 

The Permanent Mold and its Effect Cast Iron.* Custer. (89) Vol. 

for Foundry Pig Iron. (Amer. Soc. for Testing Materials.) 

ol. 

The Closing Blowholes Steel Ingots.* Henry Howe. (89) Vol. 

Cost Power for Various Industries under Ordinary Conditions. Charles 
Main and Gumby. (Paper read before the Bost. Soc. Civ. Engrs.) 

Mar. 
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Methods Handling Iron Ore during Transportation from Mine Blast Furnace.* 
James Little. (98) Mar. 

Belt William Bird. (From Jour. Worcester Poly. 
pr. 

Boiler Attachments and Funnel Draft. Spencer. (94) Apr. 

Boiler Repairs Electric and Autogenous Welding.* Scott Younger. (Ab- 
paper read before the Inst. Engrs. and Shipbuilders Scotland.) 

pr. 

Mechanical Stoking.* (76) Apr. 

Engine Driving Compressed Air.* Snowden Redfield. (64) Apr. 

West’s New Power Stoker for Horizontal Retorts.* (66) Apr. 

Gas Combustion.* Walter Grafton. (Paper read before the Scottish Junior Gas 
Assoc.) (66) Apr. 

for Transporting Structural Material City Streets.* (13) 

The Mitchell Cantilever Grain Elevator.* August Bock. (20) Apr. 

Industrial Motor Cars for Short Hauls.* (20) Apr. 

Ice-Making from Exhaust Steam, Plant the Holdrege, Neb., Lighting Company 
which Makes Ice By-Product.* (27) Apr. 

The Construction Aeroplanes.* (12) Serial beginning Apr. 

Heat Diagram for Use Turbine Design.* John Morrow. (Paper read before 
the North-East Coast Inst. Engrs. and Shipbuilders.) (47) Apr. 
Further Data the Worcester Retort House.* Dana Barnum. (Paper read 

before the New England Gas Engrs.) (24) Apr. 11; (83) Apr. 15. 

Giant Excavator.* (12) Apr. 15. 

Another Suggestive Instance the Economy Steam Power. (96) Apr. 15. 

The Use Aérial Wire Rope Tramways.* Payne. (16) Apr. 16. 

The Monorail System Modern Foundry Practice.* Albert Moyer. (Paper 
read before the Pittsburgh Foundrymen’s Assoc.) (62) Apr. 18. 

Management Water Gas Generators.* John Wing. (Paper read before the 
New England Assoc. Gas Engrs.) (24) Apr. 18. 

Automatic Oiling Meters.* Thomas Miller. (Paper read before the Amer. 
Gas Inst.) (24) Apr. 18. 

Dessau Settings Eighteen Vertical Geipert. (Abstract paper 
read before the Assoc. Gas Engrs. Saxony and Thuringia.) (66) 
Apr. 19. 

Street Illumination, Photometric Tests Street Lighting Budapest.* Francis 
Jehl. (27) Apr. 28. 

Some Practical Aspects Having Reference the Uses Illuminat- 
ing Gas.* Clark. (Abstract paper read before the Jun. Gas Assoc.) 
(66) Apr. 26. 

The Elevator Installation the Metropolitan Life Tower.* (46) Apr. 30. 

New Turbine Station Cincinnati.* (17) Apr. 30. 

Application Low-Pressure Turbines Compressor Work.* Sheperdson. 
(9) May. 

The Fuel-Briquetting Industry. Charles Wright. (9) May. 

Practical Study Power Costs. William Webber. (9) May. 

Motor Application Machine Tools.* Charles Fair. (42) May. 

The Development Oil Gas California.* Jones. (Paper read before the 
Amer. Gas Inst.) (24) May 

Artificial Systems Refrigeration. Wood. (64) May 

Continuous Billet Important Addition the Cambria Steel Company’s 
Plant.* (20) May 

Large Sand and Gravel Washing Plant.* (14) May 

Choice Power for Textile Mills. Charles Main. (Abstract paper read 
before the National Assoc. Cotton Mfrs.) (14) May 

Installation d’un Laboratoire d’Aérodynamique.* (32) Jan. 

L’Equilibre Longitudinal Courbure des Surfaces Portantes des Aéroplanes.* 
René Arnoux. (32) Jan. 

Visite Bureau Comité Société des Ingénieurs Civils France.* 
(32) Feb. 

Ramoneur Air Chaud, Dalmar.* 

Renouvellement Concession des Omnibus des Tramways Municipaux 
Paris.* (33) Apr. 


Apr. 16. 
des Fours Gaz Grebel. (33) Serial beginning 
Apr. 23. 


Die Autogene Schweissung.* Rinne. (50) Nov. 17. 
*Tllustrated. 
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Mechanical (Continued). 


Hinige Bemerkungen das Martinverfahren mit 
Schdanow. (50) Serial beginning Dec. 

Ueber das Schweissen des Gusseisens.* Lamberton. (50) Dec. 29. 

Die Formgebung der bei Richtmaschinen fiir Rohre und 
Mayer. (50) Jan. 19. 

Messung von Gasgeschwindigkeiten und Gasmengen.* Dosch. (50) Jan. 19. 

Ueber Kugellager.* August Bauschlicher. (50) Serial beginning Jan. 26. 

Maschinelle Herstellung von Formen fiir stehend giessende Rohre.* Ardelt. 
(50) Serial beginning Feb. 

Berechnungs-Tabelle fiir Zentrifugal-Pumpen und Reaktions-Turbinen.* Alfred 
Barbezat. (From Schweiz. Bauztg.) (97) Feb. 

Konstruktive Einzelheiten doppeltwirkenden Viertaktgasmachinen.* Drawe. 
(50) Serial beginning Feb. (48) Feb. 12. 

beginning Feb. 12; (50) Feb. 16. 

Verluste den Schaufeln von Freistrahldampfturbinen.* Nikolai Briling. (48) 
Serial beginning Feb. 12. 

Elektrischer Einzelantrieb von Webstiihlen. Milodrowski. (52) Jan. 31. 

Streifziige durch die Technik der Ziegelindustrie.* (80) 17. 

Die Gesteinbohrmaschinen und ihre Entwicklung.* Fr. Herbst. (48) 
Serial beginning Feb. 19. 

Die Berechnung der Scheibenkolben.* Pfleiderer. (48) Feb. 19. 

Die Dampfturbine Bauart Barbezat.* André. (97) Serial beginning Feb. 20. 

Einige Gesichtspunkte fiir die Konstruktion der Thomasbirne.* Gillhausen. 
(50) Feb. 23. 

Die Verladung von Massengiitern Eisenbahnbetrieb.* Schwabe. (48) Feb. 26. 

Die Luftmenge und ihre Bedeutung fiir den Bau und Betrieb der 
Georg Buzek. (50) Serial beginning Mar. 

Betriebskosten einer Gas- und einer aus Kolbenmaschinen und Dampf-turbinen 
gemischten Dampfkraftanlage.* Heym. (97) Mar. 

Das Breiten beim Walzen. Ernst Scheld. (50) Mar. 

die des Diidelingen.* Fr. 
Tillmann. (48) Mar. 12. 

Die Gasreinigungsanlage der Bethlen-Falvahiitte Schwientochlowitz Fr. 
Berger. (50) Mar. 16. 

Das Sport-Luftschiff Parseval Alb. Simon. (48) Mar. 19. 

Untersuchung von Automobilkiihlern.* Walther. (48) Serial beginning Mar. 


Der Einfluss des Kesselsteines auf Wirtschaftlichkeit und Betriebsicherheit von 
Heizvorrichtungen.* Reutlinger. (48) Serial beginning Apr. 

Uber die Regulierung von Kreiselpumpen und- Hoffmann. (97) 
Serial beginning Apr. 

Der mechanische Massentransport der Giesserei.* Hubert Hermanns. (50) 
Serial beginning Apr. 

Neuere Plattenventilen.* Schwanecke. (50) 
Apr. 13. 

Untersuchung und Berechnung der Bandbremsen.* Al. Siebeck. 
48) Apr. 16. 

Der geschlossene Hohlziegel (System Balg).* (80) Apr. 19. 

Die Gutehoffnungshiitte-Dampfturbine.* Banner. (97) Serial beginning Apr. 20. 

Zur Theorie der Zentrifugalpumpen.* Bartl. (97) Serial beginning Apr. 20. 

Die Kohlen- und Kokstransportanlage des Gaswerkes der Stadt Miinchen 
Moosach.* Hermanns. (48) Apr. 23. 


Metallurgical. 


Some Remarks upon the Critical Points Steel, their Method Determination 
and the Value Same.* George Sargent. (3) Apr. 

Notes Metal Losses Copper Slags.* Grabill. (16) Apr. 

Charging and Cleaning Machines for Zine Furnaces.* Saeger. (16) Apr. 

Treatment Complex Zinc Sulphide Ores Oker. Hermann Pape. 


Theoretical Notes Reverberatory Furnaces. Grabill. (16) Apr. 16. 

High Speed Steel and its Heat Treatment. Smith. (From Armour Engr.) 
<Apr. 21. 

The New International Smeltery Tooele, Utah.* John Tyssowski. (16) Apr. 
23. 

Cyaniding Silver Ores Mexico.* Girault. (45) May. 

Handling Tailings Colorado City.* Herrick. (45) May. 

Fabrication des Plaques Blindage par Procédé Grego- 
retti. (From Revista Marittima.) 

Die Roheisenerzeugung Hochofen Domnarfvet (Schweden).* 
Neumann. (50) Nov. 17. 
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Zum heutigen Stande des Herdfrischverfahren.* Otto Petersen. (Paper read before 
the Vereins deutscher (50) Serial beginning Jan. 

Untersuchungen des Fr. Springorum. (50) 

ar. 

Die neue Hochofenanlage der Gutehoffnungshiitte.* Fr. (50) Mar. 16. 

Berechnung der Windmenge fiir Hochéfen. (50) Mar. 23. 

Ueber Verwendung von Titan-Legierungen der Stahlindustrie.* Wilhelm Vena- 
tor. (50) Apr. 20. 


Military. 
Our Seacoast Defenses.* Cloke. (46) Apr. 


Mining. 


The Ignition Coal Dust Single Electric Flashes.* Thornton and 
Bowden. (Abstract paper read before North England Inst. Min. 
and Mech. Engrs.) (22) Apr. 

Electrical Colliery Installation Scotland.* Van Brussel. (16) Apr. 

Method Handling Slimes and Tailings.* Ihlseng. (16) Apr. 

Electricity the Shamrock and II. Colliery, Herne, Westphalia, Germany.* 
Hudspeth. (Abstract paper read before the North England Inst. 
Min. and Mech. Engrs.) (22) Apr. 15. 

The Electrification Murton Colliery, County Durham. Seymour. (Abstract 
paper read before the North England Inst. Min. and Mech. Engrs.) 

Recovery Large Fire-Sealed Area Coal Mine through Investigation with 
Helmets. Williams. (Abstract from The Mining World.) (13) 
Apr. 21. 

New Plant Birchenwood Collieries, Kidsgrove.* (22) Apr. 22. 

Plant the Dominion Asbestos Fibre Co.* (96) Apr. 22. 

The North Pole Mine, Baker County, Oregon.* Emil Melzer. (16) Apr. 23. 

Sinking Means Underhanging Tubbing.* (16) Apr. 23. 

Cost Churn Drilling. Weber. (Abstract from Wisconsin Engr.) (14) 
Apr. 23. 

Oil Flotation Process Broken Hill, W.* Theodore Hoover. (16) 

Apr. 30. 

Surface Plant Modern Coal Mine.* Warren Roberts. (45) May. 

Moisture Mine Air. (45) May. 

Clay Screens vs. Drying Ores.* Fox. (45) May. 

Tests Ilgner Electric Hoist.* (42) May. 

Brier Hill Concrete Lined Shaft, Mich.* William Kelly. (16) May 

Novel System Signaling.* Alfred (16) May 

Der zum Auskleiden von Steinkohlengebirge. Meurer. 

(51) Serial beginning Sup. No. 


Miscellaneous. 


The Law Conservation Energy.* Charles Steinmetz. (4) Feb. 

Random Notes Engineering the Philippine Islands. Amos Fries. 

Current Prices Materials, Supplies and Small Tools used Construction Work. 
Apr. 

Depreciation and Rates. (14) Apr. 16. 

How Keep English Patent Alive. (13). Apr. 21. 

New Pyrometer.* Charles Foster. (3) May. 


Municipal. 


Review Chicago Paving Practice.* Green, Assoc. Am. Soc. 
(54) Vol. 66. 

Proposed Tests for Bituminous Compounds for Roads and Pavements, including 
Sizing and Separating the Aggregate Asphalt Paving Mixtures. 
(89) ol. 

Bituminous Materials for Use and Road Surfaces and Means Determining 
their Character. Clifford Richardson. (89) Vol. 

The Effect Free Carbon Tars from the Standpoint Road Treatment. 
Hubbard. (89) Vol. 

Macadam Roads and Their Preservation. Page. (4) Feb. 

Destructive Action Motor Traffic Road Surfaces and Methods Construction 
Prevent it.* Fulweiler. (2) Apr. 

The Grade Wagon Roads.* Pillsbury. (100) Apr. 

Average Unit Prices and Some Details Pavements Constructed 1909 
Number Representative American Cities. (86) Apr. 

New Type Mixing Plant for Bituminous Paving Mixtures, and Data the 

Cost Constructing Asphaltic Concrete with it.* (86) Apr. 13. 
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Experimental Work the New York State Highway Commission 1909 with 
Glutrin, and with Resurfacing with Bituminous Macadam and Asphalt Mac- 
adam. (86) Apr. 13. 

Tables Showing the Amounts and Average Price Brick, Asphalt and Creosoted 
Wood Block Pavements Laid 1909 Number Representative American 
Cities. (86) Apr. 

Tests Street Flushing Washing Machines, Department Street Cleaning, New 
York City. Very. (13) Apr. 14. 

Method Constructing Sand-Clay Roads the Middle West and Cost Data the 
Construction Four Roads this Type. Spoon. (Abstract Circular, 
Office Public Roads.) (86) Apr. 20; (14) Apr. 16. 

Preservatives for Wood Paving Blocks. Charles Forrest, Assoc. Am. Soc. 
(14) Apr. 16. 

Cost Highway Work Maine. (96) Apr. 22. 

Experimental Grouted Macadam Road. (86) Apr. 27. 

Methods New York State Commission Highways Testing Bituminous 
Materials used Road Work. (86) Apr. 27. 

The Pavements Thompson. (Abstract paper read before the 
Amer. Cong. Road Builders.) (96) Apr. 29. 

The Use Concrete the Construction Pavements. James Pearson. (Paper 
read before the Can. Cement Assoc.) (96) Apr. 29. 

The System Los Angeles County, California.* Burt Heinly. (60) 


ay. 

Illumination Requirements Street Lighting.* Arthur Sweet. 

Paving Roadways having Steep Gradients. (86) May 

Rational Formula for Street Pavement Crowns.* Zahniser. 
(13) fay 

Tampon Métallique pour Pavage Bois.* Toulon. (92) Mar. 

Gross-Berlin, sein zur modernen Grossstadt-bewegung und Wettbewerb 
zur Erlangung eines Grundplanes fiir die Entwicklung Berlins 
und seiner Vororte zwanzigsten Jahrhundert.* Albert Hofmann. (51) 
Serial beginning Mar. 26. 


Stadtbauplan und Bauordnung Hinblicke auf Kleinwohnungen. Josef Hermann 
Stiibben. (53) Apr. 22. 


Railroads. 


The Traction Freight Trains Different Speeds. Clinton Bissell, Am. 
(54) Vol. 66. 

The Equipment and Working-Results the Mersey Railway under Steam and under 
Electric Traction.* Joshua Shaw, Inst. (63) Vol. 179. 

The Single-Phase Electrification the Heysham, Morecambe and Lancaster Branch 
the Midland Railway.* James Dalziel and Josiah Sayers. (63) Vol. 179. 

The Effect Electrical Operation the Permanent-Way Maintenance Railways, 
Illustrated the Tynemouth Branches the North Eastern Railway.* 
Charles Augustus Harrison, Inst. (63) Vol. 179. 

for Steel Tires. (Amer. Soc. for Testing 
(89) Vol. 

Standard Specifications for Bessemer Steel Rails. (Amer. Soc. for Testing Ma- 
terials.) (89) Vol. 

Standard Specifications for Open-Hearth Steel Rails. (Amer. for Testing 
Materials.) (89) Vol. 

Further Investigations Broken Steel Rails.* Henry Fay and Wint. 
(89) Vol. 

Investigation Defective Open-Hearth Steel Rails.* Robert Job. (89) Vol. 

Dark Carbon Streaks Segregated Metal Split Heads Rails.* Dudley. 
89) Vol. 

Junctions and Swing-Bridges, Elimination Slacking (America) Subject 
for Discussion the Eighth Session the Railway Congress.* Besler. 
(88) Mar. 

Report Junctions and Swing-Bridges, Elimination Slacking (All Countries 
except France, Italy, Spain, Portugal, Great Britain and Subject 
for Discussion the Session the Railway Congress.* Motte. 
Mar. 

Motor Vehicles (All Countries except Great Britain and Ameriva) 
Subject for Discussion the Session the Railway Congress.* 
Greppi. 

Report the Operation Switches and Signals (America) Subject for Discussion 
the Eighth Session the Railway Congress.* Carter. (88) Mar. 
Report the Use Steel, Special Steels (America) Subject for Discussion the 
Eighth Session the Railway Congress.* (88) Mar. 
Report Electric Traction (Germany); Subject for Discussion the Eighth 

Session the Railway Congress.* Gleichman. (88) Mar. 


Illustrated. 
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Railroads— (Continued). 


Report Improvements Locomotive Boilers (Austria-Hungary, Roumania, 
Bulgaria, Servia and Subject for Discussion the Eighth Session 
the Railway Congress.* Franz Gerstner. (88) Mar. 

Report Railways and Waterways (All Countries except Great Britain and 
America) Subject for Discussion the Eighth Session the Railway Con- 
Colson and Louis Marlo. (88) Mar. 

The Detroit River Tunnel.* Stuart Godfrey. (100) Apr. 

Electric Traction the Continent.* Thompson. (10) Apr. 

Report Committee Electrification (New York Railroad Club).* (65) Apr. 


Shop, New York, New Haven and Hartford 
pr. 


2-8-2 Engine; Virginian Railroad.* (21) Apr. 
Self-Contained Buffers for Converted Private Owners’ Wagons.* (21) Apr. 
Brennan’s Mono-Rail System. (21) Apr. 
Permanent Way for Narrow Gauge Railways.* (21) Apr. 
Steel Freight Car Construction.* Seley. (3) Apr. 
Automatic Signals for Electric Railways.* Carl Nachod. (3) Apr. 
Portable Storage Battery Automatic Block Signal Service. Beek. (Paper 
read before the Ry. Signal Assoc.) (87) Apr. 
Locomotives Natal Government Railways.* Apr. 
Tank Engines for Fast Passenger Traffic.* (12) Serial beginning Apr. 
The Enfield and Stevenage New Loop Line.* (12) Apr. 
Pole and Tie Preservation the South. (17) Apr. 
and Operating Features the Electrified St. Clair Tunnel.* (17) 
Apr. 
Data Tie Consumption and Preservative Treatment. (17) Apr. 
Elevation the Chicago, Milwaukee St. Paul Evanston, (15) 
pr. 8. 
Railway Depreciation Accounts. Sturgis. (Paper read before the National 
Assoc. Ry. Commrs.) (15) Apr. 
The Pennsylvania Terminal New York.* (14) Apr. (17) Apr. (15) Apr. 
15. 
Operation Electric and Mallet Locomotives the Great Northern. (15) Apr. 15. 
The Long Island Improvements the Pennsylvania System. (14) Apr. 16. 
New Locomotives for the St. Louis San Francisco Co.* (18) Apr. 16. 
Yard and Terminal Improvements, R.* (18) Apr. 16. 
Automatically Lighted Signal Lamps, Co. (18) Apr. 16. 
Proposed Catenary Construction for Harlem River Branch New York, New 
Haven Hartford Railroad.* (17) Apr. 16. 
American Four-Cylinder Locomotive (Rock Island Ry.)* (12) Apr. 22. 
Western Pacific Yards and Terminals.* Gustave Lemmerich. (15) Apr. 22. 
New Locomotive Terminal the Vandalia Terre Haute.* (15) Apr. 22. 
Railway Signalling. (96) Serial beginning Apr. 22. 
Tunnels Being and Tunnels Come.* (19) Apr. 23. 
Instrument for Measuring Acceleration and Gradient.* (13) Apr. 28. 
The Proposed Suburban Railways Sydney.* Burge, Inst. (12) 
Apr. 29. 
Grade Crossings. Pfeifer. (Abstract paper read before the St. Louis 
Ry. Club.) (96) Apr. 29. 
Railway Signalling.* Smart. (96) Apr. 29. 
New Steel Pullman Sleeping Car.* (15) Apr. 29. 
Some Engineering Features the Detroit River Tunnel.* (15) Apr. 29. 
Interurban Track and Overhead Construction. Hanlon. (17) Apr. 30. 
Mallet Articulated Compound Locomotive, 2-6-6-2 Type.* (25) May. 
Cost Constructing, Equipping and Operating Miles Electric Suburban 
Railway, New York and Long Island Traction Co. (86) May 
Multiple Track Railways New York State.* (15) May 
Consolidation Locomotive, Chicago, Milwaukee St. Paul.* (15) May 
Automotrices Monorails Gyroscopes Systémes Brennan Scherl.* Ch. Dantin. 
Mar. 26. 
Raccordement des Courbes.* 
Note sur les Nouveaux Wagons Couverts Fermés avec Entrée par Bouts pour 
Transport Voitures Automobiles, Cie M.* Lancrénon. 
Apr. 
des Chemins Fer Suisses pour des Chantiers.* 
Georges Zindel. (33) Apr. 23. 
Die Vorarbeiten fiir neue Eisenbahnen und Kanalbauten Italien.* Koppe. 
Der der Eisenbahn von Aynho nach Ashendon der Western-Eisenbahn 
England.* Karl Mentzel. (49) Pt. 1-2, 1910. 
Bauausfiihrungen Mittelmeerbahngesellschaft.* Oder. (49) 
Pt. 1-2, 1910. 
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Railroads—(Continued). 


Das Entwerfen und der Bau vcn Giiterschuppen.* Cornelius. (49) Pt. 4-6, 1910. 

aus Francke. (51) Jan. 12. 

graphische Bestimmung von Bahnkurven wirbelfreien 
Hermann Baudisch. (53) Feb. 11. 

Schienen aus Manganstahl.* Philips. (50) Feb. 23. 

Die mohammedanische Hisenbahn (Hedschasbahn).* (53) Mar. 

Bleibende den Schienenenden beim schwebenden Schienenstosse.* 
Hans Raschka. (53) Mar. 11. 

Vorschlage zur Verbesserung der Wiener Karl Hochenegg. 

Einrichtung zum Indizieren von Lokomotiven.* Rudolf Barkow. (48) Mar. 26. 

Die 3/6-gekuppelten Schnellzuglokomotiven Serie 210 der 
Staatsbahnen.* Metzeltin. (48) Apr. 

Neue Versuche zur Bestimmung des Erddrucks.* Remisch. 15. 

Die neue Hochgebirgsbahn von Kristiania nach Bergen.* Sigvard Heber. (48) 
Serial beginning Apr. 16. 


Railroads, Street 


Type Point Controller for Electric Tramways.* Tierney. 
pr. 

Shops the Cincinnati Traction Company.* (17) Apr. 

Reduced Weight Semi-Convertible Car.* (17) Apr. 

Forest Hills Terminal, Boston Elevated Railway.* (14) Apr. 

Recent Practice Motor Maintenance Boston.* (17) Apr. 

Cost the New York Subway and Operating it. (86) Apr. 13. 

Testimony Electric Railway Construction and Operation the Case Man- 
hattan Bridge Three-Cent Company.* (17) Apr. 16. 

Method Reconstructing the Washington Street Tunnel the Chicago Railways 
New and Economical Method Constructing Tunnels.* (86) 
pr. 20. 

Traffic Conditions Influencing Passenger Subway Construction Chicago, 
(86) Apr. 20. 

Cost Operating the Manhattan Elevated Railways. (86) Apr. 20. 

Method and Cost Constructing Street Railway Track with Grouted Crushed Stone 
Foundation. Weber. (Abstract paper read before the Central Elec. 
Ry. Assoc.) (86) Apr. 20. 

The Two-Story Street Railway Terminal the Public Service Railway, Hoboken, 
J.* Barney. (13) Apr. 21. 

Storage-Battery and Gasoline-Electric Cars the Third Avenue Railroad.* (17) 
Apr. 23. 

City Track Construction. Heindle. (Paper read before the Iowa Street and 
Interurban Ry. Assoc.) (17) Apr. 23. 

Cost Constructing and Operating the Electric Street Railways Long Island 
City, the New York and Queens County Railway. (86) Apr. 27. 

Cost Generating Electric Power for Operating the Elevated and Subway Cars 
Manhattan, New York City. (86) Apr. 27. 

Stone Crushing and Concrete Mixing Plant for Street Railway Work.* 
(13) Apr. 28. 

Cost Operating the New York City Railway Co. Lines, 218 Miles Electric 
Street Railways. (86) May 

Shops the London Underground Electric Railways.* (17) May 

Department Maintenance Way and Building, Metropolitan Street Railway 

Company.* (17) May 


Sanitation. 


Heating and Ventilating Plant the Boston Safe Deposit and Trust Co.’s Build- 
ing.* Charles Hubbard. (70) Apr. 

The Disinfection Water and Sewage. Earle Phelps. (2) Apr. 

New Sewage Pumping Station Glasgow.* (12) Apr. 

The Sewage Disposal Plant Roebling.* (14) Apr. 

Sewage Disposal Ideals. Easdale. (Paper read before the Soc. Engrs.) 
(14) Apr. (96) Apr. 

Constructing Large Brick-Lined Sewer Tunnel, Brooklyn, Y.* (14) Apr. 

Vapor Vacuum System Heating.* (101) Apr. 

Two Types Central Heating Plants Compared. (101) Apr. 

Some Experiments the Cost and Durability Cement Drain Tile. Day. 
(Paper read before the Can. Cement and Concrete Assoc.) (86) Apr. 13. 

Germicidal Effect Mine Water and Tannery Wastes. (14) Apr. 16. 

Constructing Concrete Sewers Open Trench.* (14) Apr. 16. 

Cost Excavating 1,850 Cu. Yds. Granite Trench for Sewer Construction.* 
James. (Abstract from Applied Science.) (86) Apr. 20. 

Classification and Study the Typhoid Statistics the Cities the United 
States. George Rodney Taylor. (13) Apr. 21. 
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Notable British Court Decision Regarding Stream Pollution the Birmingham 
Sewage Works. (13) Apr. 21; (14) Apr. 30. 

Cost Sewer, Muskoka, Ont.* (96) Apr. 22. 

Manhole for Deep Sewer.* Worthington. (96) Apr. 22. 

The Royal Commission Sewage Disposal (12) Serial beginning Apr. 22. 

Fish Pond Filled with Purified Sewage. (14) Apr. 23. 

Some English Costs Washing Filtering Material using Special Washing 
Machine. Ogden. (Abstract paper read before the Inst. San. 
(86) Apr. 27. 

Notes the Proposed Sewage Disposal Plant for Gloversville, Morrell 
Vrooman, Assoc. Am. Soc. (13) Apr. 28. 

The Glasgow Main-Drainage Works.* (11) Serial beginning Apr. 29. 

Sewage Disposal Works Indiana, Pennsylvania.* (14) Apr. 30. 

Methods Constructing the Western Ave. Sewer, Chicago, (86) May 

Sewage Disposal Plant Lancaster, New York.* (14) May 

Die Staubbeseitigung Hiittenwerken und Giessereien.* Ernst Schott. (Paper 
read before the Versammlung der Diisseldorf.) (50) Serial be- 
ginning Feb. 

ein neues Bausystem fiir Krankenanstalten und 
Sarason. (52) Mar. 15. 

Eine moderne Fabrikheizung.* Max Hottinger. (48) Mar. 26. 


Structural. 


Progress Report Special Committee Steel Columns and Struts. (Am. Soc. 
E.) (54) Vol. 66. 

Progress Report Special Committee Concrete and Reinforced Concrete. (Am. 
Soc. (54) Vol. 66. 

The Physical Properties Building-Material.* William Ralph Baldwin-Wiseman, 
Assoc. Inst. E., and Owen Williams Griffith. (63) Vol. 179. 

The Behaviour Ductile Material under Torsional Strain with Restoration 
Elasticity Low Temperatures.* Charles Edward Larard, Assoc. Inst. 
(63) Vol. 179. 

Some Results Dead Load Bending Tests Timber Means Recording 
Harry Tiemann. (89) Vol. 

Disintegration Fresh Cement Floor Surfaces the Action Smoke Gases 
Low Temperatures. Alfred White. (89) Vol. 

Concrete Reinforced Nails. Leon Moisseiff. (89) Vol. 

Standard Specifications for Structural Steel for Buildings. (Amer. Soc. for Test- 
ing Materials.)* (89) Vol. 

Report Committee the Corrosion Iron and Steel. (Amer. Soc. for Testing 
Materials.)* (89) Vol. 

Standard Specifications for Hard-Drawn Copper Wire. (Amer. Soc. for Testing 
Materials.)* (89) Vol. 

Standard Specifications for Open-Hearth Boiler Plate and Rivet Steel. (Amer. 
Soc. for Testing Materials.)* (89) Vol. 

Standard Specifications for Steel Splice Bars. (Amer. Soc. for Testing Materials.) 


(89) Vol. 
Standard Specifications for Cement. (Amer. Soc. for Testing Materials.)* 
Vol. 


Standard Specifications for Paving and Building Brick. (Amer. Soc. for Testing 
(89) Vol. 

Report Committee Preservative Coatings for Structural Materials. (Amer. 
for Materials.)* (89) Vol. 

Tests Standard I-Beams and Bethlehem Special and Girder Beams.* 
Edgar Marburg. (89) Vol. 

The Physical Quality Steel which has been Subjected Compression during 
Solidification. Bradley Stoughton. (89) Vol. 

The Compressive Strength Concrete Piers Affected Varying Bearing Areas.* 
Edgar Marburg. (89) Vol. 

Notes the Bearing Value Rods Embedded Concrete.* Robert Cum- 
mings. (89) Vol. 

Some Tests Bond Steel Bars Embedded Concrete Three Methods.* 
Berry. (89) Vol. 

Tests Plain and Reinforced Concrete Columns.* Withey. (89) Vol. 

Some the Principles Reinforced Concrete Construction and Some its Prac- 
tical Applications. Walter Loring Webb. 

New Paint Shop the Indianapolis Traction Terminal Company.* (17) Apr. 

Lock Woven Mesh System for Reinforcing Concrete.* (22) Apr. 

Stability against Overturning.* Johnson. (From Proc., Engrs.’ Club, Univ. 
Ill.) (96) Serial beginning Apr. 

Deep Foundation Construction Occupied Building.* (14) Apr. 

Steel-Frame Buildings Gary, Indiana.* (14) Apr. 

Reinforced Concrete for Coke-Bunkers.* (66) Apr. 12. 

Dry Rot Timber. (14) 16. 


*Tllustrated. 
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Continued). 


Storage Building for Automobile Factory.* (14) Apr. 16. 
Special Forms for and Methods Constructing Weber Concrete Chimneys.* Carl 


Weber. (Abstract paper read before the Amer. Soc. Eng. Contrs.) 
(86) Apr. 20. 


Steel Frame Buildings Gary, Ind.* (14) Apr. 23. 

The London County Hall.* (12) Apr. 29. 

Placing Concrete Aqueduct Lining Freezing Weather. (14) Apr. 30. 

Framework New 22d Regiment Armory, New York City; Three-Hinged Arch 
Roof with Cantilever Skewback Supports.* (13) May 

Characteristics Creosote. (Wood Preservation.) (14) May 


Note Calcul des Rotules des Rouleaux Dilatation.* Rousseau. 
pr. 


Fondations sur Pieux Béton.* (35) Apr. 

Beitrag zur Theorie der Verbundbalken, inbesondere der genieteten Trager.* Ivan 
Arnovlevie. (81) Pt. 

besonderer Ehlers. (81) Pt. 

Die der Maschinen und Pudor. (81) Pt. 

Uber die Berechnung mehrfach statisch unbestimmter Systeme und verwandte 
Aufgaben der Statik der Baukonstruktion.* Hertwig. (49) Pt. 1-2. 

Ausfiihrung von Fabrik-und Schornsteinbau unter besonderer Beriicksichtigung der 
Feuerfestigkeit der Materialien und Steppes. (51) 
Serial beginning Sup. 

Dachkonstruktion armiertem Beton.* Schaaf. 

up. 

Thermograph fiir die Bindezeit der Zemente.* Quietmeyer. (80) Jan. 

Mortel- und Mauerwerksfestigkeit bei héheren Warmegraden.* (80) Jan. 

Untersuchung eines Schlacken-zementes.* (80) Jan. 15. 

und Gasdurchlassigkeit feuerfester Stoffe.* (80) 
an. 

Aussichtsturm aus auf dem bei Pfullingen 
Zipkes. (51) Jan. 26. 

Beitrag zur Berechnung von Vierendeeltragern.* Ostenfeld. (78) Jan. 28. 


Die Folgen des Gebrauchs unrichtig zusammengesetzter Schumann. 
(80) Jan. 


Umschniirter Beton (Beton fretté).* Magid. (51) Jan. 26. 
Die kiinstliche Austrocknung von Bauten.* Wendt. (51) Serial beginning Feb. 


Die Festigkeit Schachtausmauerungen aus Beton und Elwitz. 
Feb. 16. 

von Walzmaterial den verschiedenen Verarbeitungsstufen.* 
Serial beginning Feb. 16. 

Die Griindung der neuen Rheinspeicher Agrippina-Ufer der Stadt mit 
Streckmetall-umschniirten Reinken. (51) Serial begin- 
ning Feb. 16. 

Druckversuche Buenos Aires.* Lufft. (78) Feb. 20. 

Ermittlung der Momente von kontinuierlichen Eisenbetonplatten.* Burghardt. 
78) Feb. 20. 

fiir grosse Stiitzenlasten.* Max Bachner. (78) 
Feb. 20. 

Bismarckturm Glauchau.* Bazali. (78) Feb. 20. 

Fahrzeugdepot Berlin.* Szalla. (78) Feb. 20. 

Der Einfluss von oder Schlitzen der Neutralschicht gebogener Balken 
auf ihre Tragfahigkeit.* Pfleiderer. (48) Feb. 26. 

Wiederaufbau des Turmes der St. Michaeliskirche Hamburg.* Hennicke. 
(51) Serial beginning Feb. 26. 

Versuche iiber die Widerstandsfahigkeit von 
Querschnitt.* Bach. (48) Mar. 

Ueber den Baugips (Stuckgips).* (80) Mar. 

Ein Fachwerktrager von Spannweite.* Ernst Lorenz. (51) 
Mar. 

Versuch mit einem Alfredo Werner. (78) 

Durchbiegung von und Folgerungen hieraus.* 
Pollnow. (78) Mar. 14. 

Griindungen mittels “System Compressol” 
Aegypten.* Walther Stross. (78) Mar. 14. 

Die Bulbeisendecke Neubau des Schuppens Moldauhafen Hamburg (etwa 
11000 Decken).* Kaufmann. (78) Serial beginning Mar. 14. 

Die neuen Preussichen Ministerialbestimmungen und Material- 
beanspruchungen bei Hochbauten. Laskus. (78) Mar. 14. 

Ministerialerlass Belastungs-annahmen und zulassige Beanspruchungen.* (80) 
Mar. 15. 

Brandprobe mit Ziegeln und Kalksandsteinen.* (80) Mar. 17. 


*Tllustrated. 
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Structural—(Continued). 


Pfahlgriindung fiir das Palacky- Monument Prag.* (78) pr. 

Die Schablonendecke mit ebener Betonuntersicht von Prof. Dr. Ing. Milankovich.* 
Cuizza. (78) Apr. 

Auffallige Beobachtungen einem Schlackenzement. (80) Apr. 

Ziegel und Kalksandsteine. Joannini (Hanau). (80) Apr. 14. 


Topographical. 


The Mille Lac Lake Survey, Methods and Costs. Robert Follansbee, 
Assoc. Am. Soc. (13) Apr. 


The Dominion Observatory.* King. (96) Apr. 
Water Supply. 


Modern Hydraulic Turbines.* Chester Larner, Esq. (54) 


The Purification the Water Supply Steelton, Pennsylvania.* James Fuertes, 
Am. Soc. (54) Vol. 66. 

The Redemption the Great Valley California.* Foote, Am. Soc. 
(54) Vol. 66. 

The Outlet Control Little Bear Valley Reservoir.* Trask, Am. Soc. 
(54) Vol. 66. 

The Coagulating Plant the St. Louis Water Works. Arthur Jacobs. 
read before the Club St. Louis.) (1) Mar. 

Analysis Water-Power Propositions. Edwin Beugler. 
the Bost. Soc. Civ. Engrs.) (1) Mar. 

Irrigation and Engineering.* Willey. (10) Apr. 

The Disinfection Water and Sewage. Earle Phelps. 

Electric Irrigation Pumping Colorado, its Effect the Load Curve 
the Northern Colorado Power Company.* Reybold, Jr. (27) Apr. 
The Lime Disinfect the Water-Supply Montreal, Q.* 

Experiments with Hypochlorite Lime Water Disinfectant Hartford, Conn. 
Ermon Peck. (13) Apr. 

The Use Hypochlorite Lime Connection with the Mechanical-Filtration 
Plant Harrisburg, Pa. (13) Apr. 

Hypochlorite Water-Disinfecting Plant Minneapolis, Minn.* 

Gelston. (Abstract paper read before the Water Supply 

Assoc.) (13) Apr. 

The Use Sulphate Alumina and Hypochlorite Lime the Storage and 
Distributing Reservoir the Nashville Water-Works. George Reyer. (13) 


Apr. 

Core Drilling under the Hudson River for the Catskill Aqueduct. William Swift, 
Assoc. Am. Soc. (13) Apr. 

Hydraulic Machinery and Appliances.* Etchells. (Paper read before the Man- 
chester Assoc. Engrs.) (47) Serial beginning Apr. 

Experiments upon the Flow Water over Triangular Notches.* James Barr. (11) 
Serial beginning Apr. 

Turbine Pump the Low Level Pumping Station, Montreal, Que. (96) Apr. 

Novel Method Placing Cast Iron Wells Water Works Crib.* (86) 
Apr. 13. 

Designs and for Rebuilding the Colorado River Dam Austin, Texas.* 

Failure Earth Dam with Concrete Core Wall Erindale, Ontario.* Francis 
Longley, Assoc. Am. Soc. (13) Apr. 14. 

The Slow Sand Water Filters under Construction Reading, Pa.* Mandes Golder. 
Apr. 14. 

Pressure Mechanical Water-Filtration Plant Duke’s Farm, 
Somerville, J.* George Hodkinson. (13) Apr. 14; (98) Mar. 

The Influence Forests Climate, Floods and Erosion. George Swain, Am. 
Soc. (13) Apr. 14. 

Yorkton Compressed Air Water-Works System. McArthur. (96) Apr. 15. 

The Loch Leven Power Plant.* (96) Apr. 15. 

Water Powers our Northern Slope James Bay, Province Ontario. 


Rorke. (Abstract paper read before the Engrs. Club Toronto.) (96) 
Apr. 15. 


Water Power Plant for Paper Mill.* (14) Apr. 16. 

Government Irrigation the Kakima Watershed; the Tieton Canyon Canal.* Day 
Allen Willey. (46) Apr. 16. 

Waterworks Empalme, Mexico.* (14) Apr. 16. 

Earth Reservoir Ogden, Utah.* (14) Apr. 16. 

The Chances Pollution Shallow Wells for Municipal Water-Supply. Charles 
Burdick. (Abstract paper read before the Ill. Water Supply Assoc.) 
Apr. 21. 


(Paper 
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Water Supply— (Continued). 


Study Seepage Losses from Streams Owens Valley, California.* Charles 
Lee, Jun. Am. Soc. (13) Apr. 21. 

The Proposed Enlargement the Water-Supply Baltimore, Md. Alfred Quick, 
Assoc. Soc. (13) Apr. 21. 

Relative Corrosion Wrought-Iron and Steel Pipes.* (Report Comm. the 
Amer. Soc. Heating and Ventilating Engrs.) (47) Apr. 22. 

The Going Value Water-Works. (14) Apr. 23. 

Leakage Tests 11-Ft. Reinforced Concrete Pipe. (14) Apr. 23; (86) Apr. 27. 

Water Purification and Pumping Plant New Orleans, La.* (14) Apr. 23. 

Cost 48-Inch Cast Iron Force Main. (14) Apr. 23. 

Concerning the Corrosion Metals Water (Pipe for Water Works). George 
Fuller. (14) Apr. 23. 

Failure Reinforced Concrete Reservoir. (14) Apr. 23. 

Concrete Chute Irrigation Canal.* Nikolitch. (14) Apr. 23. 

Some Los Angeles Aqueduct Costs. (13) Apr. 28. 

The Production and Utilization Ozone with Especial Reference Water Puri- 
fication.* (13) Apr. 28. 

London Water Supply. (12) Apr. 29. 

Reconnaissance Method Determining the Reservoir Sites.* Horace 
Sheley, Assoc. Am. Soc. (14) Apr. 30. 

The Ripon Water-Works Decision. (14) Apr. 30. 

Sterilization Water. Walden and Powell. (Abstract paper read before the 
Amer. Assoc.) (60) May; (14) May 

Method and Cost Lining Earthen Channel with Concrete.* (86) May 

The Los Angeles Aqueduct: Structural Details, Economic Studies, Working Organ- 
ization, and Service Construction.* (86) May 

Sanitary Condition Inlet Tunnel Water Supplies Immediately after Completion.* 
John Alvord and Lewis Birdsall. (Abstract paper read before the 
Ill. Water Supply Assoc.) (13) May 

the Design Impulse-Wheel Buckets.* George Peck. (13) 

New Water Pressure Regulating Valve with Electrical Quick-Opening Attach- 
ment.* (13) May 

Water Filtration Theory and Practice.* George Whipple. (Paper read before 
McGill Univ.) (96) May 

Municipal Water Softening McKeesport. Alexander Potter. (Abstract paper 
read before the Amer. Assoc.) (14) May 

Electricity Water-Works Pumping.* Charles Burdick. (Abstract paper 
read before the Amer. Assoc.) (14) May 

Fire Service Water-Works System Winnipeg. Ruttan. (Abstract paper 
read before the Amer. Assoc.) (14) May 

Flumes Galvanized Sheets, Open “Water Canals Galvanized Metal without 
Rivets Solder.* Frank Perkins. (101) May 

Poteaux Creux Béton Armé Fabriqués Mécaniquement.* (84) 

Chateau d’Eau Béton Armé Ixelles, prés Bruxelles.* (33) Apr. 

Betriebsplan fiir die Okertalsperre Harz.* Ziegler. (49) Pt. 4-6, 

Die von Fliissigkeiten Flachen, Theorie der Schrauben und Trag- 

Ueber verschiedene Formen Pitotscher Réhren. Blasius. (From Zentralblatt der 
Bauverwaltung.) (97) Jan. 20. 

ausgefiihrte Wasserkraftanlagen.* (78) Serial beginning Mar. 14. 

Das Wasserwerk der Stadt Wien Matzendorf.* Alexander Swetz. (53) Mar. 18. 

Der Nutzen des bei Wasserkraftanlagen.* Clemens Herschel. 
(97) Mar. 20. 

Die Ausnutzung der Albert Loacker. (97) Mar. 20. 

Die wirtschaftliche Ausnutzung der Wasserkrafte den Beleuchtungs- und Kraft- 
verteilungsanlagen Stidte.* Norberg-Schulz. 


Waterways. 


River Protection Work the Kansas City Southern Railway, near Braden, Okla.* 
Lahmer, Am. Soc. (54) Vol. 66. 

The Reinforced Concrete Wharf the United Fruit Company Bocas del Toro, 
Panama.* Howard Barnes, Am. Soc. (54) Vol. 66. 

The Use and Care the Current Meter Practiced the United States Geological 
Survey.* John Hoyt, Am. Soc. (54) Vol. 66. 

Floods the River Seine, Remarks Proposed Means Mitigate Flood Conditions 
Paris. Thomas Roberts. (58) Mar. 

Report Railways and Waterways (all Countries except Great Britain and 
America) Subject for Discussion the Eighth Session the Railway Con- 
gress.* Colson and Louis Marlo. (88) Mar. 

Movable Tops for Fixed Dams.* Newcomer. 

The Dimensions Artificial Waterway Carry Known Volume. Abbot. 
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New Lock and Dam No. Monongahela River Brownsville, Pa.* Lewis 
Adams. 

Unattended Fog Signal Lighthouse Guernsey.* (12) Apr. 

Proposed Harbor Development Milwaukee, Wis. (14) Apr. 14. 

The Port Dover.* Arthur Walmisley. (29) Apr. 15. 

Cumberland River Canalization.* Wm. Harts. (13) Apr. 16. 

Failure Wooden Piling due Private Agencies and Methods Prevention. 


(Paper read before the Nova Scotia Soc. Civ. Engrs.) (96) 
pr. 


March Lake Levels. (96) Apr. 22. 

The Magnitude the Operations Panama. (14) Apr. 23. 

Waste Weir Design, New York State Barge Canal.* (14) Apr. 23. 

Methods and Cost Constructing Concrete Lock the and Mississippi 
Canal.* (86) Apr. 27. 

The North Shore Channel the Sanitary District Chicago.* (86) Apr. 27. 

The New Dock Facilities Avonmouth, England.* (13) Apr. 28. 

Comparison Stream Discharges Indicated Current Meter and Weir 
Formulas, Yakima River, Washington.* Stevens, Assoc. Am. Soc. 
(13) Apr. 28. 

The Hydraulic Lift Locks.* Walter Francis. (12) Serial beginning 
pr. 

Proposed Freight System for the Mississippi River. (14) Apr. 30. 

Preliminary Work the Tallahatchie Drainage District. (14) Apr. 

Construction the New York State Barge Canal Through Little 
Watt. (14) May 

Fabrication Manutention Béton dans Construction des Ecluses 
Canal Panama. Ch. Dantin. (33) Apr. 

Rachou. (33) Apr. 16. 

Les Effets Crue Seine Janvier 1910 dans Paris Banlieue.* 
Dumas. (33) Mar. 26. 

Die Vorarbeiten fiir neue und Kanalbauten Italien.* Koppe. 

zur Beseitigung der vom 30./31. Dezember 1904 
den Aussenkiisten des Regierungsbezirks Stralsund.* Niese. (49) Pt. 1-2, 
1910. 

Das Walzenwehr Neckar bei Poppenweiler und die Walzenwehre Allgemeinen.* 
Th. Becher. (51) Serial beginning Jan. 29. 

Der und das Hochwasser der Diina Friihjahr 1909. Pabst. (52) 
Feb. 15. 

Das Wehr den St. Andrews- Stromschnellen.* Borden, Can. Soc. 
(48) Mar. 12. 

Das Seine-Hochwasser Paris vom 1910.* (53) Mar. 18. 
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SOCIETY AFFAIRS 
CONTENTS 
Minutes Meetings: 
the Society, May 18th and June 1910............. 
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Privileges Engineering Societies Extended 
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MINUTES MEETINGS. 
THE SOCIETY 


May 18th, 1910.—The meeting was called order 8.30 M.; 
Belknap, Director, the chair; Chas. Warren Hunt, Secretary; 
and present, also, 160 members and guests. 

Resistance and Stability was presented the author and 
illustrated with lantern slides. 

The subject was discussed Messrs. Kennard Thomson, 
Gregory, Alexander Chenoweth, and Francis Perry, 


and the Secretary read communication from Goodrich, 
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The Secretary announced the following deaths: 

JOSEPH elected Member January 3d, 1883; died 
May 4th, 1910. 

elected Member December 2d, 1903; 
died May 6th, 1910. 

SAMPLE, elected Member October 6th, 1886; died 
March 4th, 1910. 

ARCHIBALD ALEXANDER elected Member May 1907; died 
April 26th, 1910. 

elected Junior September 6th, 1904; died 
March 23d, 1910. 


Adjourned. 


June 1910.—The meeting was called order 8.30 M.; 
President Bensel the chair; Chas. Warren Hunt, Secretary; 
and present, also, members and guests. 

The minutes the meetings April 20th and May 4th, 1910, 
were approved printed the Proceedings for May, 1910. 

paper Temple, Am. E., entitled “The New 
York Tunnel Extension the Pennsylvania Railroad. Meadows 
Division and Harrison Transfer Yard,” was presented title. 

E., entitled “The New York Tunnel Extension the Pennsyl- 
vania Railroad. The North River Tunnels,” was presented James 
Forgie, Am. Soe. E., and illustrated with lantern slides. 

The Secretary announced the election the following candidates 
the Board Direction May 1910: 


Epwarp Ayres, Memphis, Tenn. 
Henry Brown, San Bernardino, Cal. 
Henry Howarp, Quincy, Mass. 
Duncan MacVicar, Missoula, Mont. 
Ernest Evanston, 
Ren Brown South Bend, Ind. 
New York City. 


Harry Memphis, Tenn. 
Ayer, Cincinnati, Ohio. 
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Daty, Mandan, Dak. 

Guy Dosson, Portland, Ore. 

Berry Duncan, Columbia, Mo. 

Firzpatrick, Grand Rapids, Mich. 
ALBERT Firmeza, Cuba. 

JOSEPH ALEXANDER GRANT, Montreal, Que., Canada. 
Lee Harris, Ariz. 

Hays, Reno, Nev. 

Orris Cincinnati, Ohio. 

Henry Krone, Baltimore, Md. 

Law, Bridgeport, Conn. 

JoHN Martin, New York City. 

Epwarp Madison, Wis. 

Cyrus Epwarp Cananea, Sonora, Mexico. 

Newton, Kans. 

THomas Houston, Tex. 

Frep Paso, Tex. 

Berkeley, Cal. 


ASSOCIATE. 
JoHN Kenyon, Chicago, 


Vincent Banta, Ridgewood, 
Frep Jefferson, Ohio. 
Henry Buettner, New York City. 
LyMAN San Francisco, Cal. 

Jay ALLEN Chicago, 

North Adams, Mass. 
Harry Spear Walden, 

New York City. 
JAMES Francis Brown Station, 
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Arkansas City, Ark. 
Francis New Haven, Conn. 
New York City. 

Manila, Philippine Islands. 
Frank Louisville, Ky. 


The Secretary announced the transfer the following candidates 
the Board Direction May 31st, 1910: 


Patrick New York City. 
Frank Martins Ferry, Ohio. 
Harry Amherstburg, Ont., Canada. 
New York City. 

Oakes, Cincinnati, Ohio. 

ALFRED YNGVE City Mexico, Mexico. 
New York City. 


New York City. 

Epwarp Hayes, Babb, Mont. 

Duncan Macon, Mo. 


The Secretary announced the following deaths: 


Epwarps McKay, elected Member July 5th, 1893; died May 
13th, 1910. 


elected Member May 5th, 1886; died 
February 27th, 1910. 


Adjourned. 
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ANNUAL CONVENTION, HELD CHICAGO, ILL., 
JUNE 1910 


FIRST SESSION* 


Tuesday, June 1910.—The meeting was called order 
M.; President John Bensel the chair; Chas. Warren Hunt, 
Secretary; and present, also, about 150 members and many guests. 

The President introduced Dr. Evans, Health Commissioner, 
who, behalf the Mayor, the Society Chicago. 

the conclusion Dr. Evans’ remarks, the President delivered 
the Annual 


BUSINESS MEETING 


Second Session the Convention, Tuesday, June 21st, 1910.— 
the conclusion the President’s Address, the Business Meeting 
was convened; President John Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, about 150 members and many 
guests. 

The Secretary presented the Report the Board Direction 
reference the proposal appoint Special Committee Report 

motion, duly seconded, refer the matter letter-ballot the 
Society was lost vote 43. 

The Secretary presented giving the result the sug- 
gestions members the Time and Place for holding the Annual 
Convention 1911.§ 

motion, duly seconded, the matter the selection the Time 
and Place for holding the next Annual Convention was referred the 
Board Direction, with power. 

The Secretary presented report from the Special Committee 
Rail Sections, which the Committee requested discharged.|| 

motion, duly seconded, the report was accepted and the Com- 
mittee discharged. 

The Secretary presented the Report Committee the Board 
Direction appointed formulate the general lines which should 
followed legislation affecting the practice 

motion, duly seconded, the report was accepted. 


Adjourned. 


For the report full this and the Business Meeting, see page 274. 
See page 277. 
See page 
See page 287. 
See page 291. 
See page 299. 
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Third Session, Tuesday, June 21st, meeting was 
called order 8.30 the Gold Room the Congress Hotel; 
President John Bensel the chair; Chas. Warren Hunt, Secretary, 
and present, also, many members and guests. 

Alfred Noble, Past-President, Am. Soc. E., described the New 
York Tunnel Extension the Pennsylvania Railroad, illustrating his 
remarks with lantern slides. 

Adjourned. 


Fourth Session, Wednesday, June 22d, 1910.—The meeting was 
Bensel the chair; Chas. Warren Hunt, Secretary, and present, 
also, many members and guests. 

Waldo Smith, Am. Soe. E., described the new water 


supply for the City New York, illustrating his remarks with 
lantern slides. 


Adjourned. 


Fifth Session, Thursday, June 23d, 1910.—The meeting was 
order the Congress Hotel 8.30 m.; President John 
Bensel the chair; Chas. Warren Hunt, Secretary; and present, 
also, many members and guests. 

The plans recently perfected for beautifying the City Chicago 
were described and illustrated Burnham, Esq. 

Adjourned. 


ELECTIONS AND TRANSFERS THE BOARD DIRECTION, 
JUNE 30TH, 1910 


MEMBERS. 
Oscoop Frost Barnes, Susquehanna, Pa. 
ALLEN Spokane, Wash. 
Frank Henry Springfield, 
Warren Hoyt, Riverside, 
JaMES New York City. 
WHEELER, Boston, Mass. 
Peter St. Paul, Minn. 


MEMBERS. 
Guy Burnet Besout, Wheeling, Va. 
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Jay Dawson, Los Angeles, Cal. 
Myron Canton, Ohio. 
Rarre Emerson, Bethlehem, Pa. 

Des Moines, Iowa. 
Morton Hastines, Richmond, Va. 

Frank Tacoma, Wash. 

McNary, Pittsburg, Pa. 

Howarp Ft. Duchesne, Utah. 
Brooks Baltimore, Md. 

O’Hara, San Francisco, Cal. 
Calgary, Alta., Canada. 
Suaw, Boston, Mass. 

Frank Norton Spencer, Toledo, Ohio. 

New York City. 

Harry New York City. 


ASSOCIATE. 
Brown, New York City. 


Lucius Cary, Boston, Mass. 

Gaynor, Sioux City, Iowa. 

Niagara Falls, Ont., Canada. 
JoHN Madison, Wis. 

Tuomas Beaver Falls, Pa. 

Ray Wess New York City. 

Jost Justo Havana, Cuba. 
Reep Boston, Mass. 

WASHINGTON Boston, Mass. 

Henry Jackson, Miss. 
Francis Marion Terry, Ft. Worth, Tex. 

New York City. 


TRANSFERS FROM MEMBER. 


Lorenzo Dana Culebra, Canal Zone, Panama. 
Hamilton, Ont., Canada. 
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Hayt, Helena, Mont. 

Ports, New York City. 

Ezra Colgate, Md. 


TRANSFER FROM MEMBER. 


Harry Minneapolis, Minn. 
Harry Lewis New York City. 

Epwarp Crow, Wanganui, New Zealand. 
Henry Haypock Kittanning, Pa. 

Warren Guayama, Porto Rico. 
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THE BOARD DIRECTION 
(Abstract) 


May 1910.—President Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Belknap, Kimball, Loomis, 
Loweth, Pegram, Roberts, Stuart, Swensson, and Thompson. 

report the Board for presentation the Annual Convention, 
the matter the proposed appointment Special Committee 
the Preservation Wood, was adopted. 

Ballots for membership were canvassed resulting the election 
Members, Associate Members, Associate, and Juniors, and 
the transfer Juniors the grade Associate Member. 

Fourteen Associate Members were transferred the grade 
Member. 

Applications were considered and other routine business transacted. 


Adjourned. 


June 21st, 1910.—The Board met, required the Constitution, 
the Annual Convention Chicago, 12.15 m., June 
1910, President Bensel the chair; Chas. Warren Hunt, Secretary; 
and present, also, Messrs. Bates, Fanning, Loweth, Pegram, Schneider, 
Swensson, Talbot, and 


There being business brought its attention, the Board 
adjourned. 


June 1910.—A Special Meeting the Board canvass bal- 
lots for membership and consider applications for membership was 
held 8.40 June 30th, 1910, Vice-President Pegram the 
chair; Chas. Warren Hunt, Secretary; and present, also, Messrs. Bel- 
knap, Brackett, Kimball, Knap, Loomis, Schneider, Stuart, Talbot, 
and Thompson. 

Ballots for membership were canvassed resulting the election 
Members, Associate Members, Associate, and Juniors, and 
the transfer Juniors the grade Associate Member. 

Ten Associate Members were transferred the grade Member, 
and Associate the grade Associate Member. 

Applications were considered. 


Adjourned. 
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ANNUAL CONVENTION, AND THE BUSINESS MEETING, 
HELD THE GOLD ROOM THE CONGRESS 
HOTEL, CHICAGO, ILL. 


FIRST SESSION 


Tuesday, June 21st, 1910.—The meeting was called order 
John Bensel, President, the chair; Charles Warren 
Hunt, Secretary; and present, also, about 150 members and many 
guests. 

Tue and Gentlemen, take pleasure intro- 
ducing you Doctor Evans, Health Commissioner the 
City Chicago. 


Dr. Evans.—Mr. President, Ladies and Gentlemen, 


here the request the Mayor. Your Committee Arrangements 


waited upon Mayor Busse, and asked him come over this meet- 
ing this morning assure you that you were welcome the City 
Chicago. was not possible for him present. 
custom his (from which does not depart) not attend func- 
tions this character, and, consequence, that not here 
weleome you personally to-day, you are not being slighted. 
his custom rather delegate this function officials, members 
his cabinet, and have been delegated express Chicago’s 
you. 

There some fitness this delegated authority, fitness quite 
aside from the person who speak. The fitness rests the fact 
that charge the Health Department this city, and that, 
reason this fact, understand something the importance 
your deliberations, something what means society, govern- 
ment, and humanity, have you come this city and discuss 
the great questions that are the subject your deliberations. 

few years ago, all probability, this duty would have been 
delegated the Commissioner Public Works, and not say that 
there would not fitness such delegation the present time, 
but the trend affairs toward public and universal recognition 
the fact that your work coming closely touch with the work 
the Health Department. 

Until came into this work, experience with organizations had 
been largely limited meetings physicians. came have 
insularity from those meetings. came believe that there was 
work that was quite important society the work the medical 
men—work done private and work done the course the meet- 
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ings their deliberative organizations. Soon after had come 
touch with this work was variously delegated attend meetings, and 
got larger view and saw that, various parts society, there 
were men striving earnestly and conscientiously things advan- 
tageous for themselves and for the betterment their kind. Since 
that time have come understand that there was not this sepa- 
rateness that had first believed between the work these various 
groups men, and that the work general did not differ largely 
from the work the medical men and the health officers. 

this country, until few years ago, there was quite universal 
drifting toward taking advantage the blessings that God had be- 
stowed, making use the unparalleled opportunities that this nation 
offered, holding each day sufficient unto itself, and looking not 
the morrow. That which are now coming understand that 
all down the line there must planning, and, consequence, the old 
wooden railroad bridge has been superseded structure that 
built for to-morrow. 

Governments, also, are recognizing the fact that after Saturday 
will come Sunday, and that each day but one procession 
days, and municipal authorities are not only putting down 
pavements, but they are putting down good pavements; they are not 
studying lay pavements build sewers for to-day, but they 
are studying how they can best build sewers that will commodious 
and effective for the generations that come after, for the days that will 
follow to-day and even for the days that will follow to-morrow. 
are coming understand that medical men are not fulfilling their 
full duty when they cure the patient who already sick; that there 
are great economics involved; and fact that the annual cost 
illness this nation each year billion and half dollars 
and that one-third this can saved, namely, five hundred million 
dollars, that worth while that men should plan make this 
saving. 

are coming understand that uneconomic and unwise 
have children grow with bent bodies and crooked limbs, pale 
and wan, and weak, and that nation cannot permanently pros- 
per that does not develop this greatest national asset, namely, the 
health, and strength, and vigor, and force those who make its 
citizenship. 

this great work you and people are one, that engineers 
are striving develop that which best building, the end that 
buildings may permanent rather than transient. You are striving 
plan; and this great planning government, methods 
municipalities, methods individuals, you will, 
building, you are the leaders. 

You have thought these great problems planning for the 


| 
| 
q = 
q 
7 
7 
4 
q 
i 
| 
; 
| 
| 


(con- 
tinued). 


ddress future, years before they became subjects common thought the 
com 


276 REPORT FULL THE BUSINESS MEETING [Society 


part the people large, and that which the newspapers are bla- 
zoning forth something new, new principles and new methods 
government and society life, are things that you discovered decades 
ago, and the things which people are now just beginning think 
and plan concerning, are the things that you have been thinking 
and planning until the story with you not new but old. Believ- 
ing these things, gentlemen, recognizing these things, you can under- 
stand how feel toward this meeting that held here the 
City Chicago. 

You are mingle with profit, and trust that out 
your visit there will come enjoyment every function that your local 
committee has provided for you. trust that through your scientific 
and deliberative sessions, there will come profit, profit for all parts 
this land, and that men everywhere, and that governments everywhere, 
and enterprises everywhere this country will better worked out 
for the deliberations conducted you. say that are glad have 
you discharge this duty this community, and the reason this: 
the discharge them, the good that you are spread around all 
over this country, the beneficence that will flow all parts this 
land from your work, there will some part for Chicago. 
view our proximity, verily believe that will get from more 
than will give you, and more than will flow from any other 
part this country. 

believe that from your meetings here will learn something 
the various engineering features that concern our people 
the different parts the government and the different things that 
concern their daily life. 

Therefore, the name the Department Health this city— 
more than that—in the name the Mayor and the city government 
this city—and furthermore than that—in the name the people 
the City Chicago, bid you here. (Applause.) 

Am. Soc. E.—Mr. Chairman, move that 
the American Society Civil Engineers, convention assembled, 
send greetings the Mayor the City Chicago, and express its 
profound appreciation the very cordial welcome extended the 
Mayor’s official representative. move the adoption the motion 
rising vote. 


(The motion, being duly seconded, was unanimously 
standing vote.) 
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ANNUAL ADDRESS 


summer convention would like that which many people regard 
satisfactory sermon—something soothing and convincing, the 
effect that you are not other men are, but better. While appre- 
ciate very fully, however, the honor being able address you, 
going look trouble the face effort convince you that, 
spite great individual achievements, engineers are behind other pro- 
fessional men professional spirit, and particularly collective effort. 

Whether this, true, due our extreme youth profession, 
our extreme age, dependent upon the point view; but think 
fact that will admitted all that engineers have not 
yet done much for their profession, even they have done consider- 
able for the world large. 

Looking backward, our calling may properly considered the 
oldest the world. older, fact, than history itself, for man 
did not begin separate from the main part animal creation, until 
began direct the sources power Nature for the benefit, 
not always for the improvement, his particular kind. Bible 
history, find early mention the first builder pontoon. This 
creditable performance especially noted, and the name the party 
principally concerned prominently mentioned. The same thing cannot 
said the unsuccessful attempt the building the first sky- 
for here the architect, with unusual modesty, has not given 
history his name, this omission being possibly due the fact that the 
building was unsuccessful. engineer was employed this par- 
ticular undertaking, the architect had, even that early stage his 
profession, learned the lesson keeping all except his own end the 
work the background. 

The distinctive naming our profession does not seem, however, 
back any farther than the period 1761, when that Father 
the Profession, John Smeaton, first made use the term, “engineer,” 
and later, “civil engineer,” applying both others and himself, 
descriptive certain class men working along professional 
lines now existing and described that term. 

Remarkable progress has certainly been made actual achieve- 
ments since that time, and know nothing more impressive than 
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material world the achievements engineers, particularly the 
last hundred years. This was forcibly impressed upon short time 
ago, while the company the late Charles Haswell, then the oldest 
member this who, seing one the recently built men-of- 
war coming the harbor, remarked that had designed the first 
steamship for the United States Navy. The evolution this intricate 
mass mechanism, which, from the very beginning its departure 
from the sailing type vessel, has taken place entirely within the 
working period one man’s life, graphic showing engineer- 
ing activity think can found. 

Our activities are forcibly shown many other lines invention 
and the utilization the Nature, particularly the 
development this country. We, although young years, have 
become the greatest railroad builders history, and have put into 
use mechanical machines liké the harvester, the sewing machine, the 
telephone, the wireless telegraph, and almost numberless applications 
electricity. Ships have been built late years greatly departing 
from those immediately preceding them, that the present time 
they might compared floating cities with nearly all city’s con- 
veniences and comforts. have done away with the former isolation 
the largest city the country, and have made part the main 
land the building tunnels and bridges. all our work might 
said that are hastening, with feverish energy, from one problem 
another, for the so-called purpose saving time, for the enjoy- 
ment some new sensation; and have also made possible the 
that which might deemed doubtful benefit the 
human race, that huge conglomerate, the modern city. 

There has been grappling with the problems 
Nature engineers, but they seem diffident and neglectful 
human nature their leaving out their equations, 
greatly their own detriment and the world’s loss. can say that 
matters outside the known are not our concern, and can look 
with pride our individual achievements, and course, this satis- 
fies, there nothing more said. But because feel that 
engineers to-day are not satisfied with their position, that wonder 
whether have either fulfilled our obligations the community, 
secured proper recognition from it; whether, fact, the engineer 
become the that should be, until brings something into his 


AS 


7 
t 
j 
q 
q 
7 


i 
4 


FULL THE BUSINESS MEETING 279 
equations besides frozen figures, however diverting occupation this 
may be. 

One may wonder whether this state affairs caused from fear 
injecting uncertain elements into our calculations, whether 
our education training which makes conservative the point 
operating our own disadvantage. may read the requirements 
our membership and learn from them that our accomplishments 
are not measured skilled artisans, but the fact remains that, 
great extent, society large does rate us, and would seem 
that must ourselves responsible for this state affairs. Our 
colleges and technical schools are partly blame for the existence 
this idea, account the different degrees which they give. 
have degree civil engineer, regarded its narrowest sense, 
mining engineer, mechanical engineer, electrical engineer, and 
necessity would seem should shortly add some particular 
title designate the engineer who flies. reality there should but 
two classes engineers, and the distinction should drawn only 
between civil engineers and military engineers. matter fact, 
fate and inclination determine the specialty that man takes after 
his preliminary training, far the degrees are concerned, the 
only one that has any right carry weight, because measure 
accomplishment, that which granted this Society its 
corporate members. The schools, their general mix-up titles, 
certainly befog the public mind. the medical schools, for 
instance, should issue degrees graduation for brain doctors, stomach 
doctors, eye and ear doctors, Very wisely, seems me, the 
medical profession and the legal profession, with histories far older 
than ours, and with wide variations practice have, leave 
the variations name the individual taste the practitioner, 
manner which would well copy. The Society itself has 
adopted very broad lines admission membership, classing civil 
engineers all who are properly such; and there good reason for the 
serious consideration the term this time, cannot fail 
recognize tendency State and other governments legislate 
the right practice engineering. was owing the introduction 
bill limiting and prescribing the right practice the State 
New York, that committee was recently appointed look into this 
matter and report the Society. This report will before you for 
action this meeting. 
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the manner which engineers individually perform their 
work, criticism would properly lie, and fact fortunate that 
our work speaks for itself, for, body, say nothing. are 
longer, however, found working for the greater part the time 
the outskirts civilization, and becomes necessary, therefore, 
for change with changing conditions, and use our Society 
not only for the benefit the profession whole, but for the 
benefit the members individually. Whether one our first steps 
this direction should along legislative lines for you 
determine. For having been confronted with legislation 
recently attempted New York, convinced that shall have 
legislation affecting our members, and this legislation should properly 
moulded some responsible body like our own Society. 
not take the matter ourselves likely taken other 
associations, and from past experience, would seem though 
might carried along lines that would tend ridicule our desire 
for professional standing. 

The Society congratulated its present satisfactory 
status. The reports show very satisfactory financial condition, and 
you may note continuing increase that extremely 
gratifying. This, after having nearly doubled the last seven years, 
still shows sign diminishing its rate increase. may 
said, also, that have the Society excellent publishing house, 
where the members have opportunity secure technical papers pub- 
lished the highest style the art. have general the officers, 
number men, who, within the prescribed limits, labor for the bene- 
fit the members, but also have constitutional limitations the ac- 
tivity our governing body, that the voice the Society never 
heard, or, least, might compared that still, small voice call 
“eonscience,” which not audible outside the body that possesses it. 

Now, these days, when the statement that two and two make four 
accepted from its latest originator newly discovered truth, 
little extension our mathematics, take into our estimate people 
well things, what principally need, and would good 
thing, regarded either from the point view what the world needs 
the more selfish view our own particular gains. the present 
time would seem though our world had thrown away the old gods 
without taking hold any new ones. Private ownership formerly 
existed longer recognized; individual action almost any large 
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field to-day hampered and curtailed manner undreamed 
twenty years ago. fact, our whole scheme government seems 
passing from the representative form which was founded, 
some new form yet undetermined. Whether all this is, our 
opinion, for good for evil, particular concern. The matter 
that concerns is, that have left our old moorings, and that, 
secure new ones, new limits are set the activities men along 
lines which concern us, and that, therefore, necessary that those 
who education and training are best fitted consider facts and 
not desires, should guide society much possible along its new lines. 
consider that profession are particularly trained this 
our consideration facts they exist, and think will recognized 
all that are not our work activities bound any precedent, 
even learn all that can from the past; and that are 
nature and training cool and calculating disposition, which surely 
thing that needed this time many suggested experiments. 

effective, however, must cohesive, and thus able 
take our part not the led, but leaders, convincing the people, 
possible, that all the ills our social system cannot cured reme- 
dies which neglect the forces creation, and that the best doctors for 
our troubles are not necessarily those whose sympathies are most 
audibly expressed. 

the recent discoveries science our ideas the forces 
Nature must greatly enlarged and our theories amplified. Recent 
discovery radium and radio-active substances shows least that 
much our old knowledge needs re-writing along the lines our 
greater knowledge to-day. 

With this increase knowledge would seem though those 
who devote their lives the exploitation natural forces should take 
position the future even more prominent than the past, and 
will undoubtedly become our function help the world that ideal 


state described our greatest living poet action, when speaks 
the time come, follows: 


“And one shall work for money, 
And one shall work for fame; 
But each for the joy working, 
And each his separate star; 
Shall draw the thing sees it, 
For the God the things they are.” 
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BUSINESS MEETING 


Business meeting now open for business. The 


first item the report the Board Direction the matter 


Order. proposed Special Committee report upon the preservation wood. 
The Secretary will read the report the Board. 
have been asked make the following 
announcement: That there will meeting the Nominating Com- 
The Secretary read the following report: 


Proposed 


Preserva- the matter the proposal appoint Special Committee 
tion. 


“to investigate and report the preservation wood,” the Board 
Direction, having given the subject careful consideration, the 
opinion that not advisable that Special Committee the 
Society appointed for that purpose. accordance with the require- 
ments the Constitution, arguments for and against the appointment 
such committee are submitted herewith. 


ARGUMENTS 


The subject most important and interesting engineers engaged 
building large structures where the use heavy timbering 
large item, since this material becoming more scarce and expensive 
every year. Any preservative processes that add the life timber 
should eagerly sought for and adopted found practicable within 
limits cost. would great benefit the Society receive 
progress reports from time time material therefor could 
obtained. appears that the records and the Society 
they now stand are based data available previous the year 1885, 
and that the Society offers nothing its members based the 
available experience the twenty-five years which have elapsed since 
then. probable that the experience the past quarter century 
would modify considerably the report 1885 with regard the 
processes then used, even did not indicate new ones. the con- 
clusions and recommendations the Society hold high authority, 
should not put itself record any subject unless prepared 
follow and report the progress such subject. fair presumption 
being that this subject has progressed, obligation investigate 
further and report has obtained the ground that such investigation 
will beneficial even though its conclusions indicate progress. 


ARGUMENTS AGAINST. 


There are not sufficient data hand the subject warrant 
new deductions conclusions. The appointment such committee 
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would only further the exploitation new processes those com- 
mercially interested, which processes are not well enough established 
demonstrate their efficiency. The Railway Engineering and Mainte- 
nance Way Association has committee now working and reporting 
this subject, the personnel which much better situated 
deal with the subject comprehensively than engineers not connected 
with railroads. Twelve the large railroad systems now have one 
more wood preservation plants, and two other railroad systems are 
now building such plants. efficient committee would necessarily 
include number engineers connected with these railroads who are 
already the committee the Railway Engineering and Maintenance 
Way The probable outcome the appointment 
another committee would that the reports the committee appointed 
this Society would only largely reflect repeat the conclusions 
the committee already existing.. Any committee appointed this 
Society must necessarily await the reports investigations the 
Maintenance Way Committee, for the reason that the original 
investigations which the members this committee are giving the 
subject are important that they could not neglected. order 
formulate conclusions value express opinions upon methods, 
obviously necessary that there should sufficient data the 
subject under consideration deal with the matter intelligently and 
more less conclusively; this would involve original investigations, 
the committee this Society would not able undertake such 
investigations except very small scale. 
order the Board Direction. 


Warren 


Secretary. 
May 1910. 


make the following motion: The question the appointment 


Special Committee report upon the preservation wood, having 


ment 
ommittee 


been brought the attention the Board Direction the instance Wood 


the Colorado Association the Society, desire say, behalf 
our Association, that the project one which believe sufficient 
importance justify careful investigation with view having 
literature collated and definite specifications recommendations pre- 
sented for the consideration the members the Society. Those 
who are actively interested timber treatment feel that the 
question live one and worthy serious consideration. 

therefore, move that the question the appointment 
Special Committee referred letter-ballot the Society, what- 
ever method procedure correct. 

(The motion was duly seconded.) 


Preserva- 
tion. 
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Am. Soc. E.—Mr. Chairman, the argument 
against the appointment this committee—that there are not 
cient data—seems argument for, rather than against, the 
appointment the committee. any engineers present have had 
oceasion draw specifications look into the subject wood 
preservation, they will unquestionably agree with that the litera- 
ture this subject extremely scarce. The Congressional Library 
Washington contains about three publications, one handbook and 
two trade publications. believe right stating that the 
Library the American Society Civil Engineers contains the same 
handbook referred to, written Mr. Roe, the publications the 
Wood Preservers’ Association, and possibly the reports the com- 
mittee the American Railway Engineering and Maintenance 
Way Association, and also the report the Society’s committee 
1885. This committee was appointed, understand, 1880, and 
reported five years later. Octave Chanute, Past-President, Am. Soe. 
E., was chairman that committee. That report stands to-day 
probably the best piece literature have the subject. 
twenty-five years old. The art wood preservation has advanced 
greatly the last twenty-five years; that art closely linked with the 
question forest preservation, and one extreme importance, not 
only engineers, but would seem that part the 
work this Society would bring the literature this art 
from the report the last committee date. Since the report 
that committee, probably five six new processes have been introduced. 
Now, strikes that will not the work this proposed com- 
mittee make recommendations, but rather bring before the mem- 
bers the Society the exact status the art to-day. The American 
Railway Engineering and Maintenance Way Association ordered its 
committee take the matter up, and doing great deal work, 
but the province that association’s committee not bring the 
work done the past, but rather state what work shall done 
the future. the detail work. the work recommending 
methods detail. 

would seem that can only look into the future 
know what has been done the past, and that the work the Society 
should bring this art from the report 1885 date. 

Am. Soc. E.—Mr. Chairman, may ask what 
the this resolution which before the house? 
sure that understand clearly. 

resolution, proposed and seconded, that 
the matter the appointment Special Committee referred 
letter-ballot the Society. 


Mr. would like ask, then, what that resolution does 
with the report the Board. 


not 
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Tue should say that does not very much 
except wipe out. 

Mr. think had better take care the report 
the Board first. 

not think the Board will feel very badly 
any action the Society may take first. 

Am. Soc. E.—Mr. President, the functions 
engineering committees the American Society Civil Engineers 
are not very clearly defined our Constitution. The duties such 
committees are necessarily somewhat limited the collation, considera- 
tion, and classification facts that may have been gathered the 
profession, that they may scattered through the profession, and 
that way bring about what may considered the conclusion 
the profession with regard certain practices, specifications, and 
forth. Unfortunately, our committees have never been posi- 
tion make original investigations, and, without such investigations, 
intelligent and valuable reports some the engineering questions 
seem almost impossible. With some the processes with which 
some engineers deal, long time required reach any conclusion. 
Chemical experiments are but little value. Short, quick experi- 
ments, such can made with cement, are little value. our 
experience with wood preservation proves anything, proves that 
results are worth while. proves that, however strongly process 
may recommended, whatever may its favor, nothing short 
test years—and requires many and many years—is necessary 
give conclusive evidence the value that particular process. 

Now, the matter timber preservation, those who are familiar 
with the subject will recall that, perhaps few years ago, the 
literature and practices and beliefs the profession were fairly well 
erystallized. was pretty generally understood that perhaps only two 
methods had survived the necessary tests utility. Discussion was 
largely confined the details the application these processes, 
how the treatment made, the quantity cresote oil 
chloride zine that should used, and forth; and upon these 
points the conclusion committee this Society might 
value, collating, might, all the information available. recent 
years, however, there has been quite change the whole status 
the preservative treatment timber. number new processes 
have been brought the notice the public, some them exceed- 
ingly promising, and supported, far can now judge, sound 
evidence; but, remarked before, nothing but actual experience can 
test their value. committee this Society would the present 
time position deal with these new processes. far relates 
the older processes, about which might classify and establish 
standards, true committee might handle that well, but 
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know practically all that known that particular branch 
to-day, perhaps; that is, the manipulation the old and standard 
methods treatment. 

Now, represented the profession to-day that the idea, which 
prevailed for long time, that the preservative treatment timber 
some antiseptic was necessary, wrong; that for certain purposes 
the presence antiseptic the material for treating timber not 
necessary; other words, the deduction would that certain 
extent the preservative treatment matter preserving the pores 
the wood from air and moisture. Now, probably that may true. 
this Society would prepared deal with that important sub- 
ject until have very much more information, and until have 
the results long experience original research. 

Therefore seems that this Society should not undertake 
formulate, through the committee other means, judgment 
opinions processes which are yet matters experiment, and, unless 
this proposed committee takes this branch it, there would not 
very much for do. Therefore think the resolution offered 
should not passed. 

Mr. President, effort get some clear idea 
that the purpose collate all such information available 
date, that all information and literature the various processes 
preservation wood may gathered, the result experiments that 
have been made, and forth. 

Now, seems that the appointment such committee 
would involve nothing very formidable, and that the Society would 
providing methodieal and authoritative way for the sum total 
all the information that character that available collated 
and classified; and that such committeee might have its functions 
prolonged, and keep the Society informed from time time the 
progress that being made along that line. That rather im- 
perfect idea what being proposed done, but that it, 
inclined favor the appointment that committee. 

Tue there any further remarks? 

information, would like ask the appoint- 
ment that committee does away with the old committee? 

Tue old committee died many years ago, sir. 

what are they reporting for? 

Tue report report the Board Direction. 
meeting the Society, under the Constitution, this question 
the appointment Special Committee the preservation wood 
was brought the instance the Colorado Association Mem- 
bers the Society, and, the vote twenty-five members, the matter 
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was referred the Board Direction for report. The Board 


Direction had report the next general meeting. The following 
the Constitutional provision: 


committees report upon engineering subjects shall 
authorized, except further provided this paragraph, ma- 
jority the votes cast the Society, and the following manner: 
proposition appoint such Committee shall presented 
regular meeting the Society, and sustained, motion refer 
the same the Board Direction, affirmative vote not less 
than twenty-five Corporate Members, shall referred. 

“The Board Direction shall then consider the same and report 
its recommendations the Society the next general business meet- 
ing, together with statement the arguments for and against the 
appointment such Committee. 


“If motion for the issue letter-ballot thereon receive the 
affirmative vote two-thirds the Corporate Members present, the 
Board Direction shall, within thirty days thereafter, issue the letter- 


ballot, statement the arguments for and against 
the proposition.” 


Tue think that, with this explanation, gentle- 
men, which has just been made the Secretary, the subject will 
well understood and that the Board Direction, having made its 
report, and recommended that committee appointed, away 
with that recommendation wil] necessary for two-thirds the 
corporate members here present vote “aye” Mr. Crocker’s resolu- 
tion. therefore ask all stand who vote “aye.” 

(The Secretary announced that had risen.) 

Tue those voting “nay” will please rise. 

(The announced that had risen.) 

Tue motion lost. 

negative vote, after speaking favor the resolution, that did 
not, until just before voted, understand that this resolution was 
opposition the recommendation the Board Direction. 


next business order the Time and 


for holding the next Annual Convention. 
his report. 

Tue simply collation the replies received, 
suggesting places and times for holding the next Annual Convention. 


The Secretary will read 


Report the Secretary Suggestions Received the Time and 
Place for Holding the Annual Convention, 1911 


have the honor report that response circular issued 
the Board Direction asking for suggestions the time and 
place for holding the Annual Convention 1911, suggestions have been 
received follows: 


tion 
1911. 
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“As the place: 

“Total number suggestions received, 401; divided follows: 
Panama Canal Zone Atlantic City, J......... 
San Francisco, Cal Washington, 
New Orleans, La............ 
Portland, Ore Ottawa, Canada 

“The following places received suggestions each: 

Cleveland, Ohio. Steamer Great Lakes. 
Kansas City, Mo. Preference. 
Toronto, Canada. 

“The following places received suggestions each: 

Minneapolis, Minn. Salt Lake City, Utah. 
Montreal, Canada. St. Paul, Minn. 
Canada. 

“The following places received each: 

Birmingham, Ala. Philadelphia, Pa. 
Cincinnati, Ohio. Richmond, Va. 

Chicago, Hot Springs, Va. 
Island. Spokane, Wash. 
Old Point Comfort, Va. 

“The following places received suggestion each: 
Asbury Park, Honolulu, Hawaii. 
Berkeley, Cal. Norfolk, Va. 
Samose otel, Rockland, Me. 
Thousand Island Park. 
Charlotte, 

St. Augustine, Fla. 
Columbus, Ohio. Canada. 
Detroit, Mich. “Dixie.” 


Galveston, Tex. Canadian Summer Resort. 
Any Place outside the great 
Cities. 


Martha’s Vineyard. 


Memphis, Tenn. San Juan, Porto Rico 
Nashville, Tenn. Winnipeg, Man 
New London, Conn. Some Coast City. 
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“As the time for holding the Convention, 340 suggestions have 
been received, follows: 


January February........ August September........ 
February March......... April October............ 

“Good old Summer time”.... Usual time 

“All which respectfully submitted. 
Hunt, 
“Secretary.” 


“New York, 1910.” 


Mr. Chairman, move that the time and place 


the next Convention referred the Board Direction, with 
power act. 


(The motion was seconded.) 

Mr. President, move amend adding that 
resolution the that, the sense the Society, some 
summer resort, other things being equal, considered preferable 
Convention one the large cities. 

correspondence here, both letter and wire, advocating the holding 
the convention various places, Little Rock, Ark., Jacksonville, 
Fla., Saratoga, Y., and on. 

Assoc. Am. Soc. E.—Mr. President, there 
letter there from the Governor Arkansas, inviting meet 
that State. would like have that read. The people that State 
are very anxious have this Society visit Arkansas. 

(The Secretary then read the following 


17TH, 1910. 


“Chicago, 

most heartily join the invitation for you hold 

your 1911 National Convention the City Little Rock, Arkansas. 


Discussion 
Con- 
vention 
1911. 
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understand that the people the South have never had the honor 
having your Convention held their midst, and would love 
entertain you and have you partake our hospitality. Not only the 
people Little Rock, but the people the entire State would feel 
honored have you meet here, and should you decide so, can 
assure you most cordial the hands everyone. 


trust that you may decide hold your 1911 Convention Little 
Rock. 


“Very respectfully, 
“Governor.” 


hold the convention Little 
Rock have also been received from the Mayor, the Board Trade, the 
Country Club, and from Messrs. Ford, Kieser, and MacCrea. 

Invitations visit Jacksonville, Fla., have been received from the 
following members the Society residing Florida, provided the 
Convention could held the spring fall: Messrs. Sackett, 
Maxson, Rommel, Jr., Bruce, Caldwell, Thompson, 
Fineren, and Snyder. The Mayor and the Board Trade have 
also sent invitations, and Mr. Flagler, the Florida East Coast 
Railway, has offered free transportation over his road from Jacksonville 
Key West and return. 

Invitations hold the Convention Seattle, Wash., have been 
received from members the Society resident that city, from the 
Seattle Board Trade, and from the Pacific Northwest Society 
Engineers. Invitations have also been received from Saratoga 
Springs, 

the invitation from Jacksonville with few words, urge upon the 
Society the selection Jacksonville. think that April has been 
suggested the time, but the climate very good during any part 
the early spring. The accommodations would also entirely 
cient. Jacksonville second other city the South, far 
hotel accommodations are concerned. The engineering work going 
Florida the present time also extensive—the St. John’s River 
and the Everglades drainage—and think that, inasmuch that part 
the South has never had meeting the American Society 
Civil Engineers, would very proper for there. 

much favor leaving this question the decision the Board 
Direction. the same time, seems that the Board 
Direction would naturally ask this meeting, which very large one, 
express its views that they can decide the question intelligently 
the interests the Society. Now, the question mind not 
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much who wants somewhere, and how accommodating the 
people will who want this place that locality, 
what the best the interests all and profit the American 
Society Civil Engineers, and, with that thought view, 
personally very much favor this Society going the Isthmus 
Panama. Now, that suggestion will not please the correspondent who 
wrote the Secretary that wanted hold the meeting the 
old summer time.” The work the Isthmus Panama the 
most important piece work—with apologies the President for 
that work New York over which presides—but 
Isthmus Panama they are now engaged piece engineering 
which not only profitable for this Society visit, but even the 
members the American Institute Mining Engineers, having less 


interest, have already decided take the trip. They are going about 


November next, 300 strong, because pleasant trip, but 
because they desire opportunity understanding this tremendous 
work, there having been criticism some the papers 
read before the Institute. seems eminently fitting that this 
Society, representative civil engineering body, should down 
there now, right the midst that great civil engineering work. 

you ready for the question? The vote will 
taken first the amendment proposed Mr. Whinery. The 
amendment that, while the matter referred the Board 
Direction, the sense this meeting that the Convention held 
some summer resort, other things being equal, preferably holding 

(On being put viva voce vote, the amendment was lost.) 

will now take vote the original motion. 

Mr. you please repeat the original 

original motion that the matter selecting 
the time and place for the next Annual Convention the American 
Society Civil Engineers referred the Board Direction with 
power act. 

(The motion was carried unanimously.) 

Tue next matter the programme the report 
the Committee Rail Sections. 

President, the following report 
received, addressed the Society: 


REPORT SPECIAL COMMITTEE RAIL SECTIONS 
GENTLEMEN: 
Your Special Committee Steel Rails, since their appointment 
1902, have held numerous meetings, not only their own body, but 
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also conference with Committees representing other Societies and 


Rail 


Sections 


(con- 
tinued). 


the steel rail makers. The results their deliberations have been 
presented the Society their reports presented on— 
January 1903 
18th, 1905 
17th, 1906 
16th, 1907 
July 9th, 1907 
December 6th, 1907 
18th, 1908 
November 30th, 1909 


previously reported you, the Rail Committee the American 
Railway Engineering and Maintenance Way Association also 
acting for the American Railway Association; and the latter organiza- 
tion has guaranteed the necessary funds make exhaustive tests 
and observations the wear, breakage, etc., steel rails. 
This work being prosecuted, and will necessity require several 
years. 

Your Committee feels that has nothing add the several 
reports which has presented the Society, particularly as, far, 
the several cardinal principles outlined them are being practically 
followed the several used and proposed specifications and rail 
sections. 

view the foregoing, your Committee would respectfully ask 
discharged that the field may clear any future time the 
Society should desire again place the subject the hands 
Committee. 

Hunt, 
Joun Isaacs, 
Grorce 
Turner, 

Approved connection with the attached report: 

1910. 

PHILADELPHIA, JUNE 1910. 


“Approved connection with the attached report,” feel that the 
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report too condensed, and assumes that all are familiar with the Rail 
situation, especially what has been done the other Societies. 

The work undertaken this Committee has been delegated 
The American Railway Association the Rail Committee The 
American Railway Engineering and Maintenance Way Association, 
and therefore seems appropriate give the results their work, 
date, our members convenient form for reference, especially 
our rail specifications have not been worked to, and they have offered 
better specification that will worked to, and doubt largely 


used the members this Society. The specification attached 
this report. 


presenting this specification the Annual Meeting Chicago 
March last, the Committee 


new specification should not proposed this time without 
consideration. far know, railroad company has 
purchased rails under the specifications approved the American 
Railway Association and referred us; nor know any rail- 
way company that has succeeded buying rails during the past two 
years according specification entirely satisfactory the railroad 
company. believe that all the specifications under which rails 
have been rolled have been compromises the part both parties, 
with the general result that neither party entirely satisfied. Our 
experience during the year has brought our attention some defects 
all the specifications now before us, and acting under the impres- 
sion that there distinct feeling that should revise our specifica- 
tions, offer the attached specifications for your consideration. Our 
Association has specification for Open-Hearth Steel Rails, and 
order comply with the instructions, specification for Open-Hearth 
Steel Rails included. 

“We believe necessary submit sliding scale for the per- 
centages carbon and phosphorus, which provides for increasing the 
carbon the phosphorus decreases. The fixing this scale properly 
matter requiring care, and admit that our knowledge the 
subject limited. The American Railway Association specification 
attention this matter the following words: ‘When lower 
phosphorus can secured, proper proportionate increase carbon 
should The amount increase not provided for the 
specifications, and this appears necessary order secure 
uniformity practice; otherwise, the fixing these percentages be- 
comes matter special arrangement. Bessemer rails are being fur- 
nished regularly with phosphorus under the maximum allowed, and 
where this done, the carbon should raised above the higher limit 
now fixed our specifications, soft and poor wearing rail will 
result; yet this condition has not been fully guarded against rails 
furnished under existing specifications. The lower and upper limits for 
have heretofore been fixed with the intention that the mills 
furnish rails with composition near between the two limits 
possible. The mills, however, order meet the prescribed drop 
tests with the least difficulty, keep both the carbon and manganese 

Bulletin No. 118, December, 1909. 
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nearly possible the lower limits, with the corresponding result 
that generally poor-wearing rail furnished. 

“Some roads have prescribed the limits deflection allowed 
under the drop test. With our present knowledge, believe that 
should fix minimum deflection eliminate brittle rails and secure 
greater uniformity product; also maximum deflection eliminate 
soft rails. are not able the present time fix these limits, 
but our ultimate object will determine and fix such limits for 
the specifications. 

“With reference the amount discard, time holding 
ladle, size nozzles, and other such details manufacture ma- 
chinery, are the opinion that the physical and chemical tests 
required should prescribed, and that should see that the material 
submitted for acceptance meets the prescribed tests. should not 
dictate the manufacturers the amount crop which shall re- 
moved from the top the ingot, this should vary with the care 
and time consumed the various mills. The railroads should not 
asked take anything but sound material their rails. The mills 
ean furnish such sound material the proper care 
time are taken the making the ingots. Information derived 
from the tests being made the Watertown Arsenal shows definitely 
that sound rails made from unsound ingots, and that, there- 
fore, the prime requisite securing sound rail first secure 
the sound ingot. 

“We recommend that the present Specifications for Steel Rails 
withdrawn from the Manual Recommended Practice the Associa- 
tion, longer representing the current state the art. 

“We submit herewith, Appendix ‘A,’ form for specifications. 
will have amended from time time receive further 
information the subject.” 


The specifications referred above were modified and presented 
the Meeting Supplement Bulletin No. 121, March, 1910, 
and this final form are attached hereto. 

These specifications not represent the work any one Society 
the work any one Committee, but are the result all the work 
the different Societies, the members all are interwoven that 
whatever work done any one Society, the Committee 
Society, has very naturally and fortunately been carried into the 
others. 

the Chicago Meeting these specifications were accepted without 
single change, and this very unusual and shows how generally 
acceptable they were, the members all Rail Committees were 
present the Meeting. The main points this specification were 
discussed and agreed upon the members the Committee and 
the Rail Committee the manufacturers who have co-operated with 
them this work. 

the matter Rail Sections, the Rail Committee The 
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American Railway Engineering and Maintenance Way Association 
has not arrived any definite conclusions. The new sections “A” 
and “B” The American Railway Association have not given good 
results was expected them, and the whole matter yet under 
consideration. The Committee reported 


“The instructions the American Railway Association require 
study the sections ‘A’ and ‘B’ use and submit 
single type for standard. Owing the conditions existing 1908, 
very little rail was laid, and practically none the sections, 
such manner give the needed information. This year, several 
roads have laid sections rail, with view determining 
the relative merits the respective sections. rails have been 
the track short time that are not justified drawing any 

“Bulletin No. 116, issued October, 1909, gives the for 
rail failures for six months from October 31, 1908, April 30, 1909, 
reported the Committee. These statistics show that the dif- 
ference section can entirely annihilated difference chemical 
composition and the treatment furnace and mill. 

“The results far obtained from the heavy base sections 
are disappointing, have received some rail from the mills the 
new section which was bad did with the old 
section, showing that the quality the rail does not depend entirely 
upon the section. 

“The tests inaugurated the Committee, combined with the 
results the tests Watertown and the performance the rail 
the track, will give valuable data aid coming final con- 
clusion.” 


study the results already obtained, both Bessemer 
and open-hearth steel rails, indicates that the next necessary step will 
the use much heavier rail, and think the sooner this 
admitted and trial lots say 1000 tons each 110-lb., 120-lb. and 
rails rolled, Bessemer and open-hearth steel, and put 
service under the most severe conditions, the sooner will get rid 
the present difficulties with our rails. 


“SPECIFICATIONS FOR STEEL 


The entire process manufacture shall accordance with Process 
anutac- 
ture, 


the best current state the art. 

“(a) Ingots shall kept vertical position until ready 
rolled, until the metal the interior has had time solidify. 

“(b) Bled ingots shall not used. 


*Bulletin No. 118, December, 1909: 


Bulletin No. the American Railway Engineering 
and Maintenance Way Association (March, 1910). 
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The chemical composition the steel from which the rails are 
rolled shall within the following limits: 


BESSEMER. 


0.80 1.10 0.80 1.10 0.70 1.00 0.70 1.00 
0.07 0.20 0.07 0.20 0.07 0.20 0.07 0.20 
Phosphorus not exceed.. 0.10 0.10 0.04 0.04 
Sulphur not exceed...... 0.075 0.06 0.06 


“3. When the average phosphorus content the ingot metal used 
the Bessemer Process any mill below 0.08 and the Open- 
Hearth Process below 0.03, the carbon shall increased the rate 
0.035 for each 0.01 that the phosphorus content the ingot metal 
averages below 0.08 for Bessemer steel, 0.03 for Open-Hearth 
steel. 

“The percentage carbon entire order rails shall average 
high the mean percentage between the upper and lower limits. 

“4. The end the bloom formed from the top the ingot shall 
sheared until the entire face shows sound metal. 

“All metal from the top the ingot, whether made from the bloom 
the rail, the top discard. 

“5. The number passes and speed train shall regulated 
that, leaving the rolls the final pass, the temperature the rails 
will not exceed that which requires shrinkage allowance the hot 
saws, for 33-ft. rail 100 section, in. for thick base sections 
and in. for sections, and in. less for each ten pounds 
decrease section, these allowances decreased the rate 
1-100 in. for each second time elapsed between the rail leaving the 
finishing rolls and being sawed. 

“The bars shall not held for the purpose reducing their tem- 
perature, nor shall any artificial means cooling them used be- 
tween the leading and finishing passes, nor after they leave the finish- 
ing pass. 

The section rail shall conform accurately possible 
the templet furnished the Railroad Company. variation 
height 1-64 in. less 1-32 in. greater than the specified height, and 
1-16 in. width flange, will permitted; but variations shall 
allowed the dimensions affecting the fit splice bars. 

The weight the rail shall maintained nearly possible, 
after complying with the preceding paragraph, that specified the 
contract. 

variation one-half one per cent. from the weight 
section, applied entire order, will allowed. 

“Rails will accepted and paid for according actual weight. 

The standard length rail shall ft. 
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“Ten per cent. the entire order will accepted shorter lengths 
varying ft. from ft. ft. 

variation in. from the specified lengths will allowed. 

“All No. rails less than ft. shall painted green both ends. 

Care shall taken hot-straightening rails, and shall result 
their being left such condition that they will not vary through- 
out their entire length more than four (4) in. from straight line 
any direction for thick base sections, and in. for sections 
when delivered the cold-straightening presses. Those which vary 
beyond that amount, have short kinks, shall classed second 
quality rails and marked. 

“The distance between supports rails the straightening press 
shall not less than forty-two (42) in.; supports have flat surfaces 
and out wind. Rails shall straight line and surface and 
smooth head when finished, final straightening being done while 
cold. 

“They shall sawed square ends, variations not more 
than 1-32 in., and prior shipment shall have the burr caused the 
saw cutting removed and the ends made clean. 

“10. Circular holes for joint bolts shall drilled accordance 
with specifications the purchaser. They shall every respect con- 
form accurately drawing and dimensions furnished and shall free 
from burrs. 

“11. The name the manufacturer, the weight the rail, and the 
month and year manufacture shall rolled raised letters and 
figures the side the web. The number the heat and letter 
indicating the portion the ingot from which the rail was made shall 
plainly stamped the web each rail, where will not cov- 
ered the splice bars. Rails lettered consecutively 
the rail from the top the ingot being top discard 
twenty more per cent. the letter will omitted. Open-Hearth 
rails branded stamped All marking rails shall 
done effectively that the marks may read long the rails 
are service. 

(a) Drop tests shall made pieces rail rolled from the 
top the ingot, not less than four (4) ft. and not more than six 
(6) ft. long, from each heat steel. These test pieces shall cut 
from the rail bar next either end the top rail, selected the 
Inspector. 

“The temperature the test pieces shall between forty (40) 
and one hundred (100) degrees Fahrenheit. 

“The test pieces shall placed head upward solid supports, five 
(5) in. top radius, three (3) ft. between centers, and subjected im- 
pact tests, the tup falling free from the following heights: 


“The test pieces which not break under the first drop shall 
nicked and tested destruction. 


“(b) (It proposed prescribe, under this paragraph, the re- 
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quirements regard deflection, fixing maximum and minimum lim- 
its, soon proper deflection limits have been decided upon.) 

“13. (A) Two pieces shall tested from each heat steel. 
either these test pieces breaks, third piece shall tested. two 
the test pieces break without showing physical defect, all rails 
the heat will rejected absolutely. two the test pieces not 
break, all rails the heat will accepted No. No. classifi- 
cation, (according the deflection less more, respectively, than 
the prescribed limit.*) 

“(B) If, however, any test piece broken under test shows physical 
defect, the top rail from each ingot that heat shall rejected. 

“(C) Additional tests shall then made test pieces selected 
the Inspector from the top end any second rails the same heat. 
two out three these second test pieces break, the remainder 
the rails the heat will also rejected. two out three these 
second test pieces not break, the remainder the rails the heat 
will accepted, provided they conform the other requirements 
these specifications, No. No. classification, (according the 
deflection less more, respectively, than the prescribed limit.*) 

“(D) any test piece, test does not break, but when nicked 
and tested destruction shows interior defect, the top rails from each 
ingot that heat shall rejected. 

The drop-testing machine shall the standard the Ameri- 
can Railway Engineering and Maintenance Way Association, and 
have tup 2,000 weight, the striking face which shall have 
radius five (5) in. 


“The anvil block shall adequately supported and shall weigh 
20,000 

“The supports shall part firmly secured the anvil. 
“15. No. rails shall free from injurious defects and flaws all 
kinds. 

Rails which, reason surface imperfections, are not ac- 
cepted No. rails, will classed No. rails, but rails contain- 
ing physical defects which impair their strength, shall rejected. 

“No. rails the extent five (5) per cent. the whole order 
will received. All rails accepted No. rails shall have the ends 
painted white, and shall have two prick punch marks the side 
the web near the heat number near the end the rail, placed not 
covered the splice bars. 

“Rails improperly drilled, straightened, from which the burrs 
have not been properly removed, shall rejected, but may accepted 
after being properly finished. 

“Different classes rails shall kept separate shipment. 

“All rails shall loaded the presence the inspector. 

“17. (a) Inspectors representing the purchaser shall have free entry 
the works the Manufacturer all times while the contract 
being executed, and shall have all reasonable facilities afforded them 
the Manufacturer satisfy them that the rails have been made 
accordance with the terms the specifications. 


when the limits are specified. 
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“(b) For Bessemer Steel the Manufacturer shall, before the rails 
are shipped, furnish the Inspector daily with carbon determinations 
for each heat, and two complete chemical analyses every twenty-four 
hours representing the average the other elements specified section 
hereof contained the steel, for each day and night turn respectively. 
These analyses shall made drillings taken from the ladle test 
ingot not less than in. beneath the surface. 

“For Open-Hearth Steel, the makers shall furnish the Inspectors 
with complete chemical analysis the elements specified section 
hereof for each melt. 

request the Inspector, the Manufacturer shall furnish 
drillings from the test ingot for check analysis. 

“(d) All tests and inspections shall made the place man- 
ufacture, prior shipment, and shall conducted not un- 
necessarily interfere with the operation the mill.” 


Tue have heard the report the Rail Com- 
The Chair would therefore pleased entertain resolution the 
effect that the Committee discharged not discharged. 

Mr. OcKERSON. 
the discharge the again. 

(The Secretary read the last portion the report the Committee 
Rail Sections again.) 

Mr. Chairman, think that the Committee most 
competent judge the propriety its discharge. move that 
the Committee discharged requested. 

(The motion being duly seconded was carried unanimously.) 

Tue next business the report committee 
appointed formulate the general lines which should followed 
legislation affecting the practice civil engineers. 

(The Secretary read the report the Committee, 


REPORT 
COMMITTEE THE LICENSING CIVIL ENGINEERS 


meeting the Society, April 6th, 1910, the following resolution 
adopted the Board Direction was presented: 


“Resolved, That the sense the Board that the duty 
the American Society Civil Engineers use its influence the 
proper formulation all legislation the General Government, 
any the States the Union, which affects the practice 
Engineers; and the Board recommends the appointment the Society 
Committee whose duty shall formulate the general lines 
which such legislation should based, and that said Committee 
requested report the next Annual Convention.” 


The undersigned, appointed Committee for the purposes set forth 
the above resolution, beg leave report instructed. 


Report 
Committee 
the 
Licensing 
Civil 
Engineers. 
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Your Committee issued circular the membership the Society 
asking for information concerning laws which are now force, 
been proposed, the various States the Union and other 


Engineers countries. 


While this circular did not ask for expression opinion from 
the membership the advisability the enactment laws relating 
the practice Engineering, the Members who replied 
expressed themselves decidedly favor such laws properly 
drawn, and only expressed opposition. 

far the Committee has been able ascertain, there are 
statutes some kind force, relating the practice Engineering, 
Canada, Mexico, and the States Wyoming, Louisiana, and 
Florida. are also statutes governing the practice Land 
Surveyors the States Idaho and South Dakota. 


Canada.—The Committee has been informed that the licensing 
Engineers the hands each Province. the Province 
Quebec the law requires that practitioner Engineering shall 
Corporate Member the Canadian Society Civil Engineers. 

Mexico.—Engineers may practice anywhere the with- 
out license, except the City Mexico, where diploma from the 
National Engineering School required. 

Wyoming.—The law this State covers the practice Irriga- 
tion Engineering. There Board Examiners, consisting the 
State Engineer and two engineers “of thorough training and experience, 
appointed the Governor,” and serving without compensation. Fees 
collected defray the expenses the Board. Certificates are issued 
five classes Engineers, follows: 

(1) Land Surveyor. 

(2) Topographic Engineer. (Examination plain 
graphical surveying.) 

Hydraulic and Hydrographic Engineer. (Examination sur- 
veying and 

(4) Construction and Designing Engineer. (Examination sur- 
veying, design irrigation works and structures, and 
computation earth work.) 

(5) Administrating Irrigation Engineer. (Examination sur- 
veying, hydraulics, construction work, irrigation law and 
practice. 


This law said unqualified success, that has placed 
Work higher plane, protecting, certain extent, 
those who are capable good work, and great measure protecting 
the 

Louisiana.—The law this State was enacted 1908, and 
practice Civil Engineering without license. Engineers practicing 
that time, were allowed continue practice registering, before 
certain date, the Court House their respective Parishes. After 
that date, all those not registered were required demonstrate their 
fitness before State Board Examiners. 
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The following statement briefed from the reply correspondent 
the Committee: majority did register, but many did not. Some 
passed the examination, some failed pass, and some looked the 
examination and did not try it. this way some incompetent persons 
were gotten rid this law “simple is.” Doubtless there are 
some who practice without license, but one has been reported 
the Grand Jury for doing. One the Examining Board has 
stated that would rather not antagonize these people until the public 
began see the good effects the law. While the law intended 
cover Engineers working for corporations, well those private 
practice, corporation lawyers contend that does not apply, but this 
question has never been decided. The examinations cover both the 
practical and theoretical knowledge the applicant, but are not made 
difficult. The following brief statement the requirements 
the law: 

(1) diploma from Engineering College School good 
standing (said standing determined the Board), 
the passing satisfactory examination before the Board, 
upon the following: 

“For Surveying: Geometry, Trigonometry, Land Surveying, 
and Practical Use 

“For Civil Engineering: Same Surveying, and addition 
thereto, Natural Philosophy Physics.” 

(2) The practitioner must years old, good moral character, 
and possess “at least fair preliminary education.” 


Five members the Board Examiners are appointed the 
Governor, from list presented the Louisiana Engineering Society. 
Members the Board are paid $10 per day and expenses. The fees 
charged are for the issue certificate, and $10 for each 
examination. 

The law expressly states that its provisions “shall not apply the 
Engineering Department the United States, nor the Civil Engi- 
neers and Surveyors other States and Territories when actual con- 
sultation with registered Civil Engineers Surveyors this State.” 

Florida.—In this State there only one restriction, viz.: That 
anyone calling himself Civil Engineer, and practicing such, shall 
pay the State annual privilege tax $10. 

Idaho and South Dakota, stated before, the law concerns only 
Land Surveyors, who must pass examination before Board 
Examining Surveyors, file bond $500, and pay fees and $15, 
respectively. 

The above covers the information the hands the Committee 
far existing laws are concerned, but appears that the subject 
the licensing Engineers has been agitated the following five 
States, all which legislative bills have been unsuccessfully 
introduced: New York, Ohio, Pennsylvania, South Carolina, and 
Washington. 

Your Committee believes that there unmistakable tendency 
toward legislation regulating the practice Civil Engineers, and that 
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important that there should uniformity all States, least 
far the requirements for admission practice are concerned. 

believed also that the statutes enacted any State this 
subject should define the term “Civil Engineer” alike, and that the 
following properly descriptive: 


Civil Engineer, within the meaning this Act, one who 
practices any branch the Profession Engineering other than 
Military. Said Profession embraces the design and construction 
public private utilities, such Railroads, Bridges, Highways, Roads, 
Canals, Harbors, River Improvements, Light Houses, Irrigation Works, 
Water Supplies, Sanitary Systems, and the Development, Transmission, 
and Application Power, and includes all Industrial, Hydraulic, 
Municipal, Structural, Electrical, Mechanical, Mining and other works 
which require experience and the same technical knowledge Engi- 
neering Schools recognized reputation prescribe for graduation.” 


Your Committee further recommends that all such statutes should 
prescribe the following minimum requirements for practitioner 
Civil Engineering: 

1.—That shall not less than years age. 
2.—That shall good moral character. 
3.—That shall have been engaged actively Civil Engineering 
work, Assistant licensed practitioner, for least 
six years, and such shall have had responsible charge 
engineering work for least one year. 
4.—For graduate from school Engineering recognized 
reputation, the term actual engagement Assistant 
shall four years. 

The foregoing are the minimum requirements for Corporate 
Membership the American Society Civil Engineers, and, the 
opinion your Committee, there should also inserted any law 
clause the effect that the Certificate Corporate Membership 
this Society entitles its holder practice Civil Engineer without 
examination. 

All State laws should also uniform their provision for the 
necessary examination candidates for admission practice, and 
your Committee suggests that such examinations conducted 
Board five (5) Civil Engineers, appointed the Governor the 
State, and serving without compensation other than actual expenses, 
each whom shall not less than thirty (30) years age, and shall 
have been active practice for not less than ten (10) years. Said 
Board conduct examinations not less than three times each year 
different places the State; prepare all examination papers; rate 
each candidate and certify said rating the State Board 
Regents, other similar authoritative body. Said authoritative body 
shall thereupon issue successful candidates licenses practice 
Civil Engineers. The Committee recommends that the fee for the 
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issue certificate giving the right practice shall not exceed the 
sum $25. 

Your Committee recommends that all laws shall prescribe that 
shall unlawful for anyone unlicensed accept engagement Civil 
Engineer, and that unlicensed person shall allowed sue 
any court the State for compensation for services rendered, 
qualify expert witness before any State Municipal Court. 

Your Committee deems beyond its duties into detail 
matters which would any event governed conditions which 
are variable, but that the license practice one 
State should be, possible, made effective other States, that Civil 
Engineers who are licensed practice any State Territory shall 
have the right practice any other State without examination. 

laws are passed all States the Union upon the basis above 
outlined, does not appear that there can any valid objection 
from properly qualified Civil Engineers, and the opinion your 
Committee that the enactment such laws would result placing 
the Profession upon better basis, and would, some measure 
least, protect the public from irresponsible 
practitioners. 

Your Committee recommends that the Board Direction 
empowered behalf the Society take this matter with the 
proper authorities from time time may deemed expedient, and 
urge the enactment State laws governing the practice Civil 
Engineers general conformity with the suggestions this report, 
and further, that the Board appoint from the membership the 
Society Committee three (3) each State co-operate with the 
Board this matter, and act under its direction. 

Respectfully submitted, 


Burr, 

JAMES OWEN, 

Committee. 


New 
1910. 


Am. Soc. E.—Mr. Chairman, move that the 
report the Committee accepted. 

Tue there any discussion the subject, gentlemen? 

Mr. President, this very large question, 
all appreciate. There could question, presume, among the 
members the profession but that some degree regulation, least, 
the practice civil engineering desirable. The question, how- 
ever, surrounded great many very serious difficulties, which may 
solved, but which will require vast amount time and con- 
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neering, before anything can done. not know that this 
recommendation carries with any authoritative action the Society, 
further than the appointment this Committee, and that extent 
heartily commend the report and favor it. seems me, 
however, that the disposition that has been shown some branches 
the Society some members the profession deal hastily with 
this question all wrong; and, gone into all, must 
thoroughly investigated, and any proposed legislation very carefully 
considered and very carefully planned. 

For instance, one point here, which all right, the report 
given the Committee covers all branches engineering 
understand it. Now, the Committee recommends that corporate mem- 
bership the American Society Civil Engineers shall entitle the 
holders thereof licenses. What about our brothers the mechanical 
engineering and electrical engineering branches, and on? There 
are great many difficulties this question, and might say that 
had the honor serving committee few years ago, and was 
the sense that committee that the difficulties which surround any 
State legislation this kind which may satisfactory effective, 
are great that very questionable whether anything real value, 
anything that will really acceptable the profession engineering, 
can devised which will cover the point satisfactorily, because, 
the Committee report says, whatever action passed must apply 
other branches engineering well civil engineering. 

Then, there another matter: Here society asking that the 
State shall step and regulate the practice civil engineering. Now, 
place that, this Society has repeatedly refused take the 
consideration preparing and adopting code ethics which shall 
express the views our own Society with reference the very many 
matters which must dealt with law like this. Now, would 
seem eminently appropriate that this Society should first adopt 
some code ethics, some rules regulating the practices the pro- 
fession, and its own members, before asking the State interfere 
behalf its members. 

bring forward the difficulty that will come into the practice handling 
matter this kind the various States having different laws. 
Any recommendations that might make will simply indicate that 
are favor laws passed the State, and yet the laws one 
State may differ entirely from those another. Many our large 
corporations have forces engineers that from one part the 
country another, and would entail great deal trouble and 
difficulty have them licensed all States, and introduces sub- 
ject and point which think will hamper rather than help the pro- 
fession any way. 
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Another point occurs me, while are discussing the question: 
number years ago California introduced law which licensed 
surveyors, and the motive was largely done the way trade union- 
ism, rather than help the profession. was not method the 
part the people protecting engineers, but was drawn with view 
elevating the position engineering, and making the engineer’s 
services more valuable. The matter eventually became dead letter. 
fact, great deal work was done, the law was not complied with, 
and, there being sentiment among the people demanding that the 
law enforced, has become dead issue. 

this Society considered this matter for some time before the parent 
Society took up. have various times made progress reports 
this matter the Society, and pleasing find that our de- 
liberations Colorado have met with the approval of, and perhaps 
anticipated very largely the fundamental ideas which have been 
submitted by, the Committee the Board Direction this 
report. However, find that emergency exists. know 
that the Society does not introduce some bill before the coming 
Legislature, bill will introduced, and feel that may contain 
very radical ideas which will very difficult control and regulate 
there afterward. The members the local association Colorado 
feel that their duty take initial steps this matter. 
feel that should done soon possible, and nearly 
possible uniform line harmony with what the parent Society 
may throughout the United States generally. feel that exam- 
inations and licenses one State should give the right practice 
all States, far possible. believe the idea uniform 
preferable this time, seeing that the ground very largely virgin 
one; and feel that ought make the endeavor, through the 
agency this Society, for nearly uniform, not entirely uniform, 
legislation this subject. the question examinations, there 
may be, and undoubtedly will be, very large difference opinion. 
near can ascertain this time, the Society has about 
members Colorado; while there are between 300 and 400 practicing 
engineers. cannot very well rope them become members 
this Society, and come under the classification corporate 
possible, and, far possible, without creating friction and 
without creating resentment against the possibility the passage 
such enactment. 

far the question examination concerned, think very 
large number the members Colorado who have been approached 
upon this subject, the spirit which Mr. Whinery has referred 
the matter, find very difficult solve; but find that very many 
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the members are favor technical examination, and want 


point out that the Wyoming law, which has been effect for about 
year, gives the Board Examining Engineers the discretion con- 
ducting technical examination investigating the record the 
applicant, and understand that only one case the year which 
that law has been operation Wyoming has examination been 
waived; that all cases has been insisted upon, and apparently with 
good results. the Society, then, believes this the proper course, 
within the next two three months should draft bill and submit 
the Board Direction for approval, and might very good 
suggestion that, since are somewhat radical our ideas 
Colorado, the proposition might “tried the dog.” can pass 
all sorts freak legislation, but not consider this freak legisla- 
tion, and feel that, unless the members the Society send 
for passage good measure, some freak legislation this question will 
enacted our State. 

recognize the difficulty carrying into effect any such idea pro- 
mulgated this valuable report, and also recognize the many 
difficulties that lie its way, but not feel that hopeless 
task, view what our legal brethren have done, and our medical 
brethren. looks though course time could get 
some sort basis which would gradually work itself out into fairly 
uniform practice the several States. 

While feel that way, rise principally make this suggestion, 
that those who, like myself, live some distance from the hubs 
engineering activity find that while membership this Society 
real and powerful force toward giving standing the engineering 
profession, does not all that want do, though does have 
powerful effect. Therefore, feel that without waiting for general 
legislation, can emphasize the importance and permanence re- 
quirement for membership this Society, and can emphasize the 
influence the Society exerts general way. emphasizing mean 
that would wise thing some kind diploma certificate 
should accompany these corporate memberships. true, you can 
say, that the time man has joined this Society has made some 
headway and known some extent, but believe that any man 
first joining the Society would appreciate that testimonial 
matter record. occurs me, therefore, that after members have 
been admitted would very proper charge fee for membership, 
that that time definite extract the record upon which was 
admitted could made known the public, the paper the home 
the Society, and some permanent paper where the man 
practicing. 

suggest those things. course, they are not strictly germane 
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the question before us, but have found that Georgia the weight 
the Society’s name very great, and would like see that weight 
increased the furtherance wise legislation defining before the 
law some standard civil engineering. 

favor the adoption the report because recognizes 
condition which has arisen the country, and believe true 
that this Society should have voice establishing this sort legisla- 
tion. are going have this legislation, think should have 
Society much, that will the act this Society, case 
adopts this report, advocate this resolution, place this Society 
where will enter into this work and have part the shaping 
the result. 

amendment the resolution now before the house, that the com- 
mittee instructed seek the co-operation other engineering 
societies which are covered, understand it, the legislation 
proposed this Society. 

Dabney, personally, hope that such 
amendment will not passed, because this Society cannot act for any 
other body. You have had your attention called the fact Mr. 
Whinery that not take that position any matter. The 
doors the Society are open all comers practicing civil 
engineering. 

Mr. withdraw the amendment. 

Mr. Chairman, have confidence enough the 
Board Direction leave the matter its hands. not think 
that will extremes. think the report should approved 
the Society. 

Mr. the purpose this committee three 
from each that for? Does mean that that simply 
advisory committee? 

any State would necessity have taken resident that 
State, and therefore, properly presented before any legislative 
body, would necessary take before that State resident; 
therefore the Board, acting through three members State, would 
probably work better. That, take it, the explanation that 
recommendation. 


(The motion being put viva voce vote was carried unani- 
mously.) 

The Chairman the Local Committee Arrangements announced 
the programme the different excursions and pleasure trips. 


being further business, the Business 
Meeting stands adjourned. 
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FORTY-SECOND ANNUAL CONVENTION 
EXCURSIONS AND ENTERTAINMENTS 


The arrangements for the Convention were the hands the 
following Committees: 


Committee Arrangements the Board Direction 


Francis Lee 


Local Committee 


Informal Reception 


Monday, June 20th, 1910.—8.30 informal reception, 
which was quite largely attended, was held the Gold Room the 
Congress Hotel, and provided means for the visiting members and 
guests become acquainted with the Chicago membership and with 
each other. 


Automobile Drive through Parks 


Tuesday, June 21st.—1.45 guests the Chicago mem- 
bers the Society, the members and guests were driven auto- 
mobiles through part the park system the City Chicago, the 
route covering about miles. The party, numbering about 300, 
started from the Congress Hotel 1.45 and returned about 
three hours later. 


Excursion Gary, Indiana 


Wednesday, June 22d—The party, numbering about 300, em- 
barked the foot Clark Street, 10.00 the steamship 
United States. Luncheon was served, and the landing was made 
Gary, where the new Steel Plant the United States Steel Corpora- 
tion was inspected from train cars. Many the party who were 
interested the municipal features this new city also had 
opportunity inspect the Water-Works, Sewerage, ete. The return 
Chicago was made steamer. 


Other Excursions 


Thursday, June trips were arranged for this day. 
1.—Passing through portion the South Branch the Chicago 
River into the Drainage Canal Lockport, where the large bear-trap 
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dam, which has crest 160 ft. long and vertical oscillation ft.; 
lock 130 ft., with 40-ft. lift; butterfly dam unique 
construction, 160 ft. length, and water-power development 
000 h.p., were inspected. The return the city was made train. 

2.—A party visited the $20000000 passenger terminal station 
the Chicago and Northwestern Railway, now under construction. 

3.—From the Chicago Yacht Club, 10.00 large party was 
taken boat the river the Fisk Street power-station the 
Commonwealth Edison Company, where this large and modern electric 
power-station, 100 000 kw. 133 000 h.p. capacity, was inspected. 

4.—The members the two latter parties and others, met the 
Sears-Roebuck plant, where that firm provided delightful luncheon, 
after which the buildings and equipment, and methods conducting 
the largest mail-order house the world, were inspected. The party 


Excursion Fort Sheridan, etc. 


Friday, June last day the Convention was devoted 
all-day excursion, which was attended about 160 members and 
guests. the courtesy the Chicago and Northwestern Railway, 
special train took the party from the Wells Street Station Fort 
Sheridan, Lake Bluff, and Ravinia, passing through the beautiful 
north shore suburbs Evanston, Glencoe, Winnetka, and Lake Forest. 
Fort Sheridan, through the courtesy Colonel William Pitcher, 
A., the party was entértained drills and maneuvers the 
troops, and inspected the buildings and grounds. 

Leaving Fort Sheridan, luncheon was served the train while 
was moved Lake Bluff, where the party was received Admiral 
Ross, N., under whose guidance, the United States Naval 
Training Station this point, which under construction and nearly 
completed, was inspected. 

Leaving Lake Bluff 4.30 the party arrived Ravinia 
Park and spent the remainder the day and evening this resort, 
being furnished out doors large orchestra, and dinner 
was served the entire party under the trees. The return the city 
was made 10.30 


Golf 


number members the Society interested golf, enjoyed 
half-day tournament with the Chicago Engineers’ Golf Club the 
afternoon Tuesday, June 21st, the Skokie Country Club, Glencoe, 
and the afternoon Friday, June 24th, special half-day 
tournament was played the Onwentsia Club, near Lake Forest, 
those who participated joining the party later Ravinia Park for 
dinner. 
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Attendance 


The following 315 members were attendance. There were also 
present 234 ladies and others the families members. 


Abbot, W.....New York City 
Alderson, H....Chicago, 
Allen, Andrews....Chicago, 
Alvord, John W....Chicago, 
Anderson, G...Denver, Colo. 


Angier, E...... Chicago, 
Arentz, H...... Joliet, 
Armstrong, C..Chicago, 
Louisville, Ky. 


Artingstall, G...Chicago, 
Atwood, G.Indianapolis, Ind. 


S..New York City 
Bake, S., 

Grand Rapids, Mich. 
Baker, Ira O....Champaign, 


Baldwin, S..... Chicago, 
Ball, Charles B....Chicago, 
Barber, D...... Chicago, 
Barnett, W...... Athens, Ga. 
Bates, Onward..... Chicago, 


Beckwith, Frank.St. Paul, Minn. 
Marceline, Mo. 
Bensel, A....New York City 
Benzenberg, 

Milwaukee, Wis. 


Berry, Claude..... Thomson, IIl. 
Billin, E........Chicago, 
Blaylock, C......Chicago, 
Borland, Bruce..... 


Boucher, William J.Chicago, 
Boyd, C......Pittsburg, Pa. 
Breckinridge, L.Chicago, 
Breithaupt, 

Berlin, Ont., Canada 
Bremner, H.....Chicago, 
Brenneke, Louis, Mo. 
Brumley, J......Chicago, 
Brunner, John..... Chicago, 


Buehler, Walter. .St. Louis, Mo. 
Burdick, B...... Chicago, 
Burley, B...Brookline, Mass. 
Burns, S..Kansas City, Mo. 
Burt, J......Denver, Colo. 


Cahill, E........Chicago, 
Cahill, J.......Chicago, 
Campbell, Paso, Tex. 
Cappelen, 

Minneapolis, Minn. 
Carter, C....... Chicago, 
Cartlidge, H....Chicago, 
Chadbourn, H., Jr., 


St. Paul, Minn. 


Chandler, F., 


University, Dak. 


Chappell, E., 

Benton Harbor, Mich. 
Clayton, W......Chicago, 
Cole, John A......Chicago, IIl. 


Collar, F...... Gwinn, Mich. 
Condron, L..... Chicago, 


Connor, H., 


Leavenworth, Kans. 
Conrad, Kans. 
Conzelman, E..St. Louis, Mo. 
Cother, IIl. 
Cowles, L...... Chicago, 
Cowper, W......Chicago, 
Crocker, S....Denver, Colo. 


Cunningham, 


St. Louis, Mo. 
Curtis, W......Chicago, 


Dabney, Miss. 
Dart, R........Chicago, 
DeBerard, W..Chicago, 
Dencer, W......Chicago, 
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Denise, M...... Chicago, 
Young, Isaac, 


Sault Ste. Marie, Mich. 


Eddy, Harrison Mass. 
Espenshade, 
Ewing, B...... Chicago, 


Fanning, T., 
Minneapolis, Minn. 


Fay, Frederic H..Boston, 


Fenkell, H....Detroit, Mich. 


Fisher, B...... St. Louis, Mo. 


Fitch, A...Kansas City, Mo. 
Fitzpatrick, R., 
Grand Rapids, Mich. 


Francis, C....Davenport, 


Fuller, H....Seattle, Wash. 
Fuller, W....New York City 


Gardiner, W..New York City 


Gaut, E.......Chicago, 
Gerber, Emil..... Pittsburg, Pa. 
Giddings, F....Atchison, Kans. 
Godfrey, Edward. .Pittsburg, Pa. 
Graves, F...... Chicago, 


Graves, J., 
Sault Ste. Marie, Mich. 


Greiner, E....Baltimore, Md. 
Grimm, E......Chicago, 


Hadsall, 
Hale, A....Lawrence, Mass. 
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Hammond, 
South Bend, Ind. 
Hanna, V..Kansas City, Mo. 
Hastings, A., 
Martins Ferry, Ohio 
Hatt, K.....Lafayette, Ind. 
Hayford, F....Evanston, 
Hendricks, Louis, Mo. 
Henes, Harry W...Chicago, 
C.New York City 
Hittell, B......Chicago, 
Hoag, W., Jr..New York City 
Holdrege, Nebr. 
Hotchkiss, 
Hughes, M..... Chicago, 
Humphrey, L..Pittsburg, Pa. 
Hunicke, A...St. Louis, Mo. 
Hunt, Charles Warren, 


New York City 
Hunter, L.......Chicago, 
Hyde, L...... Columbia, Mo. 


Jackson, B....Chicago, 
Jacob, St. Louis, 
Jacobson, L...Paris, France 
Johnson, N...Springfield, 
Johnson, Maro.....Chicago, 
Jonah, G......St. Louis, Mo. 
Judd, Frank R....Chicago, 


Keller, Charles. Rock Island, 


Chicago, 
Ketchum, Colo. 
Chicago, 


Koon, City, Mo. 


Lake, N........Chicago, 
Lambert, City, Iowa 
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Lawlor, H., 

Burlington, Iowa 
Lawrence, H....Chicago, 


Layfield, N..... Chicago, 
Lea, H......Pierre, Dak. 


Lee, L..Mount Vernon, 
Leonard, M....Chicago, 
Lichtner, O., 

Newton Highlands, Mass. 
Loweth, F......Chicago, 
Lowrie, C....New York City 
Ludlow, W......Chicago, 
Lydon, A......Chicago, 


McConnell, 
McCullough, Ernest.Chicago, 
B., 
Vermilion, Dak. 
McDonnell, E., 
Kansas City, Mo. 
McGrew, B...Pittsburg, Pa. 
McKay, A.North Chicago, 
R....St. Louis, Mo. 
Maitland, A., Jr., 
Kansas City, Mo. 


Maleolm, W..... Urbana, 
Maxwell, H..... Chicago, 


Mensch, J......Chicago, 
Merriman, M..New York City 


Leonard.Boston, Mass. 


Meyers, M...Merriam, Kans. 


Middleton, J..Evanston, 
Modjeski, 
Monroe, R....Rock Island, 
Montfort, R..... Louisville, Ky. 
Moore, E....... Chicago, IIl. 
Moorshead, C.....Alton, 
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Morse, S..... Louisville, Ky. 
Morse, West Newton, Mass. 
Neeld, M..... Pittsburg, Pa. 
St. Louis, Mo. 


Nethercut, 
Newman, M..Jackson, Mich. 
Newton, W......Chicago, 
Newton, D..Knoxville, Tenn. 
Nichol, Pa. 
Noble, York City 


Ockerson, A..St. Louis, Mo. 


Packard, G..New York City 
Packard, Jr., 

New York City 
Paige, Jason.......Chicago, 
Pearl, James W....Chicago, 
Pegram, H....New York City 
Pence, D..... Madison, Wis. 
Pendleton, E....Ennis, Tex. 
Perkins, Edward 
Philbrook, E....Chicago, 


Porter, F...... Chicago, 


F....New York City 


Randolph, 
Randolph, I..... Chicago, 
Raster, Walter..... Chicago, 
Raymond, City, Iowa 
Reichardt, F., 

Little Rock, Ark. 
Reichmann, F...Chicago, 
Toledo, Ohio 
Riggs, J....... Toledo, Ohio 
Rights, Lewis D.New York City 
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Ripley, C..Cincinnati, Ohio 


Roberts, S....Louisville, Ky. 
Robinson, F..... Chicago, 


Robinson, 
Rockwell, S.....Cleveland, Ohio 
Rosencrans, H..Chicago, 
Rundlett, Paul, Minn. 
Russell, B..... St. Louis, Mo. 


Sabin, C., 

Sault Ste. Marie, Mich. 
Sampson, B..Antonito, Colo. 
Sando, J...Milwaukee, Wis. 
Sauerman, B....Chicago, 
Saunders, York City 
Schobinger, 
Schwitzer, E., 

Winnipeg, Man., Canada 
Addison M., 

Charleston-Kanawha, Va. 
Seaman, B..New York City 
Seyfert, E....Pittsburg, Pa. 
Shankland, C...Chicago, 
Shankland, M...Chicago, 
Chicago, 
Sheldon, S...Norwood, Ohio 
Shelmire, W.Cleveland, Ohio 
Shenehon, C., 


Minneapolis, Minn. 


Sherrerd, M..... Easton, Pa. 
Sinks, Frank F....Chicago, 
Smith, Waldo.New York City 
Chicago, 
Spielman, G..... Chicago, 


Stern, F.......Chicago, 
Stevens, E..St. Paul, Minn. 
Stewart, B.....Madison, Wis. 
Stewart, T...St. Paul, Minn. 
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Stout, H.......Chicago, 
Strahan, M......Athens, Ga. 
Strehlow, E.....Chicago, 
Strobel, L......Chicago, 
Stuart, Francis Lee, 

New York City 
Swensson, Pa. 


Taylor, J..Wilmington, Del. 
Tebbetts, E...... Chicago, 


Tighe, James Mass. 
Trumbull, K....Chicago, 


Tunstall, P..... Chicago, 
Turner, IIl. 
Turrill, M...... Chicago. 


von Unwerth, H., 
Kansas City, Mo. 


Waddell, 

Kansas City, Mo. 
Wadsworth, E.New York City 
Wall, Edward Louis, Mo. 


Wallace, U..... Chicago, 
Walther, 
Warder, H...... Chicago, 


Wenzell, J....Detroit, Mich. 
Wescott, V...... Chicago, Il. 
Whinery, S..East Orange, 
Whipple, C..New York City 
Whittemore, J., 

Milwaukee, Wis. 
Wilkerson, J..Pittsburg, Pa. 
Williams, S.Ann Arbor, Mich. 
Williamson, Pa. 
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Williamson, R..Chicago, 
Chicago, 
Chicago, 
Wilson, H..Philadelphia, Pa. 
Chicago, 
Woermann, Louis, Mo. 


Willis, Paul 


Wisner, 


[Society 


Wolfel, Paul L...Pittsburg, Pa. 
Woodman, W....Chicago, 
Woods, Newton, Mass. 
Worcester, R...Boston, Mass. 


Zook, A........Chicago, 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


September 7th, 1910.—8.30 M.—A paper entitled “Remedies 
for Landslides and Slips the Kanawha and Michigan Railway,” 
Black, Assoc. Am. Soc. E., will presented for dis- 
cussion. 


This paper was printed Proceedings for May, 1910. 


September 21st, 1910.—8.30 M.—The following papers The 
New York Tunnel Extension the Pennsylvania Railroad will 
presented for discussion: “The Long Island Approaches the East 
River Tunnels,” George Clarke, Am. E.; “The 
Sunnyside Yard,” Louis Barker, Esq.; and “The Lining the 
Four Permanent Shafts the East River Division,” Green, 

These papers are printed this number Proceedings. 


October 5th, 1910.—8.30 M.—At this meeting paper entitled 
“The Tieton Canal,” Hopson, Am. E., will 
presented for discussion. 


This paper printed this number Proceedings. 


October 19th, 1910.—8.30 M.—A paper Strouse, Am. 
E., entitled “The Reconstruction the Passenger Terminals 
Washington, C.,” will presented for discussion. 

This paper printed this number Proceedings. 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 
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asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, ‘only, will re- 


quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 


Proceedings, ten Numbers per annum, $8. Price 
numbers, $1. 


Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 


Proceedings, Vol. XXXIII, (January, 1907). 
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There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal The former are held M., the 
Fairmont Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Am. Soe. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


Colorado Association 
(Abstract Minutes Meetings) 


May 16th, .1910.—Instead the May meeting the Association, 
excursion was made the plant The Central Colorado Power 
Company, near Boulder, Colo., invitation that Company through 
Frederick Abbott, Am. E., General Superintendent. 

The party, consisting members and guests, made the trip 
from Denver Boulder over the Colorado and Southern Railway, 
through the courtesy Parker, Vice-President, and 
Cowan, Am. Soc. E., Chief Engineer. From Boulder the party 
was taken, tally-ho, Boulder the power-house and con- 
struction camp the Company. After inspecting these, the members 
the party were taken, construction tram the side 
the mountain, along the penstock, the equalizing reservoir. 
their return the construction camp, supper was served. The return 
trip Denver was made over the Interurban Line. 
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June meeting was called order 8.30 M.; 
Vice-President George Anderson the chair; Burt, Secre- 
tary; and present, also, members and guests. 

The minutes the April meeting and the report the excursion 
which took the place the May meeting, were read and approved. 

The Secretary-Treasurer presented informal report the busi- 
ness for the year, and the Annual Report was ordered completed and 
printed for distribution after the June meeting. 

the absence the President, the Vice-President made address 
covering the operations the Association for 1909-10. 
The following officers were elected: 

President, ANDERSON. 

Vice-President, 

Secretary-Treasurer, Burt. 


paper the “Mosida Irrigation Project” was presented 
Curtis, Assoc. Am. E., and discussed. 

Mr. Anderson, Chairman the Committee Legislation, presented 
progress report the Licensing Engineers. After discussion, the 
Committee was instructed prepare its report for presentation the 
Society the Annual Convention. 

The Secretary was instructed tender the Board Control 
the National Irrigation Congress, any assistance which the Association 
its members may able render the meeting the Congress 
Pueblo, September, 1910. 


Adjourned. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 


Architekten-Verein Berlin, Wilhelmstrasse 92, Berlin 66, 
Germany. 


dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 


Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 


Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 
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Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 
Civil Engineers’ Society St. Paul, St. Paul, Minn. 
Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 
Cleveland Institute Engineers, Middlesbrough, England. 
Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 
Engineers’ and Architects’ Club Loulsville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 
Engineers’ Club Baltimore, Baltimore, Md. 
Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 
Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 
Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 


Engineers’ Society Western Pennsylvania, Fulton Building, 
Pittsburg, Pa. 


Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 

W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 


North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 


Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 


Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 
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Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From May 10th August 1910) 


DONATIONS* 


HANDBOOK COST DATA FOR CONTRACTORS AND ENGINEERS. 


Reference Book Giving Methods Construction and Actual 
Costs Materials and Labor Numerous Engineering Works. 
Halbert Gillette, Am. Second Edition. Morocco, 


illus., 1854 pp. Chicago and New York, The Myron 
Clark Publishing Co., 1910. $5.00. 


writing the first edition this work, the author states that his object was 
place before the Contractor the most economical methods construction and 
operation, and the unit costs every detail such work. this, the second 
edition, states that many gaps such costs have been filled, and that certain 
cost data have been added, which will permit the Engineer ascertain the num- 
ber units structure given class and size, well the unit costs. 
Much space has been devoted descriptions how the work was done, the organ- 
ization the forces, and the machines used, the records being actual records 
taken from various sources. Systems cost keeping are outlined the first 
part the book and samples record cards and systems are shown. The Con- 
tents are: Introduction; Principles Engineering Economics and Cost Keeping; 
Earth Excavation; Rock Excavation; Quarrying and Crushing; Roads, Pavements, 
and Walks; Stone Masonry; Concrete and Reinforced Concrete Construction 
Water Works; Sewers; Timberwork; Buildings; Railways; Bridges and Culverts; 


and. Iron Construction; Engineering and Surveys; Miscellaneous Cost Data; 
ndex. 


WROUGHT-PIPE DRAINAGE SYSTEMS. 


Cosgrove. Cloth, in., illus., 145 pp. Pittsburg, Stand- 
ard Sanitary Mfg. Co., 1909. $2.00. 


This volume offered with the hope that will found helpful those 
engaged the installation iron pipe systems, the text, with the exception 
one chapter which devoted the taking measurements for wrought-pipe 
drainage systems, being, stated, applicable any system piping which 
put together with screw-threads, for heating and refrigerating systems, pipe lines, 
drive wells, power plants, etc. The Contents are: Materials for Wrought-Pipe 
Drainage Systems; Working Wrought Pipe; Pipe Cutting and Threading Tools; 
Wrought-Pipe Fittings; Recessed Drainage Fittings; Bending Wrought Pipe; 
Making-Up Pipe; Measurements and Sketches; Planning the Work; Installing 
Wrought-Pipe Drainage Systems; Working Polished Brass and Nickel-Plated 
Welding Wrought Pipes Thermit Process; Index. 


CONCISE TREATISE REINFORCED CONCRETE. 


Companion “The Manual Reinforced Charles 


New York, Van Nostrand Company, 1910. $2.50. (Donated the 
Author and Publishers.) 


series lectures reinforced concrete was given the author the City 
and Guilds London Technical College during 1908-09. The subject-matter 
these lectures, considerably enlarged, has been embodied this book, and the 
author hopes that, with ‘‘The Reinforced Concrete Manual,” may form treat- 
ment the subject which will complete enough for all practical purposes. The 
preface states that lengthy descriptions systems construction, and 
ments and tests, have been omitted, but that the results tests and the conclu- 
sions drawn from them have received full consideration. short description 
methods reinforcement necessary good design given the concluding 
chapter. The Chapter Headings are: Properties; Behaviour Under Loading; 


Necessary Assumptions for Purposes Calculation; Methods Calculation; 
Methods Reinforcement; Index. 


Unless otherwise specified, books this list have been donated the publishers. 
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CATECHISM CENTRAL STATION GAS ENGINEERING THE UNITED STATES. 


Compiled From the Questions and Answers Sent Out the Prac- 
tical Class, Trustees Gas Educational Fund, the Secretary. Cloth, 


illus., 683 pp. New York, Trustees Gas Educational 
Fund, 1909. $5.00. 


The subject-matter contained this volume has been compiled from questions 
and answers sent out members the Practical Class, which, from 1895 1899, 
was taught correspondence the Committee Education the American 
Gas Light Association and subsequent that time the Trustees Gas Educational 
Fund. These questions and answers have already appeared the Proceedings 
the American Gas Light Association and the American Gas Institute. Many 
requests have been made, however, that they published one volume and 
arranged subject, and they are here presented that form. Although primarily 
intended aid younger workers the gas business better knowledge the 
principles involved and the apparatus used the work, hoped that the book 
will some service the older workers recalling them the reasons for 
accepted methods operation. The Contents are: General Definitions; Manu- 
facturing Materials: Bituminous Coal; Anthracite Coal; Gas Oils. Manufacturing 
and Operation: Distinctively Coal Gas; Distinctively Car- 
buretted Water Gas; Common Both Coal and Carburetted Water Gas. Distribu- 


tion System and Consumers’ Appliances; Chemical; Physical; Masonry Construc- 
tion; Miscellaneous; Index. 


PRACTICAL TALKS CONTRACTING. 


Being Reprints from The Contractor Valuable Papers. Frank 


illus., 128 pp. Chicago, The Contractor Publishing Company, 
1910. $1.50. 


stated the secondary title, this volume consists reprints articles 
the successful systematization, organization, equipment and operation contract- 
ing work, which have already appeared The Contractor. The Contents are: 
Systematizing Contractor’s Office; Organization—How Effect and Maintain It; 
Between Profit and Loss; Office System for Construction Work; Liability Insurance 
for Contractors; Important Things Consider Estimating; Purchasing Records 
for Contractors; Tool and Equipment Records; Contractor’s Daily Reporting Sys- 


tem; Earthwork Records; The Operation Camps and Commissaries; How Con- 
tractors Use Photography. 


HIGH MASONRY DAM DESIGN. 


Charles Morrison and Orrin Brodie, Associate Members, 
Am. Soe. Cloth, illus., 103 pp. New York, John 


Wiley Sons; London, Chapman Hall, Limited, 1910. $1.50. (Do- 
nated Mr. Morrison.) 


the method analysis for calculating the cross-sections high masonry 
dams devised Edward Wegmann, Am. Soc. E., and published the Re- 
port the Aqueduct Commissioners New York City, for July 25th, 1887, the 
authors state that account taken the effects uplift due water per- 
meating the mass masonry, and ice thrust acting the surface the water 
the reservoir. this book, they have endeavored supply these omissions, 
and prepare textbook containing general treatment these factors 
required recent practice, together with brief statement regard late 
investigations for determining accurately the variation stress masonry dams. 
The formulas relating uplift, ice thrust, etc., have been used part connec- 
tion with the design the large dams for the new water supply for New York 
City, and the computations for the design high masonry dam are given 
facilitate the comprehension and application these formulas. 


ORNAMENTAL CONCRETE WITHOUT MOLDS. 


Houghton. Cloth, in., illus., 132 pp. New York, 
The Norman Henley Publishing Co., 1910. $2.00. 
secondary title the author states that this work practical treatise 


explanatory system moulding ornamental concrete units with templates, 
and that contains additional information the proper preparation concrete 
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for ornamental work, the proportionate size the various units, and the reinforce- 
ment work. further stated that working manual, containing every- 
thing that concrete worker needs know perfect the many styles orna- 
mertal concrete without the purchase expensive moulds. The Contents are: 
Advantages This System; Construction Templates; Preparing Concrete and 
Operating the Making the Templates for Cornice the Tuscan, Doric, 
Ionic, Composite and Roman Corinthian Orders; Molding Dentils, Triglyphs, Mo- 
dilliuns, Mutules, etc.; Explanation Moldings Used; Archivolts and Arches with 
Templates for Molding; The Doric, Ionic and Corinthian Columns, Proportions, 
Method Molding and Fluting; Bases and Capitals for Doric, Ionic and Corin- 
thian Orders, Method Molding; Pedestals, Piers and Imposts with Templates 
for Molding; Machine for Rapid Molding; Concrete Urns Lawn Vases with 
Templates; Molding and Cap; Water Tables; Facing Work; Monuments, 
Molding, Lettering, etc.; Hitching Posts, Grave Markers, etc.; Molding Concrete 
Fountain, Templates for Same; Molding Garden Seats and Benches; Balusters, 


Lavatories, Jardinieres and Flower Pots; Reinforcement Work, How Make; 
Ornamental Moldings; Index. 


CONCRETE FROM SAND MOLDS. 


Houghton. Cloth, illus., 145 pp. New York, The 
Norman Henley Publishing Co., 1910. $2.00. 


has been the author’s purpose give, this book, complete and compre- 
hensive explanation the process moulding every class concrete work 
“cast with the use moulds made from wet sand, and states that this 
process, heretofore held trade secret, will successfully mould every class 
ornamental concrete work desired. The Contents are: The Origin the Sand 
Mold Process Molding Concrete and the Value Same; The Principle the 
Process Mixing and Preparing the Sand; Preparing the Material for and Harden- 
ing Molds; Making Sand Molds from Wood and Metal Patterns; Making Molds 
from Clay, Plaster Concrete Patterns; Using Division Plates Between Sections 
Flask Make the Parting; Cores, How Make and Use with Sand Molds; 
Combining Molds Mold Large Work Monolithic; Methods Combining Molds 
Cast Large Monolithic Concrete Work; Making Rock Effects with Sand Molds; 
Ornamental Work from Sample Patterns; Simple Lathe for Turning Sand 
Molds, Patterns and Cores; Molding ‘‘Cast Stone’’ Concrete Blocks for Hollow 
Walls, etc.; Molding Concrete Block with Sand Molds; Facing Molds with White 
Sand, Crushed Granite, etc.; Index. 


TASCHENBUCH FUR EISENHUTTENLEUTE. 


Herausgegeben vom Akademischen Verein Hiitte Cloth, 
Marks. (Donated Author and Publishers.) 


The metallurgical engineer, stated, has never had the help practical 
his work, and the compilers hope that this work will fill this need. 
not text-book, said, and, therefore, all historical references have been 
omitted, the compilers’ aim having been present concise statement the 
fundamental principles and practices the science metallurgy such manner 
bring out their practical application. The book intended primarily for the 
use the metallurgical engineer, but hoped that may prove interest 
all who are working along the same lines, especially the manufacturers 
blast furnaces, etc. Each chapter has been written the material for has been 
supplied specialist the subject. order not delay the publication 
the work, several desirable subjects were omitted, among them the comprehensive 
treatment auxiliary machines. hoped enlarge succeeding editions in- 
clude statement the development metallurgical science. The Contents are: 
Hilfswissenschaften und Wissenschaftliche Grundlagen; Feuerungskunde; Ma- 
schinen-Hilfs- und Nebenbetriebe; und Stahlerzeugung und Weiter- 
verarbeitung; Anhang. 


HYDRAULIC ELEVATORS. 


Their Design, Construction, Operation, Care and Management. 
William Baxter, Jr. Cloth, in., 326 pp. New York 
and London, McGraw-Hill Book Company, 1910. $2.50. 


The subject-matter contained this book has already appeared serial 
form Power. the author gives descriptions all the standard makes 
hydraulic lifts and elevators, from the simplest the most complicated forms, 
together with detailed accounts their mechanism and the advantages and dis- 
advantages governing the selection the type best suited any particular 
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case, well the differences between the same types constructed different 
builders. The author also discusses where and how the various types eleva- 
tors get out order and gives detailed directions repairs and main- 
tenance. The Chapter headings are: Fundamental Principles Different Types; 
Counterbalancing; Plunger Hydraulic Elevators; Horizontal Cylinder Machines— 
“Pushing” and Types; Counterbalancing the Lifting Ropes Elevator 
Cars; General Arrangement Hydraulic Elevator Systems; Vertical Hydraulic 
Elevators; Low Pressure Vertical Type Elevator Lever Control; Pilot-Valve Con- 
trol-Regulating Valves; Safety Devices; Good Features Magnetic Valve Con- 
trol, etc.; Magnetic Controller for Battery Current; Double-Power Hydraulic 
Elevator System; Otis Running-Rope System; Principal Causes Disordered 
Mechanism and How Prevented Removed, etc.; Automatic Devices Used for 
Stopping Cars Top and Bottom Landings, etc.; Effect Stretching the Ropes; 
Construction Traveling-Sheave Frames, Foundations and Supports; Why the 
Piston Weighted; The Electrical Features Vertical-Cylinder Elevators; Hori- 
zontal Hydraulic Elevators; Description the Type 
Elevator; The Morse-Williams Machine; Crane Horizontal 
Machine, How the Stop-Motion Gets Out Adjustment, etc.; Crane Horizontal 
Machine, Description Automatic Stop-Valve, etc.; Construction De- 
tails the Whittier Machine; Overhead Sheaves and Bearings, etc.; Details the 
Morse and Williams Pulling Machines; High-Pressure Hydraulic Elevators; Opera- 
tion the Main and Pilot Valves the Otis Vertical Elevator; Construction and 
Operation the Accumulators and the Automatic Valves Used with Them; Auto- 
matic Stop-Valves Used with Otis High-Pressure Machines; Adjustment and Care 
Automatic Stop-Valves and Mechanism High-Pressure Elevators; Stop-Valves 
Used with Accumulators; Plunger Elevators; Operation Main and Pilot Con- 
trol Valves, Rack-and-Pinion Valves for Otis Freight Elevators, etc.; Re- 
placing Worn Shoes; The Plunger Elevator; Operation the Pilot 
and Main Valves; Construction and Operation Details the Highest Type 
Passenger Elevator Made the Standard Plunger Elevator Company; Practical 


Instructions the Care and Management the Plunger Elevator; 
Hand-Rope Control for Freight Elevators, etc.; Index. 


PREMIER CONGRES FRANCAIS FROID. 


Lyon, Octobre, 1909. Comptes Rendus, Rapports Com- 
munications Congrés. par L’Association 


Froid. Paper, in., illus., 187 pp. Paris, Siége Social 
Association, rue Denis-Poisson. francs. 


stated that the publication this book the greatest importance 
from technical, scientific and practical viewpoint. contains complete report 
the discussions refrigeration which took place before the Congress, and 
which many French scientists, engineers, and manufacturers interested the 
subject, took part. From these discussions, said that one may obtain 
complete knowledge the various applications refrigeration practiced 


France and the efforts which have been made 


cheapening the methods used. 
Liquéfiés Matériel Frigorifique 
Frigorifiques Legislation. 


toward improving and 


The Contents are: Organisation Congrés; Gaz 
Applications Générales Froid; Transports 


Gifts have also been received from the following: 


Aberthaw Constr. Co. pam. 

Aluminum Co. America. pam. 

Am. Inst. Min. Engrs. vol. 

Am. Ry. Assoc. pam. 

Am. Soc. Agri. Engrs. vol. 

Am. Soc. Heating and Ventilating 
Engrs. bound vol. 


pam. 

Architekten-Verein Berlin. vol. 

Assoc. Amicale des Anciens Eléves 
Centrale des Arts Manu- 
factures. vol. 

d’Appareils Vapeur. pam. 
Atchison, Topeka Santa Ry. Sys- 

tem. pam. 
Baltimore, Md.-Water Board. pam. 
Bloomfield, J.-Town Council. pam. 


Boston, Mass., Public Library. pam. 

Boston Soc. Civ. Engrs. pam. 

Bourne, Jonathan, Jr. pam. 

Bowers, George. pam. 

British Assoc. for the Advancement 
Science. bound vol. 

British Columbia-Minister Mines. 


pam. 
British Fire Prevention Committee. 


vol. 

Brooklyn Engrs.’ Club. bound vol. 

Cal.-Board Harbor Commrs. Port 
Eureka. pam. 

Cal.-Board State Harbor Commrs. 
bound vol. 

Cal.-State Board Forestry. pam. 

Cal.-State Board Health. pam. 

Cal.-State Min. Bureau. pam. 

Canada-Comm. Conservation. vol. 


| 
| 
| 
| 
d 
| 
4 
| 
| 
| 
| 
| 
| | 
| 
| 


Canada-Dept. Mines. pam. 

Canada-Geol. Survey. pam. 

Canadian Min. Inst. vol. 

Canadian Soc. Civ. Engrs. pam. 

Rys. pam. 

Central South African Rys. pam. 

Chemin Fer Paris Orléans. 
pam. 

Chemin Fer Nord. pam. 

Chemin Fer Métropolitain Paris. 


pam. 

Méditerranée. pam. 

Chicago Sanitary Dist. bound vol. 

Cincinnati, Ohio-Bureau Municipal 
Research. pam. 

Colorado-Agri. Exper. Station. pam. 

Colorado-R. Comm. pam. 

Colorado-State Agri. Coll. pam. 

Columbia Univ. vol. 

Congreso Cientifico, 4°. pam. 

Conn.-Saybrook and Lyme Conn. River 
Bridge Comm. pam. 

Conn.-State Forester. pam. 

Conn. Soc. Civ. Engrs. pam. 

Conservatoire National des 
Metiers. pam. 

Debar, Joseph. bound vol. 

Delaware Coll. pam. 

Depew, Chauncey pam. 

Dyckerhoff Séhne. pam. 

East Indian Ry. Co. pam. 

Editors The Polytechnic Engr. vol. 

Egyptian Delta Light Rys. pam. 

Eng. Assoc. New South Wales. 
bound vol. 

Ericson, bound vol. 

Erie, Pa.-Commrs. Water-Works. 


pam. 
Fitchburg, Mass.-City Engr. pam. 
Florida-State Board Health. pam. 
Florida-State Geol. Survey. vol., 


pam. 

Gehler, bound vol. 

Geneva, Y.-City Engr. pam. 

Georgia-R. Comm. vol. 

Preussisches Ministerium 
der Offentlichen pam. 

Gloucester, 


pam. 
Gotshall, bound vol., vol. 
Great Britain-Patent Office. pam. 
Halifax, Engr. pam. 
Hardenburg, Norma. pam. 
Hartford, Conn.-Board Water Commrs. 
pam. 
Harvard Univ. vol. 
Hering Fuller. vol. 
Hiroi, Isami. bound vol. 
Hodgdon, Frank bound vol. 
Holyoke, Mass.-City Engr. pam. 
Idaho-State Insp. Mines. pam. 
Illinois-Bureau Labor Statistics. 
bound vol. 
Illinois-State Board Equalization. 
bound vol. 
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Illinois-State Geol. Survey. bound vol. 
Illinois-State Water Survey. pam. 
Illinois, Univ. of-Agri. Exper. Station. 


pam. 

Illinois Soc. Engrs. and Surv. vol. 

India-Ry. Board. pam. 

Indian Midland Ry. Co. pam. 

Indiana-State Board Forestry. pam. 

Indiana-State Board Health. bound 
vol., pam. 

Institution Mech. Engrs. vol. 

Institution Min. and Metallurgy. 
pam. 

Iowa-Geol. Survey. bound vol. 

pam. 

Iowa Eng. Soc. pam. 

Iowa State Coll. Agri. and Mechanic 
Arts. vol., pam. 

pam. 

Board Health. bound 
vol. 

Kansas-Tax Comm. pam. 

Kansas, Univ. of. vol. 

Kentucky-Insp. Mines. bound vol. 

Kentucky-State Auditor. bound vol. 

Kentucky, State Univ. vol. 

Koninklijk Inst. van Ingenieurs. pam. 

Lawrence, Mass.-Water Board. pam. 

Lewiston, Me.-Board Water Commrs. 

am. 

Lobeck, bound vol. 

Long Island Co. pam. 

Lorimer, William. pam. 

Louisiana-Board State vol. 

Louisiana-Geol. Survey. pam. 

Louisiana-R. Comm. pam. 

Louisiana-State Board Appraisers. 


pam. 

Lowell, Mass.-Water Board. pam. 

Lynchburg, Va.-City Clerk. vol. 

Madras, India-Public Works Dept. 
bound vol., vol. 

Maine-Treasurer. bound vol. 

Commrs. pam. 

Marlborough, Mass.-Water Commrs. 
pam. 

Maryland-Bureau Statistics and In- 
formation. vol. 

Maryland-Geol. Survey. bound vol. 

Maryland-State Board Health. vol., 
pam. 

Mass.-Board Gas and Electric Light 
Commrs. 

vol. 

Mass.-Bureau Statistics. pam. 

Mass.-Charles River Basin Comm. 
bound vol. 

Mass.-Harbor and Commrs. 
bound vol. 

Mass.-Highway Comm. bound vol., 
pam. 

Mass.-Joint Board Green Harbor. 
pam. 

Mass.-Met. Water and Sewerage Board. 

bound vol. 

Mass.-Tax Commrs. pam. 

Met. Ry. Co. pam. 

Mexican Ry. Co., Ltd. pam. 

Mexican Southern Ry. Co., Lid. pam. 

Mich.-Highway Dept. pam. 

Mich.-Secy. State. vol. 
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Mich.-State Insp. Illuminating Oils. 


pam. 
Minnesota.-R. and Warehouse Comm. 
bound vol. 


Miss.-Board Health. pam. 

Miss.-R. Comm. bound vol. 

Missouri-Bureau Mines, Min., and 
Mine Inspection. pam. 

Missouri, Univ. of. vol. 

Montana-State Board Land Commrs. 
pam. 

Montana Univ. pam. 

Montreal, Que.-Harbor Commrs. pam. 

Municipal Engrs. the City New 
York. pam. 

Murphy, John. pam. 

Natal-Gen. Rys. pam. 

America. pam. 

National Board Fire Underwriters. 
pam. 

National Fire Protection Assoc. pam. 

National Lead Co. pam. 

Nebraska-Ry. Comm. bound vol., 
vol., pam. 

Nebraska-State Insp. Oils. pam. 

New Bedford, Mass.-Supt. Streets. 


pam. 

New England Water Works Assoc. 
pam. 

New Jersey-Board Equalization 
Taxes. bound vol., pam. 

bound vol. 

New Tenement House 
Supervision. bound vol. 

New Jersey-Board Re-Appraise Rail- 
roads and Canals. pam. 

New Jersey-Bureau Shell Fisheries. 
bound vol. 

New Jersey-Riparian Commrs. pam. 

New Jersey-State Comptroller. bound 
vol. 

New Jersey-State Highway Comm. 


am. 

Wales-Met. Board Water 
Supply and Sewerage. pam. 

New York City-Board Estimate, and 
Apportionment. pam. 

New York City-Dept. Docks and Fer- 
ries. pam. 

New York City-Met. Sewerage Comm. 
bound vol., pam. 

New York City-Municipal Civil Service 
Comm. bound vol. 

New York State-Advisory Board Cons. 
Engrs. bound vol. 

New York State-Dept. Highways. 
pam. 

New York State-Forest, Fish and Game 
Comm. map. 

New York State-Museum. bound vol. 

New York State-Public Service Comm., 
First District. pam. 

New York State-Public Service Comm., 
Second Dist. pam. 

New York-State Engr. and Surv. pam., 
map. 

New York and New Jersey Interstate 
Bridge Comm. pam. 

New York Chamber Commerce. 
bound vol. 

New York City Record. bound vol. 

New York Testing Laboratory. pam. 

Newport, Ky.-Water-Works Dept. pam. 

North Carolina-Board Health. pam. 


North Carolina-Geol. and Economic Sur- 
vey. pam. 

North Dakota-State Board Health. 
pam. 

Nova Scotian Inst. Science. pam. 

O’Donnell, bound vol. 

Ohio-Board Public Works. pam. 

Ohio-Chf. Insp. Mines. vol. 

Ohio-Geol. Survey. vol. 

Ohio-Highway Dept. bound vol., 
pam. 

Ohio-R. Comm. bound vol. 

Oklahoma-Corporation Comm. pam. 

Ontario, Canada-Provincial Board 
Health. pam. 

Ontario Assoc. Architects. vol. 

Oregon-Conservation Comm. pam. 

Oregon-R. Comm. pam. 

Oregon-State Board Forestry. pam. 

Organization City Officials for Stand- 
ardizing Paving Specifications. 
bound vol. 

Oesterreichischer Ingenieur- und Archi- 
tekten-Verein. bound vol. 

Pennsylvania-Dept. Internal Affairs. 
bound vol., map. 

Pennsylvania-Water Supply Comm. 
bound vol. 

Pennsylvania State Coll. vol. 

Peters, Madison bound vol. 

Pharr, Harry pam. 

Philippine Islands-Bureau Forestry. 


pam. 

Poetsch, Charles pam. 

Porto Rico-Civ. Service Comm. vol., 
pam. 

Providence, I.-Dept. Public Works. 
pam. 

Providence, I., Pub. Library. pam. 

Punjab, India-Irrig. Dept. pam. 

Purdue Univ. pam. 

Randolph, Isham. bound vol., vol., 
pam. 

Rhode Island-Commr. Dams and Res- 
ervoirs. pam. 

Island-Commrs. Shell Fisheries. 


pam. 

Rhode Island-Dept. Factory Inspection. 
bound vol. 

Rhode Island-State Board Health. 
bound vol. 

Rhodesia Rys., Ltd. pam. 

Royal Soc. Canada. bound vol., 
pam. 
San Francisco, Cal., Merchants’ Assoc.- 
Bureau Inspection. pam. 
pam. 

Smithsonian Institution. vol., pam. 

Smoot, Reed. pam. 

Soc. for the Promotion Eng. Education. 
bound vol. 

Soc. Générale des Chemins Fer 
Economiques. pam. 

Soc. Engrs. bound vol. 

Soc. Naval Architects and Marine 
Engrs. bound vol. 

Somerville, Mass.-City Council. bound 
vol., pam. 

South Carolina-Comptroller-Gen. pam. 

South Carolina-R. Comm. bound 
vol., vol., pam. 

South Carolina, Univ. of. pam. 

South Dakota, Univ. of. pam. 

South Eastern Ry. Co. pam. 
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Springfield, Mass.-Board Water S.-Office Exper. Stations. pam. 
Commrs. vol. Public Roads. pam. 

Springfield, Mass.-City Engr. pam. Service. vol. 

Springfield, Mass.-Supt. Streets and S.-War Dept. vol., pam. 


Sewers. pam. S.-Weather Bureau. pam. 
Stuart, Francis Lee. pam. Univ. Club. bound vol. 
Switzerland-Landeshydrographie. Utah-Conservation Comm. bound vol. 
Texas-R. Comm. pam. Utah-Legislature. pam. 
Texas, Univ. of. pam. Utah-State Engr. pam. 
Thompson, Slason. pam. Verein Deutscher Ingenieure. pam. 
Toronto, Univ. of. vol. Vermont-State Board Health. pam. 
Townsend, McD. pam. Vermont-State Forester. pam. 
Transvaal-Bewaarplaatesen Comm. Victorian Inst. Surv. bound vol. 
pam. Virginia-Commr. Health. pam. 
Transvaal-Land and Irrig. Dept. pam. Virginia-Geol. Survey. pam. 
Transvaal-Mines Dept. pam. Virginia-State Highway Commr. 


Transvaal-Power Companies Comm. von Geldern, Otto. pam 
pam. -State Insp. Mines. 
Tribus, Louis bound vol. 


Statistics. bound vol. Conn.-City Engr. pam. 
the Census. bound vol. West Virginia-Dept. Mines. vol. 
Engrs. bound vol., Williams, Frank bound vol. 
pam. Wilmington, Del.-Board Park Commrs. 
Service Comm. bound vol., pam. 
vol. Board Health. pam 
S.-Coast and Geodetic Survey. Wisconsin-State Superv. Illuminating 
vol., vol. Oils. pam. 
Engrs. pam. Woburn, Mass.-City Govt. bound vol. 
S.-Dept. Agriculture. pam. Woburn, Mass.-Water Dept. pam. 
Survey. pam., maps. Woonsocket, I.-Water Dept. pam. 
S.-Hydrographic Office. pam. Worcester, Mass.-City Engr. pam. 
Commerce Comm. Worcester, Mass.-Supt. Sewers. pam. 
bound vol., pam. Wyoming-State Engr. pam. 
S.-National Museum. pam. Yale Univ. pam. 


PURCHASE 


Elektrotechnik Einzeldarstellungen, Unter Mitwirkung Hervor- 
ragender Herausgegeben von Dr. Gustav Benischke. 
Heft. Das Elektrische Bogenlicht, Physikalisch-Technische 
Grundlagen der Lichterzeugung durch Elektrische 
Von Ewald Rasch. Friedrich Vieweg und Sohn, Braunschweig, 1910. 


Railway Signaling Theory and Practice. James Brandt 
Latimer. Mackenzie-Klink Publishing Company, Chicago, 1909. 


Supplement the Directory the Iron and Steel Works the 
United States; Containing Thorough Revision the Directory Pub- 
lished 1908, with Many New Descriptive Features. Compiled the 
American Iron and Steel Association. Corrected Amer- 
ican Iron and Steel Association, Philadelphia, 1910. 


Der Gehangebau. Von Franz Leiner. Wilhelm Engelmann, 
Leipzig, 1909. 


Die Bestimmung der Querschnitte von Staumauern und Wehren 
aus Dreieckigen Grundformen. Von Link. Julius Springer, Berlin, 
1910. 


Wasserbau. Vierter Band des Handbuches fiir 
Zweite Uferbefestigungen, Schleusen, und 
Leuchtbaken, Hellinge, Staudimme und Tal- 
sperren. Bearbeitet von Otto Schulze, Kauf, Brugsch. 
Wilhelm Ernst Sohn, Berlin, 1910. 
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Flussigkeitsbehalter, Rohren, Kanale. Band 
buches fiir Eisenbetonbau. Zweite Auflage. Fliissigkeitsbehalter, Rohren- 
Leitungen und Offene Aquadukte und 


Bearbeitet von Wuczkowski, Fr. Lorey. Wilhelm Ernst Sohn, 
Berlin, 1910. 


Fuel and Refractory Materials. Humboldt Sexton. New 
and Revised Edition. Van Nostrand Company, New York, 1910. 


Descriptive Meteorology. Willis Moore. Appleton and 
Company, New York, 1910. 


Montclair; The Preservation its Natural Beauty and its Im- 
provement Residence Town. Report John Nolen, Landscape 
Architect, the Municipal Art Commission, and the Commission’s 
Recommendations the Citizens Montclair. Montclair, J., 1909. 


Mitteilungen uber auf dem Gebiete des 
Ingenieurwesens, insbesondere aus den Laboratorien der Technischen 
Hochschulen. Herausgegeben vom Verein Deutscher Heft 
83-87. Julius Springer, Berlin, 1910. 


The Copper Handbook; Manual the Copper Industry the 


World. Vol. IX. Compiled and Published Horace Stevens, 
Houghton, Mich., 1909. 


Mosquito Man? The Conquest the Tropical World. Sir 
Rupert Boyce. Dutton Company, New York, 1909. 


Forscherarbeiten auf dem Gebiete des Eisenbetons; 
fiir die Berechnung Paralleler Von Dr. Ing. Wenzel 
St. Ritter von Balicki. Wilhelm Ernst Sohn, Berlin, 1910. 


Grund- und Mauerwerksbau. Dritter Band des fiir 
Eisenbetonbau. Zweite Auflage. Grundbau; Mauerwerksbau. Bearbeitet 
von von Emperger, Nowak. Wilhelm Ernst Sohn, Berlin, 1910. 


The Century Dictionary and Cyclopedia; Work Universal 
Reference all Departments Knowledge, with New Atlas the 
World. Vol. XI-XII. The Century Co., New York, 1909. 


Building Construction and Superintendence. Kidder. 
Revised and Enlarged, Thomas Nolan. Part Ninth Edition— 


Revised: Work. The William Comstock Company, New 
York, 1910. 


Elementary Treatise Physics, Experimental and Applied, for the 
Use Colleges and Schools; Translated from Ganots’ Eléments 
Physique, Atkinson. Seventeenth Edition, Edited 
Reinold. William Wood and Company, New York, 1905. 


Report the State Earthquake Investigation Commission. Vol- 
ume IT. The Mechanics the Earthquake. Harry Fielding Reid. 
Carnegie Institution Washington, Washington, 1910. 


The Architect’s and Builder’s Pocket-Book; for 
Architects, Structural Engineers, Builders, and Draughtsmen. 


Frank Kidder. Fifteenth Edition, Revised. John Wiley Sons, 
New York, 1909. 
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Asbestos; Its Properties, Occurrence, and Uses, With Some 
Account the Mines Italy and Canada. Robert Jones. 
Crosby Lockwood and Son, London, 1890. 


The Assistant Engineer. Jean Genthon. Pts. 1-8. The 
Chief Publishing Co., New York, 


The Cyanide Handbook. Clennell. McGraw-Hill Book 
Company, New York, 1910. 


Hygiene Generale des Villes des Agglomerations Communales. 
Par Macé, Ed. Imbeaux, Albert Bluzet, Paul Adam. J.-B. 
Fils, Paris, 1910. 


Moody’s Manual Railroads and Corporation Securities, 1910. 
Eleventh Annual Number. George Hosking, Manual 
Company, New York, 1910. 


Proceedings the Sixteenth Annual Convention the American 
Society Municipal Improvements, held Little Rock, Arkansas, 
November 9th, 10th, 11th, 1909. Tate Printing Company, Mil- 
waukee. 


The Depreciation Factories, Mines and Industrial Undertakings 
and Their Valuation. Ewing Matheson. Fourth Edition, Revised 
and Enlarged. Spon Chamberlain, New York, 1910. 


Metallography. Cecil Desch. Longmans, Green Co., 
New York, 1910. 


Public Recreation Facilities. American Academy Political and 
Social Science, Philadelphia, 1910. 


SUMMARY ACCESSIONS 
(From May 10th August 1910) 


Donations (including 114 duplicates) 787 
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MEMBERSHIP 


ADDITIONS 
(May 10th, 1910, August Ist, 1910) 
MEMBERS 
Epwarp. Cons. and Contr. Engr., Ran- 
dolph Bldg., Memphis, 


Cons. Engr., Cor. Chestnut and Hamil- 
ton Ave., Trenton, 


Oscoop Frost. Div. Engr., Erie R., Sus- 


Asst. Engr., The Wilkins Co.; 


Address, 204 Broadway, North Side, Pittsburg, Pa. 


Brown, WALTER 1034 West 36th Los 
Emorr Davis. Engr. for John Monks Sons, 
CARLIN, JOSEPH Secy. and Treas., Jun. 
St., New York City 


Isthmian Canal Comm., Corozal, Canal 
Zone, Panama 


Connor, WILLIAM Maj., Corps 
Engrs., A., Commanding Co. Ist Assoc. 
Battalion Engrs., Washington Bar- 
Dana. Designing Engr., Jun. 
Isthmian Canal Comm., Culebra, 
WILLIAM Cons. Engr., 925 Assoc. 
New York Life Bldg., Minneapolis, Minn. 
DENISE, CHARLES Contr. Engr., McClintic-Marshall 
Constr. Co., 1214 First National Bank Bldg., Chicago, 
DIEHL, 575 Ellicott Sq., Buffalo, Y.. 
Asst. City Engr., City Hall, 
ELLIoTT, JAMES WILLIAM. Care, Hamilton Assoc. 
Bridge Works, Hamilton, Ont., 
ALMON Homer. Prof. Civ. Eng. and Jun. 
Dean, Coll. Eng., Univ. Washing- 
ton, University Station, Seattle, Wash. 
Gustav Chf. Engr., Vice-Pres. and 
Tech. Div., Dyckerhoff Widmann; Address, 
Kurfurstenstr. Dresden, Germany............... 


Date 
Membership. 


May 31, 1910 
June 1903 
Oct. 1904 
May 31, 1910 


June 30, 1910 
May 31, 1910 
May 31, 1910 


June 30, 1910 
Oct. 1898 
Sept. 1905 
May 31, 1910 


Jan. 1905 


Jan. 1903 
May 31, 1910 


April 1904 
Feb. 1906 
June 30, 1910 
Nov. 1906 
1910 


1910 
May 31, 1910 


May 31, 1910 
April 1909 
June 30, 1910 
April 1899 
Feb. 1902 
1910 


April 
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MEMBERS (Continued). 
GRANT, WILLIAM. 2420 St., Lincoln, Nebr............ 
Asst. Engr., Public 
Service Comm., First Dist., Fifth Div., Assoc. 
New York City, Court Sq., Brooklyn, 
HAMILTON, FRANK City Engr. and Commr. 
Bldgs., City Hall, Springfield, 
HAMMOND, CHARLES LINCOLN. Engr., Conners Bros. Co. 
(Res., Forest St.), Lowell, Mass 


HASTINGS, FRANK ARNOLD. Box 312, Mar- 


tins Ferry, Ohio 
HENRY, GEORGE JACKSON, JR. Chf. Engr., The Pelton Water 


Wheel Co., 1099 Monadnock Bldg., San Francisco, 
Cal 


Harry. Junior Engr., Am- Assoc. 


herstburg, Ont., Canada 
LEMUEL. Bridge Engr., New York State Highway 
Comm.; Address, South Hawk St., Albany, Y.. 


Horton, RoBERT ELMER. North Pine Ave., Assoc. 


Jun. 
Hoyt, WARREN ALBERT. 455 Colony Bldg., Chicago, 


HUGHES, JOHN WILBUR. East 9th St., Erie, Pa....... 
State Highway Commr. Penn- 
sylvania, Jenkintown, Montgomery Co., Pa........ 
JACOBSEN, HANS Cons. Civ. Engr., Ran- 
JEME, TIEN Yow. Chf. Director and Chf. Engr., Imperial 
Peking-Kalgan Ry., and Associate Director, Ichang- 
Wanhsien Sec., Szechuen-Chuenhan Ry., Peking, 
KNIGHT, MILLER. Div. Engr., Baltimore Sewerage 
Comm., American Bldg., Baltimore, Md............ 
Supt., Cowell Portland Cement Co.’s 
Plant, Cowell, Cal., via Bay Point................. 
LEONARD, CLIFFORD MILTON. Pres. and Treas., 
Leonard Constr. Co., 
Chicago, 
LUEDER, ARCHIBALD Byron. Engr., Merrill-Ruckgaber Co., 
New York City; Address, Ridgedale Ave., Morris- 
JoHN Care, White Bros., Ovando, 
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Date 

Membership. 
Feb. 1910 
1901 
April 1910 
June 30, 1910 
Dee. 1902 
May 31, 1910 
April 1910 
Mar. 1904 
May 31, 1910 
Mar. 1910 
Dec. 1904 
May 31, 1910 
1899 
Mar. 1905 
June 30, 1910 
June 30, 1910 
June 30, 1910 
1910 
Nov. 30, 1909 
May 31, 1910 
Oct. 1907 
May 31, 1910 
May 31, 1910 
May 31, 1910 
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MEMBERS (Continued). 


2147 Sherman Ave., Evanston, 
Jessup. Chf. Engr., Turner 
Constr. Co., Broadway, New York 


City; Address, Cornell Ave., Yonkers, 


Ill. Terminal R.; Supt. Constr., 
Glass Co., Alton, 

Levi. Res. Engr., Grand Central Terminal, 

OAKES, JOHN Capt., Corps 
Room 415 Custom House 
(P. Box 716), Cincinnati, Ohio...... 

WILLIAM NIcKELS. Asst. Constr. Mgr., Stone 
Webster Eng. Corp., 147 Milk St., Boston, Mass.... 

PERRINE, REN Brown. Archt. and Engr. (Prack Perrine), 

Poss, Engr. with Reid Bros., Claus 

Spreckels Bldg., San Francisco, Cal 


Civ. and San. Engr., Church 
St., New York City 


York, Westchester Boston Ry., 220 
South Fulton Ave., Mt. Vernon, Y.. 
ROBINSON, WILLIAM Prin. Asst. Engr., Bureau 

Public Works, Manila, Philippine Islands......... 
ROLLINS, CHARLES Chf. Engr., Neches Canal, China, 
Rostock, Henry. Prin. Asst. Engr., Engr. 
Office, Whitehall St., Room 710, New York City.. 


CHARLES JR. Res. Engr., New 


Reclamation Service, Williston, Dak.. 
Constr., City Hall, Pittsburg, Pa.... 
STEPHENSON, JAMES, JR. State Engr., 301 Boise City Na- 

tional Bank Bldg., Boise, 
THEODORE ALFRED. Vice-Pres. and Gen. Ft. 
Pitt Bridge Works, 510 House Bldg., Pittsburg, Pa. 
ALFRED YNGVE. Bridge Engr., Assoc. 
Mexican Ry., City Mexico, Mexico.... 


Assoc. 
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Date 
Membership. 


May 


Mar. 
Feb. 


31, 
31, 


30, 


1910 


1903 
1906 
1910 


1905 
1910 


1910 


1907 
1910 


1910 


1910 


1910 
1901 
1905 
1910 


1907 
1910 


1910 


1910 


1910 
1906 
1910 
1907 


1910 


1908 
1910 


1910 
1906 
1910 


May 
Mar. 
May 
May 
May 
June 30, 
May 
April 
Dee. 
June 30, 
June 30, 
Mar. 
April 
Mar. 
July 10, 
May 
Oct. 
May 31, 
April 
June 30, 
May 31, 
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MEMBERS (Continued). 


Swirt, WILLIAM Div. Engr., Hudson 
River Div., New York Board Water 


VENT, FREDERICK Designer, Bridge Dept., C., 
R., 209 Adams St., Room 60, Chicago, 
VINCENT, JAMES Asst. Engr., The Scherzer Rolling 
Lift Bridge Co. Chicago, 220 Broadway, New York 
Plant and Constr., Baldwin Locomotive Works, 
adelphia, 


Epwarp Chf. Engr. for 
George Hardy, 309 Broadway, New 

WHITMAN, Ezra Div. Engr., Disposal 

Jun 
Works, Sewerage Comm., Back River 
Sewage Disposal Works, Colgate, Balti- 


Asst. Engr. for George 
Hardy, 309 Broadway, New York City............ 
Cons. Engr., 204 Essex Bldg., St. 
JoHN Deputy Div. Engr., 
Second Div., New York State Highway Assoc. 
Comm., McClellan Ave., 


ASSOCIATE MEMBERS 


AYER, FREDERIC EUGENE. Asst. Prof., Civ. Eng. Dept., Univ. 
ARTHUR CLARENCE Asst. City 
Engr., Toronto, Ont., 
BOURGUIGNON, JOSEPH. 236 State St., Flushing, Y.... 
Harry. Engr., Security 
Bridge Co. (Res., 2453 Garfield Ave.), 


Freperic. Asst. Supt., Filtration 
Div., Bureau Water, 621 North St. 


FRANK 1655 55th St., Chicago, 
Cook, Horace Pres., Phenix Eng. Co., West 
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Date 
Membership. 


Sept. 
June 


May 


June 


May 


May 


Feb. 


Feb. 
June 


May 
June 


May 
May 


May 


May 


30, 


30, 


April 


May 
June 
June 
June 
May 


June 


May 


31, 


1903 
1910 


1910 


1910 


1910 


1907 
1910 


1903 


1906 
1910 


1910 


1910 


1907 
1910 


1910 


1910 


1910 
1910 
1905 
1910 
1907 
1910 
1910 


1910 


‘ 
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ASSOCIATE MEMBERS (Continued). 
JOHN WESLEY. Asst. Div. Engr. Tunnels, 
Board Superv. Engrs. Chicago; Address, 6949 
JoHN. Chf. Draftsman, Bond Issue Dept., 


City Engr.’s Office; Address, 1841 Green St., San 
Francisco, Cal 


CROWE, TRENHOLM. With Reclamation Ser- 
CURRIER, ALBERT Office Engr., Constr. Dept., 
M.S. Ry.; Address, 7711 Lexington Ave., Cleveland, 
DEMOREST, GEORGE Myron. Engr., Canton Plant, American 
Berry. City Engr., 204 Price Ave., Co- 


Harry 2623 Ashby Ave., South Berkeley, 


Epwarps, Gray. Asst. Engr., 


York Board Water Supply, Walden, 


ENSEY, FAHNESTOCK. County Engr., Putnam 

JAMES Gen Grand Rapids 
Hydr. Co.; Address, Ottawa St., Grand Rapids, 


tion Eng. and Surv., Iowa State Coll., 


GARVER, NEAL 838 Forsythe St., Toledo, 
ALBERT WESLEY. Acting Chf. Engr., Juragua Iron 
GEHRING, AUGUST. Care, Highway Comm. San 
Diego County, Room 406 Scripps Bldg., San 
GoopMAN, Engr., Goodman-McCormick Co., 519 
Bldg., Des Moines, 
WILLARD Asst. Constr. Supt., Idaho 
Trrig. Co.’s Project, for White Co., New York 
City; Address, Richfield, Idaho................... 
GRANT, JOSEPH ALEXANDER. Gen. Mgr. and Member 
Firm, Clinton Fireproofing Co. Canada, Ltd., East- 
ern Townships Bank Bldg., Montreal, Que., Canada. 


Harry Lewis. Asst. Engr., Public 
Service Comm. for First 509 West 
146th St., New York 


Assoc. 
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Date 
Membership. 


June 


May 


Feb. 
June 


May 


May 
June 
May 


May 


Nov. 
Feb. 


30, 


April 
May 
Sept. 
May 
May 
June 30, 
May 


May 


1910 


1910 


1907 
1910 


1910 


1910 


1910 


1910 


1910 


1904 
1910 


1910 


1910 


1908 
1910 


1910 


1910 


1910 


1910 


1910 


30, 
31, 
| 
31, 1910 
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ASSOCIATE MEMBERS (Continued). 


GREEN, THEODORE. Chicago Office, Ferro-Concrete 
Constr. Co. Cincinnati, 1326 Stock Exchange Bldg., 

GROAT, BENJAMIN FELAND. Care, Long Sault Development 
Co., Massena, 


Harry. First Asst. Engr., 
Standard Oil Co., 461 Market St., San 
Assoc. 


Room Seward Bldg., Auburn, Y.. 
Harris, Asst. Engr., Reclamation Ser- 
vice, 421 Fleming Bldg., Phenix, Ariz............ 
Hastines, Morton. Res. Engr., Richmond, Fred- 
ericksburg Potomac R., Byrd St. Station, Rich- 
HAYES, CHARLES Epwarp. Supt. Jun. 
Reclamation Service, Babb, Mont. 
WALTER CLARK. Supt. Streets, City Hall, Oak- 
JONES, SHARP. Care, James Westwater Co., 
501 Wyandotte Bldg., Columbus, Ohio............ 
WILLIAM Contr. Engr., 192 Market 
Koon, Burr. Gen. Mgr., Empire Car Co., 2524 
Krone, Henry. Director and Chg., Eng. Dept. 
Henry Miller, Inc., 106 Dover St., Baltimore, Md. 
LAMB, WILLIAM ALFRED. Asst. Engr., Water 
Resources, Geological Survey, 
Law, WALTER Asst. Engr., with Congress St. Bridge 
Comm.; Address, Sterling St., Bridgeport, 
RicHARD Mack. Office Asst. Terminal Engr., 


A. 


LAYNG, FRANK RAHN SHUNK. Engr. Track, 


Bessemer Lake Erie R., Greenville, Jun. 


JOHN. Chf. Engr., New Iberia 
Northern Co., New Iberia, 


Assoc. 
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Date 
Membership. 


Mar. 


May 


April 
May 


Sept. 
June 


May 
June 
Mar. 
May 
May 
May 
June 
May 
May 
May 


May 


Nov. 
May 


May 


30, 


30, 


1910 


1910 


1907 
1910 


1904 
1910 


1910 


1910 


1906 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1907 
1910 


1910 


1910 


1902 
1910 


1910 
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ASSOCIATE MEMBERS (Continued). 


Box 722, Rye, 
McMENIMEN, WILLIAM VINCENT. 172 Fairview Jun. 
Ave., Jersey City, 
JOSEPH VANCE. Asst. Engr., Div. Bridges, 

Bureau Constr., Dept. Public Works, 718 Berk- 
MEANS, CHESTER. Supt. Irrig., Indian 
METZGER, LOUIS CHARLES FREDERICK. Asst. Engr., Terminal 


Association St. Louis, 2650 Accomac St., St. 


MILLER, WALTER Asst. Engr., Comm. 
Asst. Engr., Cananea Consolidated 
Copper Co., Box 150, Cananea, Sonora, Mexico...... 
MoorsHEAD, Chf. Engr., Central 


urban Ry. Co.; Address, 311 West Broadway, New- 


MorGAN, ARTHUR ERNEST. (Morgan Eng. Co.), 612 Good- 


Supt., Manhattan Beach Estates, Manhat- 


DANIEL BERNARD. Engr., O’Brien 


CUYLER WARFIELD. Village Engr., Jun. 


Hoolihan Constr. Co., 1722 Park 
Syracuse, 
PARKER, JAMES LAFAYETTE. Prin. Asst. 


Assoe. 
Jun. 


Herbert Keith, 116 Nassau St., Room 


901, New York City 
Perry Sarle, 146 Westminster St., 
Providence, 
JoHN North 18th St., East Orange, 


Rice, Guy Chf. Engr., Oregon Val. Land 

Co. and Lakeview Irrig. Power Co., Lakeview, Ore. 
1448 Harvard St., Washing- Jun. 

Hilldale Rd., Lansdowne, Pa.. 


Assoc. 


Date 
Membership. 


Feb. 1908 
May 31, 1910 
April 30, 1907 
May 31, 1910 
June 30, 1910 


June 30, 1910 


May 31, 1910 
May 31, 1910 


May 31, 1910 


May 31, 1910 
1910 


June 30, 1910 


April 1906 
1910 


April 1907 
1910 


1906 
Jan. 1910 


June 30, 1910 
1910 
April 1910 
1910 
Sept. 1905 
May 31, 1910 
April 1910 


May 31, 1910 


[Society 


| 
7 
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ASSOCIATE MEMBERS (Continued). 


VIcENTE. Engr., Monterey 
Water Works and Sewer System, 
Box 291, Monterey, L., Mexico...... 


SAUNDERS, HENRY JENNINGS. Res. Engr., The Arnold Co.; 
Percy. Mgr., Waukesha Block Jun. 
Material Co., Waukesha, Wis.......... Assoc. 
PHILIP. With Stephen Kieffer, First Na- 
tional Bank Bldg., Berkeley, 
ZENAS Asst. Engr., Structural Dept., 
GARTHWAITE. Contr. Engr., 857 Broad St., 
STANSBURY, Asst. Engr., Paso South- 
western R., Box 675, Mex 
Stanton, Dickens. With Isthmian 
Canal Comm., Dept. Eng., Las 


cadas, Canal Zone, Panama 
Asst. Engr. Designer, Board 
Water Supply, 165 Broadway, New York City.. 
STRICKLER, THOMAS JOHNSON. 2611 Forest Ave., Kansas 
Supt. Constr., Doe Library, 
Univ. California, Berkeley, Cal................ 
ARTHUR LINVILLE, JR. Secy. 


Treas. (Hungerford Terry), 1414 


Pennsylvania Bldg., Philadelphia 
Box 30, Station New York 


TREADWELL, WILLIAM ADAMS. Box 143, St. Jun. 


TRUE, ALBERT OTIS. Care, State Dept. Jun. 
WALTER. Care, Reclamation Service, Boise, 
Idaho 


Harry Asst. Engr., Eng. Constr. 
Dept., Pres. the Borough Richmond (Res., 
West 119th New York 
WEMLINGER, JULIUS Pres., Wemlinger Steel Pil- 
ing Co., Broadway, New York City............ 
WHITAKER, RALPH WALLACE. Prin. Asst. Engr., Vera Cruz 
Terminal Co., Ltd., Avenida Independencia No. 
Vera Cruz, Mexico 
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Date 
Membership. 

Oct. 1903 
Oct. 1906 
Jan. 1910 
May 31, 1910 
June 30, 1910 
April 1907 
June 30, 1910 
Oct. 1906 
May 1910 
June 30, 1910 
May 1910 
May 31, 1910 
1907 
June 30, 1910 
Feb. 1903 
Jan. 1910 
April 1905 
1910 
1907 
May 31, 1910 
June 30, 1910 
Nov. 1909 
April 1910 


Be 
| 
7 
7 
| 
q 
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ASSOCIATE MEMBERS (Continued). 


Macon County, Macon, Mo............. 


Work, Care, Elks Club, Denver, Colo 


ASSOCIATES 


BELZNER, THEODORE. Insp. Steel, Dept. 
Bridges, Manhattan Borough (Res., 614 West 


135th St.), New York City Assoc. 


Brown, Henry, Chg. Estimating Dept., 


Sullivan Machinery Co. Chicago, Church St., 
KENYON, WILLIAM JOHN CHARLES. Vice-Pres. and Gen. 


George Jackson, Inc.; Address, East 
Division St., Chicago, 


JUNIORS 


ACKERMAN, ARTHUR Care, Board Water Supply 
New York City, Vail Gate, 
BANTA, RUSSELL VINCENT. Designer, Reinforced Concrete, 
Hennebique Constr. Co. New York; Address, 
WILLIAM Secy., Dept. Docks and 
Ferries, Pier North River, New York City...... 
Howarp Asst. Engr. Chg. Constr. 
Sewerage System, Jefferson, Ohio................. 
FRANK LEONARD. Clinton North, 
BUCHANAN, NATHAN Asst. Res. Engr., 
Land Co., 2024 Third Ave., Birmingham, Ala...... 
HENRY. Care, Interborough Rap. 
Transit Co., Park Pl., New York City.......... 
CALKINS, CHARLES Dow. Instr., Math. and Surv., Rens- 
selaer Pol. Inst., and Draftsman for City Troy, 


FRANK Dominic. Surv., Army Engrs., 
Burrwood, 


Corey 


CRAVEN, ALLEN. Care, Florence Pumping Station, 
CROASDALE, LAURENCE 725 Washington St., 


Eng. Dept., Ohio State Board 
Health, Columbus, Ohio 


North Adams, Mass......... 
RAYMOND 909 Harrison Bldg 


g., Columbus, 


[Society 


Date 


Membership. 
1907 
May 31, 1910 
May 1910 


June 


June 


1897 
1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 


1910 
1910 


May 
April 
May 
June 30, 
Mar. 
May 
April 
May 31, 
May 31, 
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JUNIORS (Continued). 
West 56th St., New York 
HERMON 1729 South 20th St., St. Joseph, 
GLANDER, JOHN Asst. Garden City Develop- 
ment with Charles Leavitt, Jr., 220 Broadway, 
More. Care, Katalla Co., Mile 125, Cop- 
per River Northwestern Ry., Cofdova, Alaska.... 
Barracks, 
Box 587, Monrovia, Cal......... 
HAMMEL, 610 North St., Harris- 
HENES, WILLIAM. 557 Barry Ave., Chicago, 
JoHN Asst. Engr. with Mead; Ad- 
dress, 118 West Dayton St., Madison, Wis.......... 
Cons. Engr. (Mead Holloway), 
1170 Broadway, New York 
215 Jackson Blvd., Room 804, Chicago, 
HENRY. 653 West St., Seattle, 
THomas. Lilac St., Buffalo, 
LEONARD, 898 Gates Ave., Brooklyn, 
Epwarp Lewis. A., White Plains, 
Roy. 1262 Flood Bldg., San Francisco, 
MUCHEMORE, LANGDON. Expert Aid, Office Insp. 
Public Works, Navy Yard, New York City; Ad- 
dress, 119 Murray St., Elizabeth, J............ 
SHERIDAN. Care, Degnon Contr. Co., 
REESE, GEORGE WASHINGTON. Junior Engr., Care, 
Engr. Office, Vicksburg, Miss................ 
GLENN VERNON. Junior Asst. Engr., Board 
Works, 152 Twelfth Ave., San Francisco, 
Draftsman, Bridge Dept., 
Y., R., Room 314, Railroad Bldg., 
New Haven, Conn 
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May 1910 
Jan. 1910 
1910 
April 1910 
June 30, 1910 
June 30, 1910 
June 30, 1910 
1910 
May 31, 1910 
June 30, 1910 
May 31, 1910 
Jan. 1910 
Jan. 1910 
June 30, 1910 
1910 
Jan. 1910 
Jan. 1910 
May 31, 1910 
May 
May 31, 1910 


| 
| 
’ 
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JUNIORS (Continued). Date 
Membership. 
SHAPLEIGH, CHARLES Chf. Engr., River, Rail 
Harbor Constr. Co., 739 North State St., Jackson, 
Huco Conrap. Care, Interborough Rap. Transit 
Park Pi., New York May 31, 1910 
GEORGE Box 804, New Britain, 


Marion. Designing Engr. and Supt. 


Constr., Stevens Co., Oklahoma City, Okla. June 30, 1910 
Toms, WILLIAM. 3814 Westminster St. Louis, 


TRELEASE, FRANK JOHNSON. Care, The Missouri Botanical 

WHITTEMORE, LESLIE Asst. Engr., Board 

Water Supply New York City, 236 Main St., 


West 106th St., New 


123 Woodland Ave., New 


CHANGES ADDRESS 

MEMBERS 

ALDEN, CLARENDON. Asst. Engr., Bureau Sewers, Borough 
the Bronx, 1518 Purdy St., New York City. 

ALLEN, WALTER Civ. Engr., N., Bureau Yards and Docks, 
Navy Dept., Washington, 

ANDERSON, Guy. Cons. Engr., 4032 Walnut St., Philadelphia, Pa. 

Conn. 

BAKER, WILLIAM 105 West 40th St., New York City. 

Backus. Chf. San. Insp., Dept. Health, 215 Madison 
St. (Res., 1951 Sunnyside Ave.), Chicago, 

Yancey. Care, Madeira-Mamoré Ry. Co., Caixa 304, 
Manaos, Brazil. 


BEARDSLEY, JAMES With White Co., Inc., San Juan, 
Porto Rico. 

BELDEN, AUSTIN. Care, Capital Traction Co., Washington, 

BENT, CORNELIUS Care, Staten Island R., State 
St., New York City. 

Foster. Care, Drinker, South Bethlehem, Pa. 

Col., Corps Engrs., A., 508 Colorado 
Washington, 

Pres., Southern Ballast Co., Mill Creek, Okla. 


\ 
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MEMBERSHIP—CHANGES ADDRESS 341 


MEMBERS (Continued). 

Gay. William St., New York City. 

BREUCHAUD, JULES. (Jules Breuchaud Constr. Co.), 290 Broadway (Res., 
The Belnord, Broadway and 86th St.), New York City. 

WENDELL Contr. Engr., King Bridge Co., Cleveland, 
Ohio. 

Henry (Buck Sheldon, Inc.), San. and Structural 
Engrs., Prospect St., Hartford, Conn. 

ANDERSON. Cons. Engr., East 33d St., New York 
City. 

Burr, Epwarp. Lt.-Col., Corps Engrs., A., Office Chf. Engr., 

JAMES Apartado 669, Havana, Cuba. 

CHAMBERS, FRANK Civ. Engr., N., Navy Yard, Norfolk, Va. 

Project Engr., Reclamation Service, Fallon, 
Nev. 

CHARLES WorTHINGTON. State Engr., Boston Bldg., Denver, Colo. 

CREHORE, WILLIAM Cons. Engr., Church St., Room 708, New 
York City. 

CROSWELL, Chf. Engr., Spokane, Portland Seattle Ry., 
and Astoria Columbia River Ry.; Address, East Hill Ave., 
Spokane, Wash. 

Orleans, La. 

STEERE. Care, Toronto Constr. Co., Wellington St., East, 
Toronto, Ont., 

Bldg., San Francisco, Cal. 

JAMES Care, Westinghouse, Church, Kerr Co., Bridge 
St., New York City. 

WALTER JULES. Care, William Barclay Parsons, Cons. Engr., 
Wall St., New York City. 

Bldg., Geneva, 

Engr., and Works Section, Imperial Govt. Rys., 
Tokyo, Japan. 

JoHN Asst. Engr., Board Harbor and Land Commrs., 
Room 131, State House, Boston, Mass. 

Berlin Heights, Erie Co., Ohio. 

ALFRED Dept. Engr., Board Water Supply, 165 Broad- 
way, New York City. 

FRAZIER, JAMES Cons. Engr., 808 Columbia Bldg., Louisville, Ky. 

JAMES WELCH. (The Frazier Co.), Rockefeller Bldg., 
Cleveland, Ohio. 

523 Jeanette St., Wilkinsburg, Pa. 

GoopricH, ERNEST Cons. Engr., Rector St., New York City. 


’ 
<i 
q 
q Ps 
7 
q 
q 
| 
4 


MEMBERSHIP—CHANGES ADDRESS [Society 


MEMBERS (Continued). 


Civ. and Constr. Engr., Sisters, Ore. 
Windsor Ave., Montreal, Que., Canada. 

WILLIAM WESLEY. Care, The East Liverpool Traction 
Light Co., East Liverpool, Ohio. 

Harry Gen. Supt., Leonard Constr. Co., Room 1937, 
Cormick Bldg., Chicago, 

HALL, BENJAMIN Atlanta, Ga. 

JoHN Second Vice-Pres., Purdy Henderson, 1142 Henry 
Bldg., Seattle, Wash. 

Harpy, Harry. Cristobal, Canal Zone, Panama. 

Cons. Engr. (Hawxhurst Wolf), 623 Salisbury 
House, London, C., England. 

Epwarp. Cons. Engr., Box 459, Fairport, 

HIMMELWRIGHT, ABRAHAM ARTMAN. Cons. and Superv. Engr., 
Cor. 23d St. and 6th Ave., New York City. 

Howe, Asst. Engr., Public Service Comm., 231 West 125th 
St., City. 

Hydr. Engr., Belvedere, Marin Co., Cal. 

JANNEY, WILLIAM DEAN. 2109 Homewood Ave., Baltimore, Md. 


Jaycox, THOMAS WILLIAM. Cons. Civ. Engr., 1608 Broadway, Denver, 
Colo. 


WALTER. 
KNIGHTON, JOHN ALBERT. 


JAMES BowMAN. 


Care, Katte, Barney Park, Irvington-on-Hudson, 


Asst. Engr., Dept. Bridges, New York City; 

Engr. Chg., Queensboro Bridge, 305 East 60th St., New York 
City. 

FRANCIS VALENTINE Asst. Gen. Mgr. and Chairman, Eng. 
Committee, Pacific Gas Co. and San Francisco Gas 
Elee. Co., San Cal.; Address, Care, Inst. Electrical 
Engrs., Victoria Embankment, London, England. 

LEONARD, JAMES Chf. Engr., Blue Earth Dam, Rapidan, Minn. 

Jupp Asst. Engr., Dept. Bridges; Address, 501 
West 145th St., New York City. 

418 North St., Jackson, Miss. 


McKay, Civ. Engr., N., Navy Yard, Mare 
Island, Cal. 


McREYNOLDS, OMAR. 
Co., Cal. 

FRANK BIERCE. 

MEANS, HERBERT. 
San Francisco, Cal. 

Care, American Club, Mexico, F., Mexico. 


Pres., Peat Industry Co., Apartado 123 Bis, City 
Mexico, Mexico. 


Cons. Civ. and Min. Engr., Maricopa, Kern 


Lexington Ave., Syracuse, 
Agri. Engr. (Symmes Means), Balboa Bldg., 


342 
q 


MEMBERSHIP—CHANGES ADDRESS 343 


MEMBERS (Continued). 

CHARLES Maton. Cons. Engr., The Smith Contr. Co., 
Broadway, Room 415, New York City. 

MARSHALL, Jr. With Stevens Co., Box 1129, 
Paso, Tex. 

Cons. Engr., Museum Rd., Shanghai, China. 

Engr., Geological Survey, 2503 Elsworth 
St., Berkeley, 

NOSTRAND, Cons. Engr. and City Surv., Beekman St., New 
York City. 

OLMSTED, ASHBEL 841 St. Nicholas Ave., New York City. 

PARSONS, STEVENS. Care, Erie R., Jersey City, 

PEIMBERT, ANGEL. Res. Engr., Pearson Son, Ltd., Humboldt No. 
31, City Mexico, Mexico. 

CHARLES CHEROIS. Chf. Engr., St. Southwestern Ry. Co., 
St. Louis, Mo. 

RocKWELL. Light-House Bureau, Washington, 

Epwarp 521 Board Trade Bldg., Indianapolis, Ind. 

Louis (Ritter Mott), 1707 Marquette Bldg., Chicago, 

SHELBY SAUFLEY. 1454 Second St., Station Louisville, Ky. 

KEEGAN. Supt. Streets, Room City Hall, Boston, Mass. 

Bent. Cons. Civ. Engr., 4950 Washington St. 
Louis, Mo. 

Harry Care, Edgar Allen Am: Manganese Steel Co., 
193 Michigan Ave., Chicago, 

Snow, Baker. Care, The Foundation Co., Box 866, Helena, 
Mont. 

LEE. Civ. Engr. and Contr., Tonawanda St., Dorchester, 
Mass. 

SuTER, CHARLES RUSSELL. Brig.-Gen., (Retired), Roxbury, Dela- 
ware Co., 

WILLIAM Deputy Chf. Engr., Passaic Val. Sewerage 

THOMPSON, Civ. Engr., N., Naval Station, San Juan, Porto 
Rico. 

Sam. High St., Singapore, Straits Settlements. 

Cons. Engr., King St., East, Toronto, Ont., 
Canada. 

VINCENT, Care, City Engr.’s Office, Los Angeles, Cal. 

GEORGE REED. Care, The Peerless Motor Car Co., Cleveland, 
Ohio. 

WALMSLEY, WALTER NEWBOLD. Care, Sao Paulo Tramway, Light Power 
Co., Ltd., Sao Paulo, Brazil. 

Watson, WILLIAM Parsons. Room 414 Crary Bldg., Seattle, Wash. 
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| ANY 
| 


MEMBERS (Continued). 

Epwarp. Chf. Engr., Aqueduct Commrs., Park Row, Room 
2332, New York City. 

WENZELL, ANDREW Cons. Engr., 171 Stanton Ave., Detroit, Mich. 

WICKES, Dana. Marion, Mass. 

CARPENTER. Engr., South Dakota Comm., Pierre, 
Dak. 

Engr., Reclamation Service, St. Ignatius, Mont. 

WRIGHT, O., JR. 422 Security Bldg., Los Angeles, Cal. 

ALEXANDER. Civ. and Cons. Engr., Room 463 Grand Central 

Station, Chicago, (Res., 123 East 6th St., Plainfield, J.) 


ASSOCIATE MEMBERS 


AGRAMONTE, ALBERT ARTHUR. Direccion Desagues Obras Accessorias, Dolores, 
Sud, Buenos Aires, Argentine Republic. 

ALEXANDER, Kay. Asst. Engr., Ry., Elbowoods, Dak. 

ALLEN, Office Engr., and Canal Revaluation, State 
New Jersey, Broad St., Elizabeth, 

ALSBERG, JULIUS. Care, John Bogart, 141 Broadway, New York City. 

BALDWIN, GEORGE HERBERT. 2632 Channing Way, Berkeley, Cal. 

BASSETT, 1631 East 9th St., Brooklyn, 

WILLIAM Care, Pennsylvania Cement Co., Broadway, 
New York City. 

Berry, Care, Butler Water Co., 112 East Jefferson St., 
Butler, Pa. 


Engr., W., Kanawha Mich. Ry., Charleston, 
Va. 

BLANCHARD, 730 North Lefferts Ave., Richmond Hill, 

THOMAS FRANKLIN. Asst. Engr. and Supt. Constr., Pacific 
Eastern Ry., Medford, Ore. 

Jupson Care, Conrad Land Water Co., Ft. Shaw, Mont. 

Asst. Engr., Ry., Wellington, Wash. 

Roy. Logan, Utah. 

BURWELL, LEMMON. Asst. Engr., Baltimore Sewerage Comm., Storm 
Water Div., 1405 Park Ave., Baltimore, Md. 

Delivery, Great Falls, Mont. 

CHARLES, LAVERN JOHN. Care, Reclamation Service Storage Unit, 
South 8th St., North Yakima, Wash. 

STEPHEN PRENTIS. Care, Albany Southern Co., Albany, 


FRANK Supt., Stewart-Kerbaugh-Shanley Co., 410 Dake 
Bldg., Rochester, 


ConNER, RALPH MELVIN. Hutchinson St., Winthrop, Mass. 
Ray Howarp. 521 Beck Bldg., Portland, Ore. 
WALDO 1117 Glenwood Rd., Brooklyn, 
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ASSOCIATE MEMBERS (Continued). 

Epwin. Cons. Engr. (Craig Marshall), Box 181, Green 
Cove Springs, 

CREELMAN, LAUDER. 204 Savage-Scofield Bldg., Tacoma, Wash. 

710 Kittredge Bldg., Denver, Colo. 

Davis, BENJAMIN HERMAN. Cons. Engr., Madison Ave., New York City. 

Davis, JAMES Asst. Engr., Board Water Supply, City New 
York, Bryn Mawr Park, Yonkers, 

CHARLES First Asst. Engr., New York State Dept. 
Highways, Kirstein Bldg., Rochester, 

Civ. and Min. Engr., Broadway, New York City. 

ENGLE, CHARLES ALGERNON. Engr., Great Shoshone Twin Falls Power Co., 
Hollister, Idaho. 

Evans, JoHN Asst. Engr., Detroit River Tunnel Co., 413 Maple St., 
Ypsilanti, Mich. 

FRENCH, CHARLES 1399 Wyoming Ave., Forty Fort, Pa. 

Frost, SHERMAN. Asst. Engr., Public Service Comm. for the First 
Dist., State New York, Flatbush Ave., Brooklyn, 

GARMAN, Harry Associate Prof. Civ. Eng., Purdue Univ.; Address, 
739 Owen St., Lafayette, Ind. 

GREEN, ANDREW Canefield, Dominica, 

GREEN, JAMES 860 Myrtle Ave., Albany, 

GREENE, CARLETON, Cons. Engr. (Greene Greene), Broadway, New 
York City. 

GUNDERSEN, Care, A/s Hoyer Ellefsen, Toldbodgoden 30, Christi- 
ania, Norway. 

Haas, State Road Engr., Care, Div. Engr.’s Office, State 
Dept. Highways, Poughkeepsie, 

HASKELL, FRANK Div. Engr., W., R., General 
Offices, Covington, Ky. 

WILLIAM Cary. Care, Carter Constr. Co., Meyersdale, Pa. 

HENDERSON, SAMUEL WHILDEN. The Excelsior Springs Light, Power, 
Heat Water Co., The Excelsior Water Co., The Marysville Light, 
Power Water Co., Excelsior Springs, Mo. 

Chf. Engr., Pacific Idaho Northern R., Weiser, Idaho. 

Hoop, Smith’s Station, Ala. 

Care, City Engr., Salt Lake City, Utah. 

HUNICKE, WILLIAM 2937 Henrietta St., St. Louis, Mo. 

LELAND WESLEY. 862 Myrtle Ave., Albany, 

JENKINS, JAMES 3440 Broadway, New York City. 

JONES, WALTER ALPHEUS. Box 30, Weatherly, Pa. 

Byron. Asst. Engr., Bridges and Constr. Dept., The Penn- 
sylvania Steel Co., Steelton, Pa.; Address, Camp Hill, Pa. 

KEMPKEY, AUGUSTUS, JR. 721 Balboa San Francisco, Cal. 

Kine, Everett Bedford, Ind. 
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ASSOCIATE MEMBERS (Continued). 

Roy Mech. Engr., Gary, Ind. 

Chf. Engr., Co., 504 Couch Bldg., Port- 
land, Ore. 

LEANE, Chf. Engr., Ferrocarril Longitudinal, Seccion 
Norte, Agustinas 718, Santiago, Chili. 

The Cleveland, Ohio. 

Asst. Engr., Dept. Water Supply, Gas and Electricity, 
Park Row, Room 2015, New York City (Res., 550 Seventh St., Brook- 

Morton. City Engr., Spokane, Wash. 

527 Pierce Bldg., St. Louis, Mo. 

Chf. Engr., Ferrocarril del Cauca, Buenaventura, 
Colombia. 


NEAL Supt. Constr., Public Bldgs., Davenport, 
Towa. 


MILLER, STANLEY ALFRED. Care, General Obras Publicas, Santo 
Domingo, Santo Domingo. 

THEODORE PARKER. Vice-Pres., Stevens Co., 640 New 
York Blk., Seattle, Wash. 

CHARLES Pine St., New York City. 

Morrow, Field Engr., Board Superv. Engrs., Chicago 
Traction, 423 North Central Ave., Chicago, 

ALEXANDER With Snare Triest Co., Tiburon, 
Cal. 

NEWHALL, WILLIAM Cons. Engr., Raymondville, Tex. 

Isaac. Care, Herzog Iron Works, 312 Chamber Com- 
merce Bldg., St. Paul, Minn. 

ALBERT ALLEN. Res. Engr., Holter Dam, Holter, Mont. 

PATTERSON, ROBERT YOUNGMAN. Care, Robinson Son Contr. Co., 
915 Chemical Bldg., St. Louis, Mo. 

PETERSON, JOHN. Asst. Engr. Designer, Board Water Supply, 165 Broad- 
way, Room 725, New York City. 

Harry Unionville, Conn. 

JoHN Hupson. Penobscot Bldg., Detroit, Mich. 

Proctor, Box 101, Canon City, Colo. 

Ramsey, Guy Orlando, Fla. 

THEODORE Chf. Engr., Whitney-Steen Co., Liberty St., 
New York City. 
RICHARDSON, JAMES HERBERT. 

R., Boston, Mass. 
REUBEN 316 Dayton St., Hamilton, Ohio. 
Rockwoop, Chf. Engr., New England Concrete Constr. Co., 
201 Devonshire St., Boston, Mass. 


ASHER. Care, Robert Wilson Co., 200 Fifth Ave., New York 
City. 
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ASSOCIATE MEMBERS (Continued). 

Runyon, WILLIAM West Kinney Newark, 

SAMPLE, WILLIAM Twisp, Wash. 

SEVERSON, OscaR MELVERN. Falconer, Chautauqua Co., 

SEYFERT, Ernest. 1902 Frick Bldg., Pittsburg, Pa. 

Engr. and Res. Mgr., Phillips Land Co., 1678 

Robert St., New Orleans, La. 

SHELDON, Secy. and Treas., Buck Sheldon, Inc., Prospect St., 
Hartford, Conn. 

SHELLENBERGER, Rupy. Asst. Engr. for Grand Central Station Archts., 
East 42d St., Bayonne, 

SHERTZER, TYRRELL BRADBURY. Eng. Draftsman, Public Service Comm. for 
First Dist., 565 Fifth Ave., Brooklyn, 

Sisson, Care, Newport Eng. Co., 235 Worcester Bldg., 
Portland, Ore. 

Cons. Engr., Wells Bros. Co. New York, 366 
Fifth Ave., New York City. 

GRIER Div. Engr., Florida East Coast Ry., Key West 
Extension, Key West, Fla. 

STENGER, Gen. Supt., Ray Con. Copper Co., 124 St., Salt Lake 
City, Utah. 

Louis Care, The Laramie-Poudre Reservoirs Irrig. 
Co.; Address, 820 West Olive St., Fort Collins, Colo. 

WILLIAM Epwarp Eng. Dept., Am. Radiator Co., 
Nassau St., Room 1605; New York City. 

Res. Engr., State Water Supply Comm., Albany, 

JESSE RUSSELL. 157 West 80th St., New York City. 

TARR, CHARLES WINTHROP. Orange St., Brooklyn, 

NoRMAN ALFRED. Cons. Engr., Standard Oil Co., Baltimore, Md. 

315 East 5th St., Mt. Carmel, 

VERNON, STEPHEN Intercepting Sewer Board, City Hall, Syracuse, 

Care, Dept. Water Supply, Gas and Electricity, 
Room 2332 Park Row Bldg., New York City. 

WASSNER, MICHAEL. South River St., Aurora, 

WEIDNER, Instr. Hydr. Eng., Univ. Wisconsin, 422 
Henry St., Madison, Wis. 

WENIGE, ARTHUR Asst. Engr., Dept. Water Supply, Borough 
Brooklyn, Brooklyn, 

WHEATON, WALTER Care, San Joaquin Light Power Co., Tulare 
and Sts., Fresno, Cal. 

FREDERICK. Flatbush Ave., Brooklyn, 

Res. Engr., Barge Canal Office, Albany, 

WILKERSON, THOMAS JEFFERSON. Asst. Engr. Bridge Designer, Bureau 
Constr., Dept. Public Works, City Hall, Pittsburg, Pa. 
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ASSOCIATE MEMBERS (Continued). 

WILLIAMS, Asst. Prof. Civ. Eng., Columbia Univ., 
New York City. 

Bean. Todd Louisville, Ky. 

Wonson, SAMUEL 179 Belmont St., Belmont, Mass. 

Dist. Carpenter, St. Ry., Western Ave. 
(Res., Cor. North California and Grand Aves.), Chicago, 
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ENGINEERING LITERATURE 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(May 10th July 22d, 1910) 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
prefixed each journal this list: 


Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 

Proc Engrs. Club Phila., 
1317 Spruce St., Philadelphia, 


Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. Engrs., 
Monadnock Chicago, 

Transactions, Can. Soc. 
Montreal, Que., Canada. 

School Mines Quarterly, Co- 
lumbia Univ., New York City, 
50c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

Engineering Magazine, New York 
City, 25c. 

Mayazine, New York City, 

Engineering (London), 
Wiley, New York City, 

The Engineer 
national News Co., New York 
City, 35c. 

News, New York City, 


Engineering Record, New York 
City, 12c. 

Railway Age Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, New 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific American Supplement, 
New York City, 10c. 

Tron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

American Engineer, New 
City, 20c. 

Electrical Review, London, Eng- 


and. 
World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 


(37) 
(38) 


(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 


procured addressing the publication directly, the address and price 
being given wherever possible. 


Journal, New Water- 
Works Assoc., Boston, Mass., $1. 
Journal, Royal Society Arts, 


London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
Engrs., New York City, 50c. 

Annales des Pontes Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 

Scientific American, New York 
City, 8c. 

Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 

ussia. 

Zeitschrift, In- 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, 

Transactions, Am. Soc. E., New 

York City, $10. 
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(56) Transactions, Am. Inst. Min. (83) Progressive Age, New York City, 


Engrs., New York City, $5. 15c. 
(57) Colliery Guardian, London, (84) Ciment, Paris, France. 
land. (85) Proceedings, Am. Ry. Eng. and 
(58) Proceedings, Engrs.’ Soc. Pa., Assoc., Chicago, 
803 Fulton Pittsburg, (86) Engineering-Contracting, Chicago, 
Pa., 50c. 
(59) Transactions, Mining Inst. Scot- (87) Roadmaster and Foreman, Chicago, 
land, London and 
upon-Tyne, England. (88) Bulletin the International Ry. 
(60) Municipal Congress Assoc., Brussels, Bel- 
apolis, Ind., 25c. gium. 
(61) Proceedings, Western Railway (89) Proceedings, Am. Soc. for Testing 
Club, 225 Dearborn St., Chicago, Materials, Philadelphia, Pa. 
Ill., (90) Transactions, Inst. Naval 
(62) Industrial World, Archts., London, England. 
Pittsburg, Pa. (91) Transactions, Soc. Naval Archts. 
(63) Minutes Proceedings, Inst. E., and Marine Engrs., New York 
London, England. City. 
(64) Power, New York City, 20c. (92) Bulletin, Soc. 
(65) Official Proceedings, New York pour Nationale, Paris, 
Railroad Club, Brooklyn, Y., France. 
(66) Journal Gas Lighting, London, rance, 
(94) The Boiler Maker, New York City, 
(67) Cement and Engineering News, 
Chicago, 25c. (95) International Marine Engineering, 
(68) Mining Journal, London, England. New York City, 20c. 
(70) Engineering Review, New York (96) Canadian Engineer, Toronto. Ont., 
City, 10c. Canada, 15c. 
(71) Journal, Iron and Steel Inst., Lon- (97) Turbine, Berlin, Germany, Mark. 
don, England. (98) Journal, Soc. Pa., 219 
(71a) Carnegie Scholarship Memoirs, Market St., Harrisburg, Pa., 30c. 
Iron and Steel Inst., London, (99) Proceedings, Am. Soc. Municipal 
England. Improvements, New York City, 
(73) Electrician, London, England, 18c. 


roceedings, Inst. Mech. Engrs., 
London, (101) Worker, New York City, 
Germany. 
(78) Eeton und Eisen, Vienna, Austria. ini ienti Press, San 
(79) Forscherarbeiten, Vienna, Austria. 
(80) Zeitung, Berlin, Ger- (104) The Surveyor and Municipal and 
(81) Zeitschrift fiir Architektur und In- 
Wiesbaden, Ger- (105) En- 
many. gineering, New York City, 25c. 
LIST ARTICLES. 
Bridges. 


Notes the Replacing the Superstructure the Harlem Ship Canal Bridge.* 
Horace Howe, Am. Soc. (54) Vol. 67. 

Construction Lethbridge Viaduct, Crow’s Nest Branch, Canadian Pacific Rail- 
way Company.* Monsarrat. (5) Oct., 1909. 

Report Strengthening the Bridges with View Increasing the Weight 
Locomotives and the Speed Trains (France and Subject for Dis- 
the Session the Railway Congress.* Eugene Randich. 

pr. 

Tyngs Island Bridge the Vesper Country Club, Lowell, Mass.* 
Am. Soc. Mech. (Paper read before the Bost. Soc. Civ. Engrs.) 

ay. 

Bellows Falls Arch Bridge.* Joseph Worcester. (Paper read before the Bost. 
Soc. Civ. Engrs.) (1) May. 

Decay and Protection Railway Bridges.* (12) May 

The Waterproofing Extensive Railroad Bridge Floors.* (14) May 14. 

The Copper River Bridge Piers.* (14) May 14. 
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Bridges— (Continued). 


000-ft. Steel Arch Quebec Bridge Project.* (13) May 19. 


Wind Stresses Three-Hinged Arches.* Ensink. (14) 
21. 


109-ft. Concrete-Floor Plate-Girder Bridge.* (14) May 21. 

Shoring Channel Span, South 22d Street Bridge, Pittsburg.* (14) May 28. 

Early Specification for Steel Bridge; the Glasgow Bridge Over the Mis- 
souri River. (13) June 

Arch Coefficients, Transformation Dimensions Symmetrical Rib Arches; with 


Tables Coefficients for Twenty Arches Different Proportions. Malverd 
Howe. (13) June 


The Twentieth Street Viaduct, Denver, Colorado.* (14) June 

The Langebro Harbour Bridge, Copenhagen. (11) Serial beginning June 10. 

Method and Cost Constructing Three Short-Span, Single-Track Concrete Arch 
Bridges, Lake Champlain Moriah Railroad.* (86) June 15. 

Long Reinforced-Concrete Railway Viaduct through the City Rotterdam, 
Holland.* (13) 16. 

Wide Span Ferro-Concrete Bridge New Zealand.* (12) June 17. 

Notes Recent American Bridges. (12) June 24. 

Hoisting Concrete for Bridge Floor. (14) June 25. 

Comparative Economy Steel with Jack Arches vs. Reinforced Concrete 
for Railroad Culverts and Short Span Solid Floor Bridges.* Frank 
Carter, Assoc. Am. Soc. (86) June 29. 

Experience with Day Labor Work the Maintenance and Repairs Bridges 
Chicago, Ill. (86) June 29. 

The Seventh Street Bridge, Los Angeles, California.* (14) July 

Second Series Concrete Model-Arch Tests for Medina Aqueduct, New York 
State Barge Canal.* (From Barge Canal Bulletin.) (13) July 
July (86) July 20. 

New Method Proportioning Webs and Stiffeners Plate 
Gibb. (11) July 

Double Track Truss Bridge with Suspended Tracks.* (15) July 

The Hudson River Bridge Waterford, New York.* Peck. (13) July 14. 

Quebec Bridge Substructure.* (96) July 14. 

The Design and Construction the Paulin’s Kill Viaduct.* (14) July 16. 

Appareils Dilation des Ponts Métalliques.* Nachtergal. (35) May. 

Seine.* Hénard. (33) May 14. 

Mécanismes Translation des Ponts Roulants.* Nachtergal. (34) June. 

Calcul Continu.* Louis Schaffner. (33) Serial beginning 
June 

Viaduc Gorgopotamos (Gréce); Reprise Sous-Oeuvre des Fondations 
d’une Pile d’une Culée.* Georges Bodin. (33) June 18. 

Vitesse des Trains.* Jean Phizey. (33) July 

zur Theorie und Berechnung der Bogentrager ohne Schei- 
telgelenk, insbesondere der und der 
biegungsfesten Rahmen.* Max Ritter. (79) Vol. 11. 

Neuere Rank. (51) Serial beginning Beton Beilage No. 11. 

Ueber Niete und Vernietungen.* (50) Serial beginning May 11. 

Vom Neubau der Augustus-Briicke Dresden.* (51) Serial begin- 
ning June 

Strasseniiberfiihrung auf Bahnhof Kieritzsch.* Em. Haimovici. (78) June 10. 


Electrical. 


Direct Current System.* Barringer. (5) 1909. 

Practical Method Protecting Insulators from Lightning Power Arc 
Effects. Nicholson. (42) Mar. 

the Modifications in’ Hering’s Laws Furnace Electrodes Introduced In- 
Variations Electric and Thermal Resistivity. Kennelly. 
(42) Mar. 

The Proportioning Electrodes for Furnaces.* Carl Hering. (42) Mar. 

Large Electric Hoisting Plants. Wilfred Sykes. (42) Mar. 

Motor Application Machine Tools.* Charles Fair. (42) May. 

Disruptive Strength with Transient Voltages.* Joseph Hayden and Charles 
Steinmetz. (42) May. 

Observation Harmonics Current and Voltage Wave Shapes Transformers.* 
John Frank. (42) May. 

Parallel Operation Three-Phase Generators with their Neutrals Interconnected.* 
George Rhodes. (42) May. 

The Second Lecture, the Work Lord Kelvin Telegraphy and Naviga- 
tion.* Ewing. (77) 

Investigation the Most Economical Vacuum Electric Power Stations 
Employing Steam Turbines and Cooling Towers.* Neilson. (77) May. 

The Testing Rubber for Electrical Work.* Schwartz. (77) May. 


Tllustrated. 
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Continued). 


The Influence Various Cooling Media upon the Rise Temperature Soft 
Iron Stampings. Gifford. (77) May. 

Some Notes Overhead Line Construction.* Woodhouse. (77) May. 

The Electrical Driving Textile Machinery.* Woodhouse. (10) May. 

New Methods Transmission Employed Telegraphy. Ferrié. (Ab- 
stract from the Bulletin Soc. Inter. des Electriciens.) (73) May 

Aerial Telephone Lines the Pupin System.* Ebeling. (Paper read before 
the Ver.) (73) May 

High-Tension Switchgear, with Special Reference Mining and Colliery Develop- 
ments.* Field. (Abstract paper read before the South Wales 
Inst. Engrs.) (22) May 

Cost Generating and Distributing Electricity for Lighting and Power, New 
York Edison Co. (86) May 11. 

Telegraph Cable Relay.* (27) May 12. 

The Boston Opera House.* (27) May 12. 

Long Underground Telephone Lines Pupin System. Ebeling.* (27) 
12; 18. 

the Point-by-Point Method.* Alfred Wohlauer. 

Electric Cables. Fernie. (73) Serial beginning May 13. 

Supports for Transmission Lines.* Wilkinson. (27) May 19. 

Transmission Insulators.* Watts. (27) May 19. 

Union Electric Light and Power Company.* (27) May 19. 

Short-Circuit Losses Alternating-Current Commutor Motors.* Fraenckel 
and Lane. (73) Serial beginning May 20. 

The Voltage Regulation Alternators.* (12) May 20. 

The Thorne-Baker Tele-Photographic Apparatus.* (46) May 21. 

Concrete Poles for Transmission Line.* (14) May 21. 

The Danville Central Station System.* (27) May 26. 

The Commutator Generator. Val. Fynn. (27) Serial beginning 

New Telegraphy and Telephony Instruments.* (12) 27; (73) 
27. 

London Electric Supply Station.* (12) beginning May 27; (73) 
Serial beginning May 20. 

Central Argentine Railway Workshops Electrification.* (12) May 27. 

Improvements Suggested Underground Conduit Construction for Large Trans- 
mission Systems.* Edw. Lake. (4) June. 

The Application Porcelain Strain Insulators.* Kempton. (42) June. 

Electric Railway Catenary Trolley Construction.* Smith. (42) June. 

Transmission Line Crossings Railroad Rights-of-Way. Allen Babcock. 


(42) June. 
The Generating System Electric Lighting Company.* Cheyney. 
(42) June. 


Telephone Engineering Around the Golden Gate. Arthur Bessey Smith. (42) 


June. 

The Modern Oil Switch with Special Reference Systems Moderate Voltage and 
Large Ampere Capacity. Cheyney. (42) June. 

Metal Filament Lamps.* John Howell. (42) June. 

Some Developments Modern Lighting Systems. Stone. (42) June. 

Synchronizing Alternators.* Winn. (10) June. 

The Electric Driving Cotton-Picking Machinery.* Albert Walton. (10) June. 

Economical Small Electric Plants.* Warren Miller. (27) June 

Housatonic River Hydroelectric Plants.* Franz. (27) June 

The Electrical Equipment Messrs. Edward Lloyd, Ltd., Salisbury Square, 
London, C.* (26) June 

Electricity French Gas Plant.* Warren Miller. (27) 

New Ideas Electrical Distribution Methods.* Way, Assoc. Am. Inst. 
(Abstract paper read before the National Light Assoc.) (13) 
June 

Transmission-Line Crossings Over Railroads; Accidents and Causes. (Abstract 
from Joint Report, National Light Assoc. and Ry. Eng. and 
(13) June 

Direct-Current Turbo-Generators. Waters, Am. Inst. (Abstract 
paper read before the National Elec. Light Assoc.) (13) June 

The Greenock Electricity Undertaking.* (26) June 10. 

Wireless Telegraphy for Marine Intercommunication.* Bradfield. (73) 
June 10. 

Reinforced Concrete Poles. Coombs and Slocum. (Abstract paper 
read before the Assoc. Portland Cement Mfrs.) (14) Serial begin- 
ning June 18. 

paper read before the National Elec. Light Assoc.) (13) June 23. 


Illustrated. 
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Some Applications Concrete and Cement Central Station System. 
Muller. (Abstract from Elec. Engr.) (86) June 

Distribution Energy Colorado.* (27) June 30. 

Vector Power Alternating-Current Circuits.* Kennelly. (42) July. 

The Electric Strength Air.* Whitehead. (42) July 

Determination Transformer Regulation Under Load and Some Result- 
ing Adolph Shane. (42) July. 

Dielectric Strength Tobey. (42) July. 

Carbon Filament Lamps Photometric Standards. Rosa and Middle- 
kauff. (42) July. 

Some Recent Developments Exact Alternating Current Measurements. Clayton 
Sharp and William Crawford. (42) July. 

Telegraph Engineering, Notes History Practice.* William Maver, 
Jr., and Donald (42) July 

The International Electrical Units, 1893-1910. Rosa. (42) July. 

Magnetic Hysteresis.* Morton Lloyd. (3) July. 

Insulator Porcelain and Glass.* Ralph Clarkson. (27) 

The Motor and Some Methods Working Cascade with Induction 
Motors.* Reginald Kapp. (73) July 

Notes Transmission Line Regulation.* Lincoln. (96) July 14. 

London Municipal Central Station; Generating Station the Westminster 
Electric Supply Corporation.* (27) July 14. 

Concrete Conduits for Electric Cables.* (13) July 14. 

Gas Explosions Electric Conduit, New York City. Breneman, Am. 
Chem. Soc. (13) July 14. 

Electricity the Construction the Los Angeles Aqueduct.* (14) July 16. 

Concrete High Tension Switch-Boards. (14) July 16. 

Transmission Michigan.* (27) July 21. 

Wireless Telegraph How Construct 1000-Mile Receiving Station.* 
Edward Guilford. (19) Serial beginning July 23. 

Usine Electrique Landy, Plaine-St. Denis Société Gaz 
Paris.* (34) May. 

Die neuen Fernsprech-Zentralanlagen der Direktion Frankfurt M.* Foerster. 
(102) Serial beginning May 15. 

Die Erzeugungskosten der elektrischen Kraft unter Ausnutzung des Hochofen- 
gases. Rudolf Pokorny. (50) June 

Installation elektrischer Licht- und Kraftanlagen Eisenbetonbauten.* Siegfried 
Ebell. (78) June 10. 


Marine. 


The Second Kelvin Lecture, the Work Lord Kelvin Telegraphy and Naviga- 
tion.* Ewing. (77) May. 

The Problems Winter Navigation the St. Lawrence River.* Barnes. 
(96) May 13. 

His Majesty’s Battleship Hercules.* (11) May 13. 

The German Cruiser Van der (12) May 13. 

The Design Manceuvring Gear for Marine Steam Turbines.* (12) May 13. 

The Porhydrometer—An Apparatus for Weighing Ship Cargoes. (46) May 14. 

Steel Suction Dredge.* 20. 

Light-Draft Sand-Pump Dredge Quorra for Improvement the River Niger.* 
(96) May 20; (13) June 16. 

The New Russian Battleships.* (11) May 20. 

Mitsu-Bishi Dockyard and Engine Works.* (11) May 20. 

The Brazilian Scout-Cruisers.* (12) May 20. 

Impulse and Reaction Marine Steam Turbines. Sir William White. (12) 


May 27. 
Concrete Barges the Pacific Division the Panama Canal.* (14) 
May 


Steamship Chanslor.* (95) June. 
New Type Iron Ore Transport.* Coleman. (95) June. 
Powerful Stern Wheel Towboat.* June. 


Fire Scannel and Dennis Sullivan for San Francisco Harbor.* 
une 


The French Destroyer Voltigeur.* (12) June 

Steel Barges for Transporting Steel Products the Ohio and Mississippi.* (13) 
June (20) June 

The German Battleship Rheinland. (11) June 10. 

Ships’ Telephones.* Thompson. (73) June 10. 

Ship Illumination and Fittings.* Austin. (73) June 10. 

Electric Steering Gear.* Chalkley. (73) June 10. 

The Wiring Ships.* Austin. (73) June 10. 

Electrically-Driven Shipyard Cranes.* Broughton. (73) June 10. 
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Marine— (Continued). 


Marine Propulsion Electric Motors.* Henry Mavor. (73) June 10. 

System Turbo-Electric Propulsion Ships.* Leake. (73) June 10. 

Electrical Marine Propulsion the System.* William Durtnall. 
(73) June 10. 

Steamship with Horizontal Corrugations Along the Hull: Results Tests.* 
Haver. (Abstracts paper read before the North Coast Inst. 
and Shipbuilders.) (13) June 16. 

The Norwegian Submersible Kobben.* (12) June 17. 

The Grand Trunk Pacific Company’s T.-S. Prince Rupert.* (11) June 17. 

New Fireboat for Seattle, Wash.* Strouse. (13) June 23. 

Survey Steamship for Canada.* (12) June 24. 

Electricity Shipboard. Heslop. (10) July. 

The Propulsion Cargo Boats. Neilson, Mech. (10) July. 

Freight Steamships City Montgomery and City St. Louis.* 

uly. 

The Latest Turbine Destroyers the French Navy.* (95) July. 

Progress Dry Dock Number Brooklyn Navy Yard.* (14) July 

The Floating Dock for Brazil.* (12) Serial beginning July 

Sauvetages Renflouements. Ribiére. (43) Mar. 

pr. 

Les Réparations Navires par Soudure Electrique Soudure Autogéne.* 
Scott Jounger. (Paper read before the Inst. Engrs. and Shipbuilders 
Scotland.) (93) May. 

Nouvelles Pompes d’Epuisement des Formes Radoub Potaniou, 
Brest.* Germain. (33) June 11. 

Schwimmende Fahrzeuge aus Perrey. (15) Beton Beilage, No. 13. 


Mechanical. 


The Smokeless Combustion Bituminous Coal.* Bement. (56) Vol. 40. 

The Coal Low-Temperature Distillation. Francis. (56) 
Vol. 40. 

The Internal Combustion Engine.* Guillet. (5) 

Heat Transmission.* Dalby. (75) Oct., 1909. 

Internal-Combustion Pump and Other Applications New Principle.* 
bert Humphrey. (75) 1909. 

the Rate Heat Transmission, between Fluids and Metal Surfaces.* 
Jordan. (75) Dec., 1909. 

The Development the Gas Engine.* Adams. (61) Feb. 

Centrifugal Pumps. William Wiley. (4) Apr. 

Recent Progress Aviation.* Octave Chanute. (4) Apr. 

Advantages Air-Separators.* Bogdahn. (67) May. 

The New Plant the Riverside Portland Cement Co.* (67) May. 

Recent Progress Motors for Aeroplanes.* Bradley. (10) May. 

The Mechanical Handling Small Materials.* George Frederick Zimmer, 
Inst. (10) May. 

Government Plant Washington.* Johnson. (64) May 10. 

The Extension the Ziirich Gas-Works.* (66) Serial beginning May 10. 

Darley Suction Conveyor for Coal and Ashes, the Installation for the Boston Ele- 
vated Railway.* (20) May 12. 

Gas and Oil Engine Combustion Spaces.* James Naylor, Mech. 
(12) May 13. 

Venturi Meters for Measuring Large Volumes Gas.* Hodgson. (Paper 
read before the Manchester Dist. Inst. Gas Engrs.) (66) May 13. 

Gas Engines Charlotte, C.* (17) May 14. 

Stone-Washing Plant Thornton, Illinois.* (14) May 14. 

Management Water Gas Generators.* John Wing. (Paper read before the 
New Eng. Assoc. Gas Engrs.) (83) May 16. 

Salle Hotel Power Plant, Chicago.* Osborn Monnett. (64) May 17. 

Causes the Destruction Refractory Blocks and Retorts. Alfred Searle. 
(66) Serial beginning May 17. 

Continuity Supply Modern Power Stations.* Lewenz. (12) Serial 
beginning May 20. 

Feeber’s Theory Aeroplane Stability.* (11) May 20. 

Petrol-Air Gas.* William Key. (66) May 24. 

Steam Boilers.* Henry Kreisinger and Walter Ray. 
64) 

Plant the Works Messrs. Vivian Sons, Swansea.* (22) 
May 27. 
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Mechanical—(Continued). 


Mechanical Plant the Provident Bank Building, Cincinnati.* Walter 
Franz. (14) May 28. 


Piping for the Steam Plant.* (101) May 28. 

The Fairview Pumping Station.* Thurlow Coon. (64) May 

Operating Costs Large Units.* (64) May 31. 

Chicago’s Smoke Problem.* Paul Bird. (4) June. 

Interaction Flywheels and Motors when Driving Roll Trains Induction 
Motors.* Gasche. (42) June. 


their Principles and Useful Application.* Sterling Bunnell. (9) 
une. 


Japanese Watertube Boiler.* (94) June. 

Arsenic Manufacture Midvale.* Leroy Palmer. (45) June. 

Low Pressure Turbines. Callan. (98) June. 

The Preliminary Heat Treatment upon Clays. Bleininger. (76) 
une. 

Some Practical Experiences the Drying Tiles. Straight. (Paper read 
before the Iowa Brick and Tile Assoc.) (76) June. 

Utilizing Waste Kiln Heat. Trautwein. (76) June. 

Modern Stone Crushing Plant 600 Cu. Yds. Capacity per Hour, Some Costs 
une 

Boiler-Testing Installation and the Economical Combustion Fuel. Charles 
Edward Larard, Assoc. Inst. (11) Serial beginning June 

Thermal Storage.* (12) June 

Power Plant Economizers.* Frank Kingsley. (14) June 

Simple and Accurate Gas Calorimeter.* Strache. (Abstract from Journal 
fiir Gas Beleuchtung.) (24) June 

Marseilles’ New Power Plant.* Alfred Gradenwitz. (64) June 

The Arrangement Valves Aeroplane Engines.* (11) June 10. 

The Stumpf Uni-Directional-Flow Engine.* Stumpf. (11) June 10. 

Boat and Rail Telpher Transfer Plant.* (15) June 10. 

Power Investigation Grain Mill. (14) 11. 

New Apparatus for Measuring Deformations Materials. Berry. (14) 
June 11. 

Iron vs. Tin Meters* (Gas). Holmes. (Paper read before the Natural Gas 
Assoc. Amer.) (24) (83) July 15. 

Side Feed Automatic Stoker.* Springer. (64) June 14. 

Iron Moulds for Making Castings.* (12) Serial beginning June 17. 

The Quantity Circulating Water Required Surface Condensers.* Neil- 
son. (12) June 17. 

Exhaust Steam Turbines and Condensing Plant McDonald Road Station.* 
Newington. (Paper read before the Inc. Mun. Elec. Assoc.) (73) June 17; 
(26) June 24; (47) June 17. 

Automatic Recording Instruments.* (47) Serial beginning June 17. 

Extensions Electricity Supply Stations Means Mixed Pressure 
Turbines.* Ashton Bremner. (Paper read before the Inc. Mun. Elec. Assoc.) 
(47) June 17. 

Leigh-on-Sea Gasworks Extensions, with Particular Reference Reinforced Con- 
crete Gasholder Tank.* Charles Hunt. (Paper read before the Inc. Assoc. 
Mun. and County Engrs.) (104) June 17. 

Gas Research.* (Report Comm. the Inst. Gas Engrs.) (66) 
June 21. 

Gas Calorimetry the United States.* John Klumpp. (Paper read before the 
Inst. Gas Engrs.) (66) June 21. 

Investigations with Respect Carbonizing Horizontal Retorts. Ferguson 
Bell. (Paper read before the Inst. Gas Engrs.) (66) June 21. 

Experiments Carbonization the Birmingham Coal Test Plant. William 
Davidson. (Paper read before the Inst. Gas Engrs.) (66) June 21. 

The Brouwer Stoking Machinery and Coke-Handling Plant.* Shoubridge. 
(Paper read before the Inst. Gas Engrs.) (66) June 21. 

The Extrusion Metals the Solid State.* (20) June 23. 

New McKeesport Tin Plate Mills.* (20) June 23. 

Large Diameter Shot Drilling Concrete.* (13) June 23. 

Reinforced-Concrete Locomotive Coaling Station 2000 Tons Capacity.* 
Ewell. (13) June 23. 

Elementary Theory the Gyroscope.* Barton. (11) June 24. 

Mechanical Road Haulage, Considered Commercially. Harris. (Paper read 
before the Irish Road Congress.) (86) June 29. 

Test 170-H.P. Oil Engine. Macdonald. (27) June 30. 

Pitot Tube Steam Flow Meters.* (13) June 30. 

The Mining and Fabrication Fireclay. (9) July. 
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Mechanical—(Continued). 


The the Reciprocating Engine.* Pigott. (9) Serial beginning 
uly. 


Specifications for Foundry Coke. Richard Modenke. (Paper read before the Amer. 
Foundrymen’s Assoc.) (41) July. 

The Hopkins Gasolene-Engine Dynamometer and Speedometer.* Monroe Hop- 
kins. (3) July. 

Modern Car-Wheel Turning.* Walter Clark. (10) July. 

Automatic Coke Waterer.* William (45) July. 

Brush-Parsons Exhaust Turbine.* (11) July 

Alignment Chart for Determining Specific Steam.* William Goudie, 

Hydraulic Turbines for 670-Foot Head.* Birchard Taylor. (64) July 

The Forest (Brussels) Gas-Works.* (66) Serial beginning July 

The Utilization Exhaust Steam.* Herman Niemetz. (27) July 

Laval High Efficiency Centrifugal Pumps.* (20) July 

High-Speed Steam-Turbine Rotor Design and Construction.* John McKenzie New- 
read before the Junior Inst. Engrs.) (11) Serial beginning 
uly 

Cylinder Moulding for Railway Engines.* Pemberton. (Paper read before the 
Brit. Foundrymen’s Assoc.) (22) July 

Transference Water-Borne Freight. M’L. Harding. (15) 
uly 

Rules and Regulations Governing Inspection Gas, New York Public Service Com- 
mission, Second District. (24) July 11. 

The New Hoboken Gas-Works Antwerp.* (66) July 12. 

Truck for Haulage Arid Regions.* Hornaday. (27) 
uly 21. 

15-Ton Hulett Ore Unloader.* Walter Stephan. (20) July 21. 

Les Indicateurs Torsion Appliqués Mesure Puissance des Machines.* 
Moulin. (31) 1910, Pt. 

Etude Comparée sur Procédé Classique Fabrication Platre dit des 
Culées” Procédé Perin. Périn. (32) Mar. 

Les Terres Rares (92) Apr. 

Les Multicellulaires leurs Récentes Applications.* Rateau. 

pr. 

Description Quelques Turbo-Machines Comparaisons Celles-ci avec les 
Machines Piston Correspondantes.* Barbezat. (32) Apr. 

Quelques Remarques sur les Turbo-Machines.* Rey. (32) Apr. 

Moteurs Aéronautiques Croiseur Aérien.* Farcot. (92) May. 

Turbine Oerlikon Fonctionnant avec Vapeur (33) 
May 

Controle Mécanique Physique Combustion dans les Foyers Industriels.* 
Eugéne Grandmougin. (33) May 

L’Exposition d’Aviation Navigation Automobile (Londres, 11-19 
Mars, 1910).* Ch. Dantin. (33) May 14. 

Machine Eau Systéme Westinghouse-Leblanc.* Lemaire. (33) 
May 28. 

Conduite Mécanique Chauffe dans les Foyers des Générateurs Vapeur.* 
Emanaud. (33) Serial beginning May 

Machines Forger (33) May 28. 

Théorie des Régulateurs Ressorts Lamellaires.* Loewy. (37) May 

Machine Mesurer Rendement des Vis Origines Vis des Engrenages.* 
Ch. Frémont. (37) May 31. 

Betrachtungen iiber das Flugproblem.* Prandtl. (48) Apr. 30. 

Rateaupumpen und neuere Anlangen mit Rateaupumpen. Ernst Blau. (53) May 

Neuere Konstruktionen von Dampfturbinen.* und Lésel. (48) 
Serial beginning May 

Die Verladeanlage der Radzionkaugrube Oberschlesien.* Buhle. (48) May 

Der Genauigkeitsgrad von Hochdruckmessern.* Klein. (48) May 14. 

Der heutige Stand der Flugtechnik Theorie und Praxis.* Bendemann. 
(48) Serial beginning May 14. 

fiir alle Lagerstellen Simon. (102) 
May 15. 

Verlauf der Kiihlzonen bei von den atmos- 
Willnecker. (97) Serial beginning May 20. 

Der Wright-Motor der Neuen Oberschéneweide bei Ber- 
lin.* (48) May 28. 

Kleine Motorwagen.* Heller. (48) Serial beginning June 

Konstruktive Walzenstrassen letzten Jahrzehnt.* Ortmann. 
(50) June 15. 

Ueber Gaserzeuger.* Hofmann. (50) June 15. 

Versuche mit Hubschrauben.* Klingenberg. (48) June 18. 
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Mechanical—(Continued). 


Ueber die von Gasturbinen.* Gentsch. (97) June 20. 

Ueber die Wirtschaftlichkeit der verschiedenen Antriebsarten von Stahlwerks- 
(50) June 22. 

Das Walzen von Fein- und Weissblechen.* (50) July 


Die der Warmeiibergangszahl von der Wilhelm Nusselt. 
July 


Metallurgical. 


Cyaniding Slime.* Mark Lamb. (56) Vol. 40. 

The Cyaniding Silver-Ores Mexico.* Albert Bordeaux. (56) Vol. 40. 

the Tuyeres and Inside the Furnace.* Sweetser. (56) 

ol. 

Kentucky Fluorspar and Its Value the Iron and Steel Industries. Julius 
Fohs. (56) Vol. 

and Hayward. (56) Vol. 40. 

Development the Size and Shape Blast-Furnaces the Lehigh Valley, 
Shown the Furnaces the Glendon Iron Works.* Frank Firmstone. 
(56) Vol. 40. 

Metal-Losses Copper-Slags. Lewis Wright. (56) Vol. 40. 

The Treatment Slime Vanners.* Rudolf Gahl. (56) Vol. 40. 

The Influence Bismuth Wire-Bar Copper.* Lawrie. (56) Vol. 40. 

The Fuel-Economy the Iron Blast-Furnace. Langdon. (56) 

ol. 

The Assay and Valuation Gold-Bullion.* Frederic Dewey. (56) Vol. 40. 

Sintering Fine Ore and Sintering Machine.* Alfales Young. (105) May. 

The New Blast Furnace the Bethlehem Steel Company.* Landis. (105) 
Serial beginning May. 

Electric Furnaces Non-Ferrous Metallurgy. Joseph Richards. (105) May. 

Non-Uniformity Blast Furnace Operation. Edward Cook. (105) 

ay. 

Electric Furnaces the Induction Type.* Rowlands. (Paper read before the 
Amer. Electrochemical Soc.) (20) May 12; (62) May 16; (47) June 

Recent Advances the Electrometallurgy Zinc.* Franz Peters. (Abstract 
from Gliickauf.) (16) May 14. 

Smelting Practice. Redick Moore. (16) Serial beginning 

Electric Smelting Furnace.* Edward Taylor. (20) May 19. 

New Mill the Tonopah Extension Mining Co.* (16) May 21. 

Report Harbord the Manufacture Iron and Steel the Transvaal. 
(12) Serial beginning May 27. 

The Elements Slime Concentration. Walter McDermott. (Abstract from 
M.) (16) May 28. 

Improvements the Cyanide Process.* Bernard MacDonald. (103) May 28. 

Smeltery Smoke Source Sulphuric Acid.* Freeland and 
Renwick. (16) 28. 

Electrolytic Refining Copper.* Blakemore. (Abstract from Proc., Austra- 
lasian Inst. Min. Engrs.) (45) Serial beginning June. 

Vanadium Steel. William Gibbs. (10) June. 

The Electric Furnace the Iron and Steel Industry. Hooghwinkel. (Abstract 
pager read before the Sheffield Soc. Engrs. and Metallurgists.) (73) 
une 

The Microscope and Some its Applications Metallurgy.* Wirt Tassin. (Paper 
read before the Philadelphia Foundrymen’s Assoc.) (20) June 

and Steel Works Hanyang, Hupe, China.* Seltzer. (16) June 11. 

Thin-Lined Blast-Furnaces.* (20) June 16. 

Large Gas Engines Steel Works.* Bechtel. (Abstract paper read 
before the Birmingham Assoc. Mech. Engrs.) (20) June 16. 

Copper Converters with Basic Lining. Redick Moore. (16) June 25. 

Quantitative Investigation the Source Hydrogen Blast Furnace Gas. 
Wysor and Brown. (105) July. 

Continuous Pachuca Tank Agitation the Esperanza Mill.* Kuryla. 
(Paper read before the Inst. Minas Metal.) (105) July. 

Griiner’s Ideal Working Blast Furnace. Joseph Richards. (Paper read 
before the Inter. Cong. Min. and Metal.) (105) July. 

Electrostatic Separation Minerals Ores.* Henry Wentworth. (16) July 

Recent Improvements the Construction the Open-Hearth Furnace.* 
Friedrich. (Paper read before the Inter. Cong. Dusseldorf.) (22) July 

Note sur des Souffleries Rotatives aux Hauts Fourneaux. Gouvy. 


Apr. 
Notes Quelques Laboratoires Allemands Belges.* Arnou. 
(93) June. 


Illustrated. 
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Metallurgical—(Continued). 

Métallographique des Scories Fer l’Acier.* Matweieff. (93) 
une. 

Ural.* (50) May 18. 

Ueber die theoretische und praktische Bedeutung des elektrischen 
Carl Brisker. (50) June 22. 


Stand der Elektrostahlverfahren.* Neumann. (50) 
une 


une 
Ueber Weissblecherzeugung.* Clement. (50) July 


Military. 
Design and Construction Artillery Wheels.* (12) July 


Mining. 


Hydraulic Dredging for Gold-Bearing Gravels.* Henry Granger. (56) Vol. 40. 

Pressure-Fans vs. Exhaust-Fans. Audley Stow. (56) Vol. 40. 

The Coal-Mines and Plant the Stag Cafion Fuel Co., Dawson, M.* Jo. 
Sheridan. (56) Vol. 40. 

Conditions and Costs Mining the Braden Copper-Mines, Chile. William 
Braden. (56) Vol. 40. 

The Geology, Mining, and Barite Washington County, Missouri.* 
Steel. (56) Vol. 

The Barometric and Conditions the Time Dust-Explosions the 
Appalachian Coal-Mines.* Mannakee. (56) Vol. 40. 

for the Removal Slate from Coal.* Ayres. (56) 

Modern Progress Mining and Metallurgy the Western United States. David 
Brunton. (56) Vol. 40. 

The Ruble Hydraulic Elevator.* McD. Porter. (56) Vol. 40. 

Modern Practice Ore-Sampling.* David Brunton. (56) Vol. 40. 

Detection and Estimation. Thomas Gray. (59) 

ol. 

Electrical Safety System for Use Mines.* Fisher. (77) May. 

The Tube-Mill Circuit and Classification. Smart. (Abstract paper read 
before the Chem., Met. and Min. Soc. South Africa.) (105) May. 

Automatic Protective Switchgear for Colliery Service.* Wedmore. (Abstract 
from Trans., Inst. Min. Engrs.) (73) May 

Electricity Colliery Sinking Operations.* (26) May 

Storage Batteries Colliery Work.* Glynn Williams. (Paper read before the 
Inst. Min. Elec. Engrs.) (22) May 

Cost Dredging Russia and Siberia (Gold). Shockley. (103) May 

Outbursts Gas Coalmining. (From Zeit. fiir Berg-, Hutten-und Salinenwesen.) 
(57) beginning May 13. 

Some Notes Methods Constructing Concrete Lined Shafts.* (86) May 18. 

Evolution Mine Haulage.* (45) Serial beginning June. 

Current Pumps for Mining.* Frank Reed. (45) June. 

Mining Royalty Basis.* Lucius Wittich. (45) June. 

Storage-Battery Extension Three-Phase Colliery Power Plant.* William 
Maurice. (Paper read before the Inst. Min. Engrs.) (22) June (57) 


June 

Electrically Driven Pumping Plants.* (12) June 

Use the Terry Core Drill Mine Operations.* (16) June 

Sinking the Woodward No. Shaft.* Norris. (16) June 

Steam-Driven Transmission System.* (27) June 16. 

The Sinking and Equipment the Littleton Collieries.* Bailey, Inst. 
(Paper read before the South Staffordshire and Warwickshire Inst. 
Min. Engrs.) (57) June 17; (22) June 10. 

Analysis the Coal Dust Problem. Audley Stow. (16) June 18. 

Reclaiming Flooded Drift Mines Alaska.* Lanagan. (103) 18. 

Los Pilares Mine, Nacozari, Mexico.* Courtenay DeKalb. (103) June 

Leinweber Extracting Oil from Wells.* Talbot. (16) 
June 18. 

Method Working Steep Coal Seam. Austin Hoy. (16) June 25. 

Mining Miami, Arizona.* Herrick. (45) July. 

Mine Resistance. Thomas Fitch, Jr. (Paper read before the West Virginia 
Coal Min. Inst.) 

The Beaver Brook Breaker.* Truman Dodson, Jr. (45) July. 

Electric Rope Haulage.* Vickery. (45) July. 

Deep Pumping the Comstock.* (45) July. 

Electricity West Virginia Mines.* Neil Williams. (16) July 

Less Known Gold Dredges California.* Knox. (103) July 

Stoping Homestake Mine South Dakota.* John Tyssowski. (16) July 


Tllustrated. 
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Mining 


Gold Dredging and Rock Crushing California.* George Bowers. (14) July 16. 

Mining Coal with Explosives.* Munroe and Clarence Hall. (Abstract from 
Bul., Geol. Surv.) (19) July 16. 

Copper Mining Metcalf District, Arizona.* Peter Scotland. (16) July 16. 

Surface Condenser Mine Power Plants.* Macleod. (16) July 16. 

Station d’Essais Liévin.* Taffanel. (32) Mar. 

Distribution par Courant Continu Série dans les Mines.* (33) Apr. 30. 

uly 

Versuche mit verschiedenen Bohrlochauskleidungen.* Emperger. (78) 

Serial beginning July 


Miscellaneous. 


Precarious Expedients Engineering Practice. John Assoc. 
Am. Soc. (54) Vol. 67. 

Exhibits Buenos Ayres’ Exhibition.* beginning 

Limitations Efficiency Engineering Education.* George Fillmore Swain. 
(Paper read before Union Univ.) (13) May 12. 

Earthwork Shrinkage, Application and Amount. Espenshade. (86) June 

Allowances for Interest, Engineering and Contingencies. (14) 25. 

Formule for the Design Gravity Retaining Walls.* W.H. Rose. (100) July. 

The Necessity for Standardizing Contract Forms. Walter Creuzbaur. (Paper 
National Assoc. Comptrollers and Accounting Officers.) 

uly 

Tables pour Calcul Poussée des Terres.* Roman. (31) 1910, Pt. 

L’Ultra-Microscope Cinématographe.* Comandon. (32) Mar. 

pr. 

Grand Inventeur: Sir Henry Bessemer.* Chatelier. (93) May. 


Toronto Pavements.* Rust. (99) Vol. 16. 

Pavements and Their Grade Limitations the Borough the Bronx. 
Thompson. (99) Vol. 16. 

Paving Practice with Respect Crowns Roadway Pavements and Concrete 
Foundations.* George Warren. (99) Vol. 16. 

Storm Drainage Street Intersections.* Weatherford. (99) Vol. 16. 

for Wood Block Pavements. James Nisbet Hazlehurst. (99) 

ol. 


Bituminous Pavements Macadam Base.* Linn White. (99) Vol. 16. 

now being Laid Boise, Idaho. Marcellus. 
ol. 

Three Years’ Experience with Oiling Roads.* Frederick Reimer. (99) Vol. 16. 

Some Asphalt Paving and Some Present Needs. Harry Tipper. 
(99) Vol. 

Coal Tar for Road Making. Wynne-Roberts. (Abstract paper read before 
the Soc. Engrs.) (66) May (104) Serial beginning July 

The Planning Undeveloped City Areas. Nelson Lewis, Am. Soc. 
(Paper read before the Conference City Planning.) (13) May 12; (14) 
May 14. 

Standard Specifications for Underground Construction Adopted the City 
Seattle, Washington.* Estep. (13) May 12. 

Up-to-Date Roads.* Wynne-Roberts, Inst. (Paper read before 
the Soc. Engrs.) (104) May 13. 

The Use Tar Roads.* Whittaker. (Paper read before the Amer. 
Gas Inst.) (83) May 16. 

Few Remarks Regard Surface-Spraying Roads with Tar and Making 
Situ Tar-Macadam. Aitken, Inst. (104) May 20. 

Road Construction and Maintenance. Grantham. (Paper read before the 
Surveyors’ Inst.) (104) May 20. 

Specifications for Oiling Roads New York State. (96) May 27. 

Road Maintenance. William Menzies. (Paper read before the Surveyors’ Inst.) 
(104) May 27: (86) June 22. 

Chicago’s Smoke Problem.* Paul Bird. (4) June. 

Brick Paved Highways.* Blair. (Paper read before the National Brick 
Mfrs.’ Assoc.) (60) June. 

The Steam Roller Roads, and the Management and Care Steam Road Rollers. 

86) June 

Improvements.* Geo. Ross. (Paper read before the Ontario Land Sur- 
veyors.) (96) June 10. 

Comparative Cost Macadam and Stone Block Pavements Belfast, Ireland. 
(86) June 15. 
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(Continued). 


Comparison the Specifications for Creosoted Wood Paving Blocks Fourteen 
American Cities. (86) June 15. 

Public Lighting from Municipal Point View.* Jacques Abady, Mech. 
(Paper read before the Inst. Gas Engrs.) (66) June 21; (73) July 

Life Wood Block Pavement Hampstead, England. 

une 

The Construction Sand-Clay Roads Western Kansas. Gearhart. (Ab- 
paper read before the Missouri Highway Engrs.’ Assoc.) (13) 
une 

Specifications for Wood Block Paving for Richmond Road Viaduct, Ottawa, Ont. 
(96) June 30. 

Notes Road Building Cuba.* Mason Patrick. (100) July. 

Motive Powers for Municipal Engineers. Arthur Collins, Inst. 
read before the Inc. Assoc. Mun. and County Engrs.) (104) July 

Chicago Waste Disposal System.* (14) July 

Improved Design with Novel Form Front Truck.* (13) 
uly 

Appareils Goudronner, systéme Lassailly.* Moreau. (92) Jan. 

Systéme Goudronnage des Routes, par Vinsonneau.* Moreau. (92) Jan. 

Note (43) Rouleaux Compresseurs avec Moteurs Mélange Tonnant.* Bret. 

ar. 

Seine.* Hénard. (33) May 


Der neue Bebauungsplan fiir Chicago.* Werner Hegemann. (51) 
ning May 18. 


(Paper 


Serial begin- 


Railroads. 


The New York Tunnel Extension the Pennsylvania Railroad.* Charles Ray- 
mond, Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the North River 

Division.* Charles Jacobs, Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the East River 
Division.* Alfred Noble, Past-Pres., Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; Meadows Division 
Harrison Transfer Yard.* Temple, Am. Soc. (54) 
Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the Bergen Hill 
Tunnels.* Lavis, Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the North River 
Tunnels.* Hewett and Brown, Members, Am. Soc. (54) 
Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the Site the 
Terminal Station.* George Clarke, Am. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the Cross-Town 
Tunnels.* James Brace and Frarcis Mason, Members, Am. Soc. (54) 
Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the East River 
Tunnels.* Brace, Francis Mason, and Woodard, Members, 
Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the Terminal 
Station-West.* Cresson, Jr., Am. Soc. (54) Vol. 68. 

Driving Headings Rock Tunnels.* Saunders. (56) Vol. 40. 

Reliable Steel Rail and How Make it. James York. (56) Vol. 40. 

Determination Train Resistance.* Wenger. 1909. 

Report the Use Steel: Special Steels (Countries belonging the ‘‘Verein 
Deutscher Subject for Discussion the Eighth 
Session the Railway Congress. Otto (88) Apr. 

Report the Operation Switches and Signals (Holland); Subject for Dis- 
cussion the Session the Railway Congress.* Dufour. 

88) Apr. 

Rail-Joints (France, Belgium, Italy, Spain and Portugal) Subject for 
Discussion the Eighth Session the Railway Congress.* Chateau. (88) 
Apr. 

Improvements Locomotive Boilers (Austria-Hungary, Rumania, Bul- 
garia, Servia and Turkey); Subject for Discussion Eighth Session the 
Railway Congress.* Johann Papp. (88) Apr. 

Report Rail-Joints; Subject for Discussion the Session the Rail- 
way Congress.* Blum. (88) Apr. 

The Panama Railroad and its Relation the Panama Canal.* Ralph Budd. 

Apr. 

Belgium, Italy, Spain and Portugal) Improvements Loco- 
motive Boilers; Subject for Discussion the Eighth Session the Railway 
Congress.* Dassesse. (88) May. 
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Railroads—(Continued). 


Report (Austria, Hungary, Bulgaria, Rumania, Servia and Turkey) Strengthen- 
ing the Track with View Increasing the Weight Locomotives and the 
Speed Trains; Subject for Discussion the Eighth Session the Railway 
Congress. Hermann Rosche. (88) May. 

Report (Austria, etc.) Subject for Discussion the Ses- 
sion the Railway Congress.* Kramer. (88) May. 

Report (America) Large Stations; Subject for Discussion the Ses- 
sion the Railway Congress.* Jaggard. (88) May. 

Report (Russia) Improvement Locomotive Boilers; Subject for Discussion 
the Highth Session the Railway Congress.* Noltein. (88) May. 
Report (Russia) Improvements Locomotive Boilers; Subject for Discussion 
the Highth Session the Railway Congress.* Atochine. (88) May. 

The Railways Brazil. Lionel Wiener. (10) Serial beginning May. 

Freight Handling Electrical Machinery.* McL. Harding. (98) 

ay. 

The Safe Transportation Explosives and Other Dangerous Articles.* 
Taylor. (98) May. 

Heavy Tank Engines.* (21) May. 

The Big Signal-Box York; North-Eastern R.* (21) May. 

Mallet Articulated Locomotives; Southern Pacific Co.* (21) May. 

Stresses Developed Collisions Freight Cars.* Dunn. (65) May. 

High-Tension Single-Phase Railway.* (27) 

Recent Development American Locomotives. (12) May 13. 

Snow Removal Steam Heat.* (15) May 13. 

Mallet Locomotive for the Burlington.* (15) May 13. 

Combination Lock and Block and Automatic Signals for Single-Track Sections, 
Central New England Ry.* (18) May 14. 

Air Pump and Main Reservoir Capacity for Freight Service.* Langan. 
(Abstract paper read before the Air Brake Assoc.) (18) May 14. 

The Pennsylvania Railroad Terminal New York.* (19) May 14. 

Specifications for Air Signal Hose (Penn. R.R.) (15) May 20. 

Tests Determine the Effect Low Temperatures Air Brake Hose and Coup- 
ling Gaskets.* Hatch. (Abstract paper read before the Air Brake 
Assoc.) (15) May 20. 

New Union Passenger Station, Winnipeg.* (14) May 21. 

Way Improvements and Methods, New York Central R.R.* (18) 
May 21. 

Air Pump Piping.* (Abstract report the Air Brake Assoc.) (18) May 21. 

British Trackless Trolley Line.* -(18) May 21. 

Valuation the Puget Sound Electric Railway. Henry Gray, Assoc. Am. 
Soc. (86) May 25. 

The Necessity Depreciation Reserves. Henry Gray, Assoc. Am. Soc. 
(15) May 27. 

Mallet Articulated Compound Locomotive for the Delaware Hudson Co.* (15) 
May 27; (25) June; (47) July (18) June 18. 

Expansion Locomotive Boiler Sheets.* (15) May 27. 

Heavy ft. in. Gauge Locomotive.* (21) June. 

Reversible Working, London Bridge; L., Brighton and R.* (21) June. 

Manganese-Steel Crossings.* (21) June. 

Steel Frame Box Cars, Canadian Pacific Railway.* (25) June. 

Test Locomotive Driving Wheels.* Hancock. (25) June. 

Heavy Articulated Locomotives, Northern Pacific Railway.* (25) June. 

Railroad Shop Layouts.* Kingsley. (25) June. 

The Mechanical Principles Brennan’s Mono-Rail Car. Eddy. (3) 
June. 

Electro-Mechanical Locomotives.* Chalkley. (10) June. 

Locomotive Headlights.* Benjamin. (61) Apr. 19. 

Inequality Expansion Locomotive Boilers and the Possibility Eliminating 
the Bad Effects Therefrom.* MacBain. (65) June. 

Tests Locomotive Using Superheated Steam; Atchison, Topeka and Santa 
Railway.* (13) June (18) Serial beginning May 28; (25) June. 

Care and Handling Equipment, New York Central Hudson River.* 
Lister. (15) June 

Removable Driving Box Bearing.* (15) June 

The San Diego Arizona Ry.* (18) June 

The Average Car-Mile Cost Operating Seventy-Five Electric Railways New 
York State, Second District. (86) June 

The Successful Locomotive Mechanical Stoker: Pennsylvania Lines West Pitts- 
burgh.* (15) June 10. 

The Principles Governing the Arrangement Automatic Block Signals. 
Arkenburgh. (15) June 10. 


Tllustrated. 
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Railroads— (Continued). 


Car Weights Affecting Operating Costs.* Ayres. (Abstract paper read 
Amer. St. and Interurban Ry. Eng. Assoc.) (96) Serial beginning 
une 

Autogenous Welding Railway Shop.* Jacobs. (15) June 17. 

Curve Easements; Present Practice. (15) June 17. 

Relining Compound Curves.* Wilms. (15) June 17. 

Tonnage Rating for Fast Freight Trains.* Van Zandt. (15) Serial be- 
ginning June 17. 

Units for the Erie and Chicago Great Western Railroads.* (18) 
une 

Locomotives for the Norfolk Western Ry.* (18) June 18; 

uly. 

Some Suggestions for Economical Track Maintenance and Construction.* Martin 
Schreiber. (17) June 18. 

The Winnipeg Railway Terminal Elevated Passenger Yard.* (14) June 18. 

The New Chicago Station the Chicago and North-Western Ry.* (14) June 
18; (15) July 15. 

120-Ft. Turntable for Handling Mallet Locomotives with Their Tenders; A., 
Ry.* (13) June 23; (15) July 

The Terminal Controversy St. Louis. Samuel Dunn. (15) June 24. 

Locomotives the Brussels Exhibition.* (12) Serial beginning June 24. 

Stokers. (Report to. the Amer. Ry. Master Mechanics Assoc.) (18) 
June 25. 

Methods and Costs Railroad Surveys Bolivia.* Bock. (14) June 25. 

Traffic and Physical Development Iowa Railroad.* (17) June 25. 

The Block Signal Question. James Brandt Latimer. (13) June 30. 

Economy Car Operation.* Cyril Hopkins. (42) July. 

Front End Tests; Results Series Tests the Locomotive Testing Plant 
Altoona.* (25) Serial beginning June; (15) July 15. 

and Consolidation Type Locomotives, Chicago Northwestern Railway.* 
(25) July. 

Tabular Comparison Notable Examples Recent Locomotives, Arranged with 
Respect Total Weights. (25) July. 

Freight Train Resistance, its Relation Average Car Weight.* Edward 
Schmidt. (Paper read before the Amer. Ry. Master Mechanics’ Assoc.) 


(25) July. 
The the Electric Locomotive.* Storer and Eaton. (42) 
uly. 


Headlight Tests.* Francis Harding and Topping. (42) July. 

Steam Heating for Railway Carriages.* (21) July. 

Pacific Type Locomotives, Class 10; Belgian State Railway.* (21) July. 

Standard Permanent Way; North Railway.* (21) July. 

The Barsi Light Railway.* (21) July. 

Phonopore Telephones.* (21) July. 

The Brewster Shops the Wheeling Lake Erie.* (15) July 

Crampton Locomotives.* (12) July 

The Electrification the Lapland Railway.* (11) July 

The Arica-La Paz Railway. (14) July 

Winnipeg, Selkirk Lake Winnipeg Interurban Railway.* (17) July 

The Latest Development Car Wheels for Electric Railways.* Yarnell. 
(Paper read before the St. Ry. Assoc. State Y.) (17) July 

Railway Motor Gears and Pinions. Williams. (Abstract paper read be- 
fore the St. Ry. Assoc. the State Y.) (17) July 

Standardization Track Construction Paved Streets. Benjamin Tilton. (Ab- 
paper read before the St. Ry. Assoc. the State Y.) (17) 
July 

Recent Developments Multiple-Unit Control and other Electric Railway Ap- 
paratus.* Clarence Renshaw. (Abstract paper read before the St. Ry. 
Assoc. the State Y.) (17) July 

Railway Signal with Illuminated Background.* Wisner, Jr. (Abstract 
paper read before the Ry. Signal Assoc.) (13) July 

Railless Traction. England. (Abstract paper read before the Tramways 
and Light Rys. Assoc.) (73) July 

The Single-Phase Railway between Rotterdam, the Hague and Scheveningen.* 
Van Langendonck. (15) July 

Steel Freight Car Construction.* Seley. (15) July 

Copper River Northwestern Railroad, Alaska.* Storm. (16) July 

Method and Cost Raising Embankment and Filling Trestles Using Steam Shovel 
and Hart Convertible Cars with Lidgerwood Unloader. (86) July 13. 

Australia’s Railway System and Some its Problems.* Jas. Alex. Smith. (Ab- 
stract paper read before the Victorian Inst. Engrs.) (13) July 14. 
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New Tank Car.* (15) July 15. 

New Shops the Central Georgia Ry., Macon, Ga.* (18) July 16. 

The 1200-Volt Interurban Lines the Milwaukee Electric Railway Light 
Company.* John Hewett. (17) July 16. 

The Elementary Theory the Gyroscope the Brennan Monorail Car.* Edward 
Huntington. (13) July 21. 

the Washington Street Tunnel under the Chicago River.* (13) 
uly 

Steam Turbine Electric Locomotive.* (15) July 22. 

Shops the National Trans- Continental, Winnipeg, Canada.* 

uly 

Note sur les Progrés Réalisés dans des Enclenchements.* Pierre 
Lefort. (43) Mar. 

Note sur Locomotive Bertry.* Anglés-Dauriac. (43) Mar. 

Les Trains Automobiles Propulsion Continue.* Doniol. (38) May. 

Locomotive Tender Compound Deux Cylindres Inégaux Six Roues Couplées 
pour Voie d’un Métre.* Séguéla. (38) May. 

Note sur Ligne Djibouti Addis-Abeba.* Godfernaux. (38) June. 

Nouvelle Chaudiére Foyer Tubes d’Eau sur Locomotive Grande 
Vitesse 2.741 Compagnie Nord.* Koechlin. (38) June. 

Les Chemins Fer Electriques Autriche-Hongrie.* (33) June 18. 

Note sur Matériel Compagnie Internationale des Wagon-Lits des Grand 
Express Européens, Construit 1872 (38) July. 

Chemins Fer Rio Grande Sud (Brésil).* Lionel Wiener. (38) July. 

Etat Actuel des Travaux Chemin Fer des Alpes Bernoises 
berg-Simplon).* Ch. Dantin. (33) July 

Der Tunnel unter dem Aermelkanal. Paul Konta. (81) Pt. 

Gleislose elektrische Bahnen. Heller. (48) Apr. 30. 

der New York, New Haven und Hartford-Bahn.* 
Meyer. (48) Apr. 30. 

mit Dampf- und Pressluft-Betrieb.* (102) 

Einschienenbahn und Barkhausen. (102) Serial beginning 
May 

der Staatsbahnen.* Busse. (102) June 

Der neue Zentralbahnhof Pilsen.* Basta. (102) Serial beginning June 15. 


Die Istvantelek der ungarischen Staatseisenbahnen.* und 
(102) Serial beginning June 15. 
Die Lokomotiven auf der Weltausstellung Briissel, 1910.* Metzeltin. (48) 
July 


Railroads, Street. 


The Construction Street Railways and Pavements About the Tracks.* John 
Ambler. (99) Vol. 16. 

Tee Rails Paved Streets.* Hegarty. (99) Vol. 16. 

Equitable Charges for Tramway Supply.* Yerbury. (77) May. 

South London Subways; Details the Elephant and Castle Scheme.* (104) 
May 

Track Standards and General Rules—Department Maintenance Way—Metro- 
politan Street Railway.* (17) May 14. 

Painting Practice London Underground Railways. (17) May 21. 

Electrical Department the Metropolitan Street Railway, New York.* (17) 
Serial beginning May 21. 

Passenger Traffic Handling Trains the Manhattan Terminal the 
Brooklyn Bridge.* (13) May 

Influence Tramways Street Wynne-Roberts. (Paper read 
before the Inc. Assoc. Mun. and County Engrs.) (104) May 27; (86) 
June 29. 

Reconstruction Part the Manhattan Elevated Railway.* (14) May 28. 

Low Tension Feeder Systems for Street Railways.* Rice. (4) June. 

Chicago Traffic Conditions the Congested District.* (14) June 

Brooklyn Line Department, the Novel Iron-Bar Overhead Construction.* 
June 

Replacing and Depressing the Manhattan Elevated Railway.* (14) June 11. 

The Treatment Depreciation Street Railway Properties. Frank Ford. 
(Paper read before the Amer. St. and Interurban Ry. Assoc.) (86) June 15. 

Speed Control Signals the Interborough.* Waldron. (Abstract paper 
read before the Ry. Signal Assoc.) (15) June 17. 

Center Side Door Steel Cars for New York Subway.* (17) June 18. 
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Railroads, Street— (Continued). 


Department, Special Overhead Work Movable Bridges.* (17) 

une 

Brake Shoe Standardization.* Panton. (Abstract paper read before the 
Tramways and Light Railways Assoc.) (73) June 24. 

Method for Determining the Adequacy Electric Railway System.* 
Harris. (42) July. 

Power Economy Electric Railway Operation, Coasting Tests the Manhattan 
Railway, New York.* St. Clair Putnam. (42) July. 

The Paris Metropolitan Railway.* (12) July 

Reinforced Concrete Foundations for Track.* (17) July 

Notes Durham, (Durham Traction Co.)* (17) July 

and Operating Features the Winnipeg Electric Railway.* (17) 
uly 

Subway. (Abstract.) Bion Arnold. (15) July 22; 

uly 
Report Pittsburgh Conditions.* (17) July 23. 
Efficiency Features Construction and Maintenance.* 
uly 23. 

Métropolitain Paris, Traversée Seine par Ligne No. Parties 

Exécutées Bouclier par Congélation.* Calfas. (33) May 21. 


Die und der elektrische Schnellbahnverkehr.* (51) Serial beginning 


Sanitation. 


The Improved Water and Sewage Works Columbus, Ohio.* John Gregory, 
Am. Soc. (54) Vol. 67. 

Disinfection Sewage and Sewage Effluents. Earle Phelps. (99) Vol. 16. 

Materials for Sewer Inverts.* Edward Rankin. (99) Vol. 16. 

and Disposition the By-Products.* Charles Wheelwright. 

ol. 

Public Sanitary Station Brookline.* Alexis French. (Paper read before 
the Boston Soc. Civ. Engrs.) (1) Apr. 

Public Sanitary Station Lawrence.* Arthur Marble. (Paper read before the 
Boston Soc. Civ. Engrs.) (1) Apr. 

Stipulations between the United States and the Passaic Valley Sewerage Com- 


Regarding the Discharge Sewage into New York Bay. (13) 


Glasgow Sewage Disposal.* (12) May 13. 
The Channel the Sanitary District Chicago.* Dart. (14) 
14. 

Sewerage and Sewage Disposal Works, Lichfield.* Chancellor. (96) May 27. 

The Maidstone Typhoid Epidemic.* William Mason. (28) 

Drain Tile and Drainage.* Post. (76) June. 

The Effect Sewage and Sewage Gases Concrete. Sidney Chambers. (Ab- 
paper read before the Concrete Inst.) (13) (14) May 14; 

une. 

The New Sewage Experiment Station the Massachusetts Institute Technology.* 
C.-E. Winslow and Earle Phelps, Assoc. Am. Soc. (13) June 

The Heat Supply Central Heating. Hoffman. (Abstract paper read 
before the National Dist. Heating Assoc.) (101) Serial beginning June 


(70) May. 
The New Sewerage System Louisville, Ky.; General Description the System.* 
(86) June 


The Metropolitan Sewerage Commission against the Discharge Treated Passaic 
Valley Sewage into New York Bay. (14) June 

Flushing the West Branch Bubbly Creek, Chicago.* (14) June 11. 

Sewage Pumping Plant Woodside, Long Island.* (14) June 11. 

Details the Design the Sewers Louisville, Ky.* (86) June 15. 

Individual Sewage Purification Plant.* (101) June 18. 

General Methods Constructing the Louisville Sewers with Some Data Costs.* 
(86) June 22. 

Degree Purification Sewage Screens and Grit Tanks and Methods and 
Costs Purifying Sewage Higher Degree than Fine Screens. Kuich- 
ling, Am. Soc. (Abstract from Report the City Rochester.) 
(86) June 22; (14) May 21. 

The Design and Working Modern Refuse Destructor. William Loveday. 
(Abstract paper read before the Inc. Assoc. Mun. and Co. Engrs.) (13) 
June 23; (47) July 

Methods Constructing 2723 Ft. the Northwestern Trunk Sewer, Louisville, 

y., with Some Ccsts.* (86) June 29. 

Typical Structural Details Large Concrete Sewer Work St. Louis, Mo., with 
Some Notes the Specifications.* (86) June 29. 

Septic Tank and Contact Beds for Treating the Sewage Cherryvale, Kan.* 
Worley, Assoc. Am. Soc. June 30. 
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Sanitation—(Continued). 


Central Station Steam Heating. Spencer. (Abstract paper read before the 
National Dist. Heating Assoc.) (64) July 

Methods Construction the Southern Outfall Sewer, Louisville, Ky., with Some 
Costs.* (86) July 

Drainage and Chemical Sewage Precipitation.* Murray. (96) 

New Sewers and Sewage Pumps Richmond.* (12) Serial beginning July 

Difficult Sewer Reconstruction.* (14) July 

Air-Venting Steam Heating Systems.* Charles Hubbard. (101) July 

Tests Milwaukee Refuse Destructor.* (14) July 16. 

Warm-Air Heating Analyzed.* Thompson. (101) Serial beginning July 16. 

Constructing Stream Crossings for Large Trunk Sewer.* (86) 
uly 

Cost Constructing Vitrified Pipe Sewers with Sulphur Joints. (86) 
uly 20. 

The Construction and Testing the Milwaukee Refuse Incinerator.* Samuel 
Greeley, Jun. Am. Soc. (13) July 21. 

Tourner.* Puech. (92) Jan. 

Quelques Chiffres Propos l’Hygiéne des Cantonniers. Becker. (43) Mar. 

Imperméabilisation l’Assainissement des Parquets par Mastic 
Pulvérifuges. Moreau. (92) May. 

Note sur Calcul Section des Egouts.* Aug. Mennes. (30) June. 


Structural. 


ol. 

Underpinning the Cambridge Building, New York City.* Kennard Thomson, 
Am. Soc. (54) Vol. 67. 

The Alkali Concrete. George Gray Anderson, Am. Soc. (54) 
ol. 

The New York Tunnel Extension the Pennsylvania Railroad; the Terminal Sta- 
tion-West.* Cresson, Am. Soc. (54) Vol. 68. 

The New York Tunnel Extension the Pennsylvania Railroad; the Site the 
Terminal Station.* George Clarke, Am. Soc. (54) Vol. 68. 
The Hammond Mining and Metallurgical Laboratory the Sheffield Scientific 

School, Yale University.* Louis Huntoon. (56) Vol. 40. 

Mild-Steel Tubes Compression and under Combined Stress.* William Mason. 
(75) 1909. 

Compound Stress Smith. (75) 1909. 

and Steel. Frank Neal. (Paper read before the Detroit Eng. Soc.) 

pr. 

Fused Portland Cement. Unger. (67) Serial beginning May. 

Quartz Silica Portland Cement Mixture. Sonntag. (67) May. 

Rigid Connection Shear Members. (From Concrete Engineering.) (98) May. 

Waterproofing Engineering Structures.* Joseph O’Brien. (Paper read 
before the Bost. Soc. Civ. Engrs.) (1) May. 

The Corrosion Iron and Steel.* Cecil Desch. (Abstract paper read 
before the West Scotland Iron and Steel Inst.) (47) May 

Proportions Chain-Rings.* Robson, Assoc. Inst. (11) May 

Method Sinking Curbed Foundation Wells Using Shields and Compressed 
Air with Some Notes Chicago ‘‘Caisson Armstrong. 
(Abstract from Iowa Engineer.) (86) May 11. 

The New Timber Treating Plant the Eppinger Russell Co. Jacksonville, 
Fla.* Grant Shipley. (13) May 12. 

The Analytic Calculation Concrete Arch.* Malverd Howe. (13) May 12. 

Putting Concrete Jacket Cracked Chimney.* (96) May 13. 

Underpinning 300-Ton Column Quicksand.* (14) May 14. 

New Buildings the Jones Laughlin Number Mill.* (14) May 14. 

Comparison Rented and Owned Concrete Mixers. (14) May 21. 

The Bryant Building Substructure.* (14) May 21. 

Action Sea Water Portland Cement.* O’Hara. (14) May 21. 

Cost the Concrete Balcony Floors the Lockport Power House, Chicago Drain- 
age Canal.* Sherman. (86) 25. 

Narrow Twelve-Story Building. Branne, Assoc. Am. Soc. (13) 
May 26. 

Some for Statically Indeterminate Members and Frames.* Mitchell. 
(13) May 26. 

Wearing Surfaces for Factory Floors. 28. 

Tests Concrete for Impermeability. (14) May 28. 

Sheet Steel Piling.* Springer. (10) Serial beginning June. 

Wood Preservation from Engineering Standpoint. Barnum. (4) June. 

Notes Concrete Construction.* Robert Cummings. (58) June. 

Proposed Standard Specifications for Architectural Concrete Blocks. (67) June. 


Illustrated. 
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Structural—(Continued). 


Successful Granolithic Floor Construction with Specifications 
for Mill Floors. (86) June (13) June 

Structural Economy.* Slater. (Paper read before the Inc. Assoc. Mun. 
and County Engrs.) (104) June 

Waterproofing and Concrete. (96) June 

German Standards for Delivery and Testing Portland Cement, Prepared the 
“Verein Deutscher Portlandzement with the Collaboration 


the Royal Testing Laboratory, Gross-Lichterfelde, 1909. Miffonis, tr. 
(96) June 


Concrete Tanks with Thin Walls.* (14) 

Construction Large Reinforced Concrete Grandstand.* (14) June 

Gas-Works Extensions Leigh-on-Sea; Reinforced Concrete Gasholder Tank.* 
Charles Hunt, Assoc. Inst. (Paper read before the Inc. Assoc. 
Mun. and County Engrs.) (66) June 

Long-Time Tests Concrete Sea Water. Poulsen. (Paper read before the 
Inter. Assoc. for Testing Materials.) (13) July 

Results Tests made the Louisville Sewer Commission Determine Im- 
permeable Mixtures for Concrete. (86) June 

Windsor Station Extension, Montreal, Q.* (96) June 10. 

Wrecking the Gillender Building, New York.* (14) June 11. 

Method Inspecting and Testing Cement for the Louisville Sewer Work with 
Costs.* (86) June 15. 

Piling and Trestling. Archibald. (Paper read before the Nova Scotia Soc. 
Engrs.) (96) June 

Novel Test for Resistance Corrosion.* (13) June 16. 

Standard Specifications for Concrete Reinforcement Bars Adopted the Associa- 
Steel Manufacturers. (13) June 16; (62) (15) 
une 

Concrete and Tile Floors with Two-Way Reinforcement.* (13) June 16. 

Modern Stucco Work. Albert Moyer, Assoc. Am. Soc. (14) June 18. 

Pneumatic Caisson Foundations, Whitehall Building, New York.* (14) June 18. 

Corrosion Industrial Ironwork. Warnes and Davey. (Abstract 
paper read before the Soc. Chemical Industry.) (66) June 21. 

Methods Stuccoing with Suggestions for Finishing and Coloring Stucco. Albert 
Moyer. (86) June 22. 

Methods Building the Foundations for Twenty-Story Building Down- 
town District Chicago.* (86) June 22. 

Reinforced-Concrete Locomotive Coaling Station 2000 Tons Capacity.* 
Ewell. (13) June 23. 

Bearing Metals.* Hague. (11) June 24. 

The New Standard Specifications for Cement.* Burchartz. (14) 
June 

Experiment Determine the Pressure Concrete upon Forms.* Ashley. 
(13) June 30. 

Manganese Steel Castings. Chr. Holth. (100) July. 

Underpinning the Astor Building, New York.* (14) July 

Steel Gasholder Tanks made with Bulging Sides.* Edouard Bonnet. (Paper read 
before the Soc. Tech. Gaz.) (66) July 

The Shea Theatre from Engineering Point View.* Oxley. (96) 
July 

Foundation Work the Municipal Building, New York.* (14) July 

General Features the Curtis Building, Philadelphia.* (14) July 

Methods and Making Test the Bearing Power Soil for Building.* 
(86) July 

The Condition the Steel the Gillender Building; Preliminary Report.* 
Maximilian Toch. (13) July 14. 

Testing Soil Below the Surface for Foundation Loads.* (14) July 16. 

Erection the Curtis Building, Philadelphia.* (14) July 16. 

Recent Investigations the Constitution Portland Cement.* Clifford Richardson, 
Am. Soc. (14) July 16. 

Wood Floor Supported Concrete Beams.* (14) July 16. 

The Effect Sea Water, Alkali Water and Sewage Portland Cement and 
Methods used for Counteracting the Same. D’Rohan. (86) July 20. 
Recherche Dosage d’un Béton Exécuté. Framm. (Paper read before 
blée Générale des Fabricants allemands Ciment Portland.) (84) May. 
Déformations Cercle Elastique.* Bonneau. (43) May. 

Formation Rouille.* Bresch. (93) June. 

beginning June. 

Normes allemandes pour des Fournitures des Essais Ciment 
Portland, Décembre, 1909.* (84) June. 

Versuche mit exzentrisch belasteten betoneisernen Maxmilian Ritter von 
Thullie. (79) Vol. 10. 


Illustrated. 
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Structural— (Continued). 


Versuche mit aus Hisenbeton und mit einbetonierten Stuttgart 
und Wien.* Fritz Emperger. (79) Vol. 

Zur Theorie des durchlaufenden Henneberg. (81) Pt. 

John Smeaton, der erste Forscher auf dem Gebiete der 
Quietmeyer. (81) Pt. 

Ein neues Betonpfahlgriindungsverfahren.* Joannini. (78) 23. 

Der umschniirte Beton.* Considére. (78) Apr. 23. 

Eisenbeton-Kontrollbalken.* Suenson. (78) Apr. 23. 

der Einsegnungshalle der Friedhofsneubauten Rostock- 
Damerow.* Gaugusch. (78) Apr. 23. 

Vorschriften fiir Eisenbetonbauten; die neuen Schweizerischen Vorschriften; Ver- 


gleich mit anderen Vorschriften, fiir Eisenbetonvorschriften. Erich 
Vossnack. (48) Apr. 30. 


Die Verwendung von Eisen Hochbau.* Fischmann. (50) May 11. 
Priifung erhitzter Schmotteziegel auf Druckfestigkeit.* (80) May 12. 
Die des Kiihlhauses auf dem Schlachthof Tilsit.* Th. Janssen. (78) 
Eine Zuschauertribune Eisenbeton.* Otto Rappold. (78) May 14. 
Rissbildung des Otto Graf. (78) Serial beginning 
Die Eisenbetonkonstruktionen dem Neubau der Bismarck-Realschule Stettin.* 
Weidmann. (78) May 14; (81) Pt. 
Beton mit Salzzusatz. Emperger. (78) May 14. 
Beitrag zur Berechnung der Biegungsspannungen Stein- und Betonkonstruk- 
tionen.* Carling. (78) Serial beginning May 14. 
Hochofen-Stiickschlacke zur Betonbereitung. Passow. (50) 
Neue Versuche Talbots mit Max Ritter Thullie. (53) 
May 20. 
Vorkommen und Verarbeitung des Molers.* (80) Serial begin- 
ning May 24. 
Knickformeln.* Th. Scharff. (51) Serial beginning June 
Graphostatische Berechnung von Konstruktionen aus (Biegung und 
Achsialdruck).* Bakker. (78) June 10. 
Brandprobe auf der Ausstellung.* (80) June 16. 
Die stadtischen Wien.* Franz Wejmola. (53) June 24. 
Die Priifung von Trass.* (From Mit. aus dem Kgl. Materialpriifungsamt.) (80) 
Serial beginning June 
Berechnung des Sechsfach Statisch Unbestimmten der 
neuen Unrat-Verbrennungsanstalt Hamburg-Barmbeck.* 
Max Bachner. (78) July 
Eisenbeton bei Unterbauten fiir Freitreppen.* Weidmann. 
(78) uly 
Die Verwendung von Eisen Hochbau. Fischmann. (51) July 


Topographical. 


Primary Traverse Work the Bronx Topographical Bureau, New York City.* 
Edward Holden, Am. Soc. (13) May 19. 


Water Supply. 


The Improved and Sewage Works Columbus, Ohio.* John Gregory, 
Am. Soc. (54) Vol. 67. 
Water Supply for the Lock Canal Panama.* Julio Sorzano, Am. Soc. 


(54) Vol. 67. 
Graphic Solution Kutter’s Formula.* Hewes and Joseph Roe. 
(56) Vol. 40. 


Comments Development and Operation Plants. Henry 
Doherty. (42) Dec., 1909. 

Some Recent Considerations Stresses High Masonry Dams.* Charles 
Morrison. (6) Jan. 

Raising Water its Own Energy.* Simpson Rice. (64) May. 

The Brattleboro Hydro-Electric Plant.* Lauriston Fredericks. (10) May. 

The Selection Boiler Feed Water. William Greth. (58) May. 

Tidal Power.* Horsnaill. (12) May 

Action St. Louis Water Metals and Alloys. Monfort. (Abstract 
paper read before the Amer. Water-Works Assoc.) (13) May 12. 

Hydroelectric Plant the Central Georgia Power Co. (14) May 14. 

Long-Distance Water Supply, Paso Southwestern Ry.* (18) May 14. 

Keokuk Hydroelectric Plant.* (27) May 19. 

The Roosevelt Dam.* (19) May 21. 

The Progress the Los Angeles Aqueduct.* (14) May 21; (103) May 14. 

Deoxidizing Water Prevent Corrosion Stecl Mains. (14) May 21. 


Illustrated. 
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Water Supply—(Continued). 

Hydroelectric Development the Illinois River.* (27) May 26. 

Field Work Locating Irrigation Ditch and Canal Lines. Albert Bartlett, 
Am. Inst. Min. Engrs. (13) May 26. 

Comparison the Characteristic Features Special and Stock Hydraulic Tur- 
bines. Birchard Taylor. (13) May 26. 

The Western High-Service Reservoir the Water Works Baltimore, Md.* 
Alfred Quick, Assoc. Am. Soc. (13) May 26. 

Notes the Design Radial Inward-Flow Hydraulic Turbine.* Claude Hill. 
(96) May 27. 

Some Extracts from and Notes upon Recent Report the Purification the 
Water Supply Sacramento. (96) May 27. 

Dams with Overhung Batter.* Robert Smith. (12) May 27. 

Deep Well Sunk Caisson.* (14) May 28. 

Design Reinforced Concrete Siphon.* Ralph Van Duyne. (14) 

The McCall Ferry Hydro-Electric Plant the Susquehanna River.* (14) May 28. 

Governmental Regulation Water Powers. Marshall Leighton. (28) June. 

Depreciation Water-Works Accounts, with Reference Uniform Reports. 
Harvey Chase. (28) June. 

Some Published Costs Tunnel Work the Los Angeles Aqueduct.* (86) June 

Hydroelectric Development the Niobrara River.* Palmer. (27) June 

Report the Proposed Board Water-Supply Pressure Tunnel Beneath New 
York City. (13) June 

Report the Lindsay Ozone Water Purification Plant, the Provincial Board 
Health Ontario.* (96) June 

Mechanical Gravity Filters. Humphreys. (Paper read before the Assoc. 
Water Engrs.) (104) June 

The Moodna Pressure Tunnel the Catskill Aqueduct.* (14) June 

Some Progress Data and Cost Driving the South Portal Heading the Elizabeth 
Tunnel, Los Angeles Aqueduct. (86) June 

Electric Irrigation Pumping Kansas.* Reybold, Jr. (27) June 

Cooling-Water Intakes from the Mississippi River for Two Power Stations.* John 
Hunter, Am. Soc. (Abstract paper read before the National Elec. 
Light Assoc.) (13) June 

The Mechanically Cleaned Filter.* (11) June 10. 

The Cost Reclamation Works. Newell. statement before the 
House Comm. Irrigation.) (14) June 11. 

The Hydroelectric Development the Great Western Power (14) 
Serial beginning June 11. 

Reservoir Outlets Earthen Embankments. George Yourdi, Inst. 
(Abstract paper read before the Assoc. Water Engrs.) (66) June 14; 
(14) July (104) June 24. 

Records Evaporation Obtained Different Stations Various Parts the 
United States. (13) June 16. 

Decision the Railroad Commission Wisconsin the Appleton Water-Works 
Case. (13) June 16. 

Failure Circular Tank New South Wales.* (13) 
June 16. 

The Metropolitan Water Supply. Bailey-Denton, (12) June 17. 

The Cost with Reference Rates and Rate Making. Daniel 
Mead. (Paper read before the Amer. Water-Works Assoc.) (86) June 22. 

Colorado Hydroelectric Installation.* (27) ‘June 23. 

Use Hypochlorite Connection with Pre-Filtration. Francis West. (14) 
June 25. 

Two Power-Plant Intakes St. Louis.* (14) June 25. 

The New Buffalo Water-Works Tunnel.* Lavis, Am. Soc. (14) June 25. 

Glenwood Hydroelectric Plant, Central Colorado Power Company.* (14) June 25. 

Operating Results, Cincinnati Water Purification Plant. (14) June 25. 

Methods and Cost Constructing Concrete Arch and Cast Iron Pipe Culverts, 
Day Labor, Illinois and Mississippi Canal. (86) June 29. 

Electric Pumping for Irrigation.* Alton Adams. (27) June 30. 

The Chaudiere Dam, Ottawa, Canada.* Douglas McLean. (13) June 30. 

Concrete Core Wall Moline Pool Dam Mississippi River Moline, 
Bassett, Am. Soc. (100) July. 

The Water Works Madison, Wis.* Ralph Birchard. (60) July. 

Hydro-Electric Developments and High Tension Practice. Percy Thomas. (100) 
Serial beginning July. 

Flow Water Curved Pipes.* John Eustice. (Paper read before the Royal 
Soc.) 

The New Cast-Iron Conduit the Syracuse Water Works.* (14) July 
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Water Supply—(Continued). 

The Laramie-Poudre Tunnel.* (14) July 

The Valley and Olancha Divisions the Los Angeles Aqueduct.* (14) 

Method and Cost Constructing Concrete Tunnel Lining with 80-Ft. Gravity 
Chute. (86) July 

Irrigation and Electric Energy, Hydroelectric Features Some the Projects 
the Reclamation Service.* (27) July 

Reinforced-Concrete Siphon for 65-Foot Head.* (14) July 

Wooden Water Pipes Australia. (101) July 

Colorado Hydroelectric Installation; the Boulder Generating Station the Central 
Colorado Power Company.* (27) July 14. 

Notes Water-Supply Havana, Cuba.* Winthrop Pratt. (13) July 14. 

The Relative Value Irrigating Waters.* Herman Stabler. (13) July 14. 

The Construction the Great Western Power Plant.* (14) July 16. 

Electricity Irrigation.* (27) July 21. 
L’Usine Hydro-Electrique Tuiliére sur Dordogne Distribution 
Electrique dans Région Sud-Ouest.* Albert Claveille. (43) May. 
L’Usine Hydro-Electrique d’Andelsbuch prés Bregenz (Tyrol).* Bidault des 
Chaumes. (33) May 

Stérilisation d’Alimentation Moyen Chlorure Chaux; Installa- 
tion Montréal (Canada).* Dupont. (33) May 

Epurateurs Pluie.* (35) June. 

Coups Belier dans les Conduites, Résultats d’Essais Expéri- 
mentale des Théories Alliévi.* Neeser. (Extract from Bul. tech. 
Suisse romande.) (37) June 30. 

Wie kann bei Schleusen mit Sparbecken der Betrieb beschleunigt 
Beyerhaus. (53) May 27. 

Die neuen Dreifach-Expansions-Pumpmaschinen des Hamburger Wasserwerkes.* 
Rud. (48) Serial beginning May 28. 

Das Rigasche Grundwasserwerk.* Badche. (52) Serial beginning May 31. 

Die der Hydroelektrischen Anlage Kinloch-Leven. Liersch. (48) 
une 11. 

Bemerkungen zur Allievischen Theorie der Druckschwankungen Rohrleitungen.* 
Braun. (97) Serial beginning June 20. 

Die Talsperre und das Ueberland Kraftwerk bei Straschin-Prangschin, Kreis 
Danziger Behrendt und Békenkamp. (48) June 25. 

Der internationale Walchensee-Wettbewerb.* Theodor Koehn. begin- 


ning July 

Waterways. 

Water Supply for the Lock Canal Panama.* Julio Sorzano, Am. Soe. 
(54) Vol. 67. 


Description the New Harbour, Wet Dock, and Graving Dock Avonmouth, 
Bristol, England, Showing the Most Modern Principles Construction and 


The Determination High Water Plane the Coast the 
United States.* Hughes and Otto von Geldern. (Paper read before the 
Tech. Soc. the Pacific Coast.) (1) Apr. 

The Harbor Problem: Report the (Western Soc. Engrs.)* 

The Applications Electricity the Panama Canal. (73) May 13. 

Method Lining Irrigation Canal with Cement Plaster, with Discussion 
Plaster Versus Lime and Cement Plaster. D’Rohan. (86) 
fay 

Condensed Facts the Panama Canal. (86) May 18. 

The Behavior Stream Carrying Sand and the Effect Sand the Measure- 
ment Bottom Velocity.* Murphy. (13) May 19. 

The Plant Schellingwonde, Holland.* Charles Slichter. 
(13) May 

Maximum Rate Discharge Streams North-Eastern United States. 
May 20. 

The Georgian Bay Ship Canal.* (11) May 20. 

Reinforced Concrete Dock.* Brown. (14) May 21. 

Some Notes Sliding Sluice-Gates, Charles River Basin, Boston-Cambridge, Mass.* 
Walton Sears. 26. 

Breakwaters and Jutland.* (11) May 27. 

Present Conditions Panama.* (12) Serial beginning May 27. 

Hydraulics the Chagres River. Henry Abbot. (9) June. 

The Problem; Kaw River. Herman Stabler, and Horatio Parker. (13) 


the Miah Maul Shoal Lighthouse.* Thomas Rout, Jr., and 
Arledge. (13) June 
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Experiments with Model the Gatun Spillway.* Edward Sherman, Am. 
Soc. (14) June 

The New York State Barge Canal.* (13) June 

Pontoon Method Subaqueous Concrete Construction.* (96) June 10. 

Borings for the Panama Dock with Table Costs.* 
Karnapp. (13) June 16. 

The Stockton, California, Diverting Canal.* (14) June 18. 

The Accumulation Shore Detritus during Off-Shore Wind. Gibson, 
Inst. (12) June 24. 

The New Harbour Works Constanza, Roumania.* Fr. Bock. (10) July. 

The Advisability Waterway Improvement. George Zinn. (100) July. 

The Gates the Illinois and Mississippi Canal.* Riché. (100) 

uly. 

Riverside Quay, Hull.* (12) July 

The Erie Canal.* Charles Prelini. (11) Serial beginning July 

Municipal Waterfront Improvements Oakland. (14) July 

Improvement Pier Construction, San Francisco.* (14) July 16. 

les Grandes Crues Seine Dix-Septiéme Siécle. Goupil. (43) 

ar. 

Note sur l’Amélioration Navigabilité Rhéne. Magnier. (43) Mar. 

Congrés International Navigation tenu Saint-Pétersbourg 1908: Rap- 
port des Délégués Francais sur les Travaux Congrés; Navigation 
Intérieure Russie.* Bourgougnon. (43) Mar. 

Différents Modes des Phares.* Bénard. (32) Mar. 

Remplacement des Seuils Bois des Passes Navigables (du Systéme Chanoine) 
Haute-Seine par des Seuils Béton Armé.* Imbs. (43) May. 

Nouvel Appontement Béton Armé sur Guadalquivir, prés Séville (Es- 
pagne).* Juan Manuel Zafra. (33) May 14. 

Dérocheuse Sous-Marine Port Trieste.* (33) June 

Vom Bau des Panama-Kanals.* Hans Raschka. (53) June 17. 

Die Schleusen- und Wehranlage der Weser bei Bremen. Oeltjen. (51) June 18. 
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MINUTES MEETINGS 
THE SOCIETY 


September 7th, 1910.—The meeting was called order 8.30 
M.; Vice-President George Pegram the chair; Charles Warren 
Hunt, Secretary; and present, also, members and guests. 

The minutes the meetings May 18th and June 1910, and 
the Annual Convention, were approved printed Proceedings 
for August, 1910. 

“Remedies for Landslides and Slips the Kanawha and Michigan 
Railway,” was presented the Secretary. 

The Secretary read letter from the Assistant Secretary the 
American Institute Mining .Engineers, announcing the coming 
meeting the Institute the Canal Zone from October 21st 
November 15th, 1910, and extending invitation members this 
Society attend the meeting. 
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MINUTES MEETINGS 


The Secretary announced the election the following candidates 
the Board Direction September 6th, 1910: 


ArcHIBALD Beprorp, San Diego, Cal. 

Byron Bryant, Chihuahua, Chih., Mexico. 
Lawrence Downs, Chicago, 

Foster Gapp, Hartford, Conn. 

Epwin Philadelphia, Pa. 

New York City. 

New Orleans, La. 

LeRoy Kempton Chicago, 

JAMES Hove, Sussex, England. 


Associate MEMBERS. 


San Diego, Cal. 

WILKENSON West Lafayette, Ind. 
WILLIS St. Joseph, Mo. 
Cor, Philadelphia, Pa. 

Barrows Cox, Sunnyside, Wash. 
Dunn, Water Valley, Miss. 
Winnipeg, Man., Canada. 
JENKINS Hayes, Helena, Mont. 

Joun Denver, Colo. 

JONATHAN JONES, Pittsburg, Pa. 

Ernest Omaha, Nebr. 

Grand Junction, Colo. 
Joun Munson, Colgate, Md. 

JoHN Murray, New York City. 
New York City. 

Ezra Porte, Ind. 

Roy Martin Jocko, Mont. 
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Salt Lake City, Utah. 
Tuomas Cary Tarver, Houston, Tex. 
Epwarp Zanesville, Ohio. 
Trott, Manitowoc, Wis. 

Joun Warner, Benton, Mo. 


ASSOCIATES. 


Cuntz, New York City. 


Key West, Fla. 
Henry Barnes, Jersey City, 
Harry Omaha, Nebr. 
New York City. 
Currey, Wagoner, Okla. 
Torris New York City. 
CHESTER GILLEPSIE, Oakland, Cal. 


Grannis, Ft. Worth, Tex. 
Irvin, Pittsburg, Pa. 
Morton Kinney, Pittsburg, Pa. 
Horace Mack, Aurora, 
Price, Lincoln, Nebr. 
Mason Kansas City, Mo. 
St. New York City. 
Henry Stamford, Conn. 
WuitMan, Jr., New York City. 


The Secretary announced the transfer the following candidates 
the Board Direction September 6th, 1910: 


Warrick Baltimore, Md. 
Guert Harrisburg, Pa. 

Joun Los Angeles, Cal. 
Joun Garrett, St. Louis, Mo. 

Joun Hoop, Jr., Baltimore, Md. 
Bates JENCKES, Worcester, Mass. 
LEFFLER, Cleveland, Ohio. 
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Henry Preston, Waterbury, Conn. 
Henry Pittsburg, Pa. 

THoMas JEFFERSON Pittsburg, Pa. 
New Orleans, La. 


From Junior Associate MEMBER. 


Epwarp Benton Harbor, Mich. 
Tokyo, Japan. 

Francis WINFIELD New York City. 
Ernest New Haven, Conn. 
Frep Berkeley, Cal. 

Bertram Houston, Tex. 


The Secretary announced the following deaths: 


Epwarp elected Member, September 7th, 1881; 


died June 10th, 1910. 

Jackson, elected Member, September 3d, 1884; died June 
30th, 1910. 

elected Member, October 7th, 1874; died July 
30th, 1910. 

JoHN Jay elected Member, September 3d, 1884; died 
August 1910. 

Henry Herman Jr., elected Member, May Ist, 1901; 
date death unknown. 

elected Member, September 2d, 1885; died 
May 22d, 1910. 

Rocer Brooke Irwin, elected Associate Member, May 3d, 1910; 
died May 23d, 1910. 

elected Associate Member, October 7th, 
1908; died June 20th, 1910. 

elected Junior, September 2d, 1902; 
Associate Member, October 2d, 1907; died July 7th, 1910. 

elected Associate Member, August 31st, 
1909; died June 16th, 1910. 

Norman elected Junior, October 6th, 1903; Asso- 
ciate Member, December 5th, 1906; died August 29th, 1910. 

SHANLEY, elected Associate, March 6th, 1907; 
died August 25th, 1910. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 


September 6th, Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Churchill, Kimball, Stuart, 
Talbot, and Thompson. 

Action was taken regard members arrears for dues. 

Ballots for membership were canvassed resulting the election 
Members, Associate Members, Associates, and Juniors, and 
the transfer Juniors the grade Associate Member. 

Sixteen Associate Members were transferred the grade 
Member. 

Applications were considered and other routine business transacted. 


Adjourned. 


MINUTES MEETINGS 399 
7 
7 


Ly 


we 


we 


4 
4 
| 
. 
q 


400 ANNOUNCEMENTS [Society 


ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


October 5th, M.—At this meeting paper entitled 
“The Tieton Canal,” Hopson, Am. E., will 


presented for discussion. 
This paper was printed Proceedings for August, 1910. 


October 19th, 1910.—8.30 M.—A paper Strouse, Am. 
E., entitled “The Reconstruction the Passenger Terminals 
Washington, C.,” will presented for discussion. 

This paper was printed Proceedings for August, 1910. 


November 2d, 1910.—8.30 this meeting paper entitled 
“The Arch Principle Engineering and Esthetic Aspects, and Its 
will presented for discussion. 

This paper printed this number Proceedings. 


November 16th, 1910.—8.30 M.—A paper Wadsworth, 
Am. entitled “The Failure the Yuba River Débris 
Barrier, and the Efforts Made for Its Maintenance,” will presented 
for diseussion. 

This paper printed this number Proceedings. 


SEARCHES THE LIBRARY 


January, 1902, the was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
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books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their technical nature, the 
opinion the Committee, ‘are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 
The following subscription rates have been fixed the Board 
Direction for the publications the Society: 
Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 


Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 


Proceedings, Vol. XXXIII, (January, 1907). 
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special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held the 
Palace Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. 
E., 623 Wells Fargo Buiiding. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly welcomed guest 
the Association any the above meetings, will notify the 


(Abstract Minutes Meetings) 


April 22d, 1910.—The meeting was called order; President 
Riffle the chair; Couchot, Am. E., acting 
Secretary; and present, also, members and guests. 

The Secretary read report the meeting the Board 
Directors April 1st, 1910, which the following business was 
transacted: 

Relative the matter amalgamation with other local engineer- 
ing societies, was decided that such amalgamation would detri- 
mental the interests the Association, although special joint meet- 
ings might arranged from time time. 

The Treasurer was instructed purchase another Western 
Railway bond. 

was decided issue circular letter urging upon the members 
the necessity for preserving their active interest the Association. 

The report was adopted unanimously. 

letter from Hunt, Am. E., was read the 
Secretary, outlining the programme the Convention the Ameri- 
Institute Electrical Engineers held from May 5th 


and inviting the members the attend the 
meetings. 
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The Secretary read letter from Otto von Geldern, Am. Soc. 
E., inviting the members present lecture, Mr. Herman 
Schussler, the present water supply San Francisco. 

President Riffle read letter from George Gray, Hon. Am. 
Soc. E., now his eighty-second year, expressing interest the 
welfare the Association, and regret being unable attend the 
meetings. 

the Yuba River Débris Barrier,” was presented the author, and 
discussed many present. 


Adjourned. 


June 17th, 1910.—The meeting was called order; President 
Riffle the chair; Thurston, Jr., Secretary; and present, also, 
members and guests. 

The Secretary reported that the desirability stimulating the dis- 
cussion Papers was considered meeting the Board 
Directors, and was decided call upon members individually from 
time time for the discussion papers which thought they 
are particularly interested. 

The Secretary announced that the Board Directors had decided 
that the Association would bear all expense incidental the illustra- 
tion, stereopticon, any papers presented, including the 
preparation the necessary lantern slides. 

paper Morton Tower, Am. Soc. E., “Results 
Obtained the Coos Bay, Oregon, Jetty,” was read the author, 
which described and discussed the later observed results the 
jetty construction forming the subject paper William 
Harts, Am. Soc. E., published Am. Soc. E., 
Vol. XLVI. The subject was discussed briefly. 


Adjourned. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Architekten-Verein Berlin, Wilhelmstrasse 92, Berlin 66, 
Germany. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 
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Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 


Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 


Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 


Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 


Engineers, 
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North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 


Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 


Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 


Rochester Engineering Society, Rochester, 


Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 


Sociedad Colombiana Ingenieros, Bogota, Colombia. 
Sociedad Ingenieros del Peru, Lima, Peru. 


Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 


Society Engineers, Victoria Street, Westminster, W., 
London, England. 


Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From August September 12th, 1910) 


DONATIONS* 
SEWERAGE. 


The Designing, Construction, and Maintenance Sewerage 
Systems. Prescott Folwell, Am. Soc. Sixth Edition, 
Revised and Enlarged. Cloth, in., illus., 506 pp. New 


John Wiley Sons; London, Chapman Hall, Limited, 1910. 


the preface the first edition this book, the author stated that was 
his aim produce work Sewerage which would embody the most recent data 
and ideas relating the subject, and treat both the Combined and Separate 
Systems comprehensive manner. attempt was made discuss length 
the subject Sewage Disposal. the preface this, the sixth, edition, 
stated that during the time since the first appearance the book, few modifications 
the ideas involved Sewer Design and Construction have been developed, the 
most important being due the increasing use concrete. These modifications, 
the author states, has endeavored incorporate into this edition. The chap- 
ters dealing with the subject Sewage Disposal have also been practically re- 
written. Parts and III, the Construction and Maintenance Sewers, are 
intended chiefly for those who may called upon superintend such work 
without previous experience, although hoped that they will aid those who are 
not novices. While primarily intended for practicing engineers, the subject-matter 
has been arranged, stated, textbook for engineering schools, Parts 
and having been used the author. The Contents are: Part Design- 
ing: The System; Amount Sewage; Flow Sewers; Flushing and Ventilation 
Collecting the Data; The Design; Detail Plans; Specifications, Contract, Estimate 
Costs. Part II, Construction: Preparing for Construction; Laying Out the 
Work; Oversight and Measurement Work; Practical Sewer Construction. 
Part III, Maintenance: House Connections and Drainage; Sewer Maintenance. 
Part IV, Sewage Disposal; Disposal Dilution; Methods Treatment. Index. 


Gifts have also been received from the following: 


Alexandra (Newport and South Wales) Chicago, Health. bound 
Docks Ry. Co. pam. vol., vol., pam. 
Am. Electrochemical Soc. vol. Cincinnati, Ohio-Water Dept. pam. 
Am. Inst. Chemical Engrs. bound Clarke, bound vol. 
vol. Colorado-State Board Health. pam. 
Am. Inst. Engrs. bound Colorado School Mines. pam. 
vol. Columbia Univ. vol. 
Am. Inst. Min. Engrs. bound vol. Conn.-State Highway Commr. bound 
Am. Iron and Steel Assoc. pam. vol., pam. 
Australia-Commonwealth Bureau Conn. State Library. bound vol., 
Census bound vol. 
vol. Cornell Univ. Club. bound vol. 
Baker Street Waterloo Ry. Co. Danzig Kgl. Technische Hochschule. 
pam. pam. 
Bangor, Me.-Water Board. pam. Denver Rio Grande Co. pam. 
Berlin Kgl. Technische Hochschule. Depew, Chauncey pam. 
pam. Egypt-Gen. Mer. State Rys. and Tele- 
Bibliotheek der Technische Hoogeschool graphs. pam. 
Delft. vol., pam. Paso, Tex.-City Engr. pam. 
Bilbao, Spain-Junta Obras del Puerto. Electric Railway Journal. bound vol. 
bound vol. Eng. News Pub. Co. bound vol., 
Boston, Mass.-City Auditor. bound vol., 239 pam., map. 
vol. Florida-R. Comm. pam. 
Boston, Mass.-Statistics Dept. pam., Fort, bound vol. 
bound vol. Furness Ry. Co. pam. 
Bradford, Pa.-City Clerk. vol. Georgia-R. Comm. pam. 
Cambrian Rys. Co. pam. Great Britain-Patent Office. vol. 
Central London Ry. Co. pam. Great Central Ry. Co. pam. 
Charing Cross, Euston Hampstead Ry. Great Northern City Ry. Co. pam. 
Co. pam. Great Northern, Piccadilly Brompton 
Charlotte, C.-City Engr. pam. Ry. Co. pam. 
Chemin Fer Métropolitain Paris. Great Northern Ry. Co. pam. 
pam. Great Western Ry. Co. pam. 


Unless otherwise specified, books this list have been donated the publishers. 
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Hannover Kgl. Technische Hochschule. 


pam. 
Harrisburg, Pa.-City Clerk. vol., 


pam. 

Haverhill, Mass.-City Engr. pam. 

Hering, Rudolph. vol. 

Hull Barnsley Ry. Co. pam. 

Illinois-Bureau Labor Statistics. 
bound vol. 

Illinois-Canal Commrs. pam. 

Illinois-R. and Warehouse Comm. 


pam. 

Illinois-Secy. State. pam. 

Illinois, Univ. of. vol., pam. 
India-Public Works Dept. pam. 
Indiana-R. Comm. pam. 

Inst. Marine Engrs. bound vol. 
Institution Civ. Engrs. bound vol. 
Inter. Creosoting Constr. Co. pam. 
Kentucky-R. Comm. bound vol. 
Kyoto Imperial Univ. pam. 

Lehigh Valley Coal Co. pam. 

Lehigh Valley Co. pam. 
Leland Stanford Junior Univ. pam. 
Liverpool Overhead Ry. Co. pam. 
Locomotive Club. pam 

England-Met. Water Board. 


Brighton South Coast Ry. Co. 


pam. 
London, Tilbury Southend Ry. Co. 


pam. 
Louisiana-State Board Health. vol., 
pam. 
Maine, Univ. of. vol. 
Manchester, England-Rivers Dept. 


vol. 

Maryland-Mine Insp. for Allegany and 
Garrett Counties. pam. 

Maryport Carlisle Ry. Co. pam. 

Mass.-State Forester. pam. 

Mass.-Tax Commr. bound vol. 

Dept. Health. bound 
vol. 

Mich. Coll. Mines. pam. 

Midland South Western Junction Ry. 
Co. pam. 

Midland Ry. Co. pam. 

Milwaukee, Wis.-City Engr. bound 
vol., pam. 

Municipal Engrs. the City New 
York. bound vol. 

Elec. Light Assoc. bound 
vol. 

National Fire Protection Assoc. pam. 

New Orleans, La.-Sewerage and Water 
Board. bound vol. 

New York City-Municipal Civ. Service 
Comm. bound vol. 

New York State-Bureau Town High- 
ways. pam. 

New York State-Comptroller. bound 


vol. 
New York State-Dept. Highways. 
pam. 
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New York State-Public Service Comm., 
First Dist. pam. 

New York City Record. bound vol. 

North, Edward bound vol. 

North London Ry. Co. pam. 

North Staffordshire Ry. Co. pam. 

Nova Scotian Inst. Sci. pam. 

Oberlin, Ohio-Water-Works Dept. 
am. 

Ohio State Univ. vol. 

Parsons, William Barclay. bound vol. 

Permanent Inter. Assoc. Road Con- 
gresses. bound vol., vol., 
pam. 

Pruyn, Francis pam. 

Randolph, Robert Isham. pam. 

Commrs. bound vol., vol., 


pam. 
Rhode Island-Commr. Forestry. 


pam. 

Rhode Board Public 
Roads. bound vol. 

Rhymney Ry. Co. pam. 

Ross, Elmer pam. 

St. Mo.-Water Commr. bound 


Smithsonian Institution. vol., pam. 

Soc. Minérale. vol. 

Svenska Teknologféreningen. pam. 

Swain, George pam. 

Switzerland-Abteilung fiir Landeshydro- 
graphie. pam. 

Sydney Univ. Eng. Soc. pam. 

Taff Vale Ry. Co. pam. 

Tennessee-State Geol. Survey. pam. 

Regulations Comm. 
vol. 

Tribus, Louis pam. 

Underwriters’ Laboratories Inc. pam. 

the Census. bound 

vol., pam. 

vol., vol. 

Academy. pam. 

Exper. Stations. pam. 

S.-Patent Office. vol. 

S.-Secy. War. vol. 

Victoria- -Dept. Mines. map, pam. 

Victoria-Sludge Abatement Board. 
pam. 

Virginia-State Corporation Comm. 
pam. 

West Virginia-Geol. Survey. pam. 

Western Australia-Dept. Mines. 
pam. 

Australia-Geol. Survey. bound 
vol. 

Wilson, Edward. vol. 

Wisconsin-Special Joint Committee 
Highways. pam. 

Wulsch, pam. 

Wyoming-State Coal Mine Insp. pam. 


PURCHASE 


Cours Machines Marines. Partie. Machines Alterna- 
tives Turbines Marines Moteurs Combustion Interne. Par Jauch 
Masméjean. Alté, Toulon, 1910. 
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The American Woods, Exhibited Actual Specimens and With 
Copious Explanatory Text. Romeyn Hough. Part XI, Repre- 


senting Twenty-Five Species Twenty-Five Sets Sections. 
Hough, 1910. 


Canals and Traders, the Argument Pictorial Applied the 
Report the Royal Commission Canals and Waterways. Edwin 
Pratt. King Son, London, 1910. 


Reports and Maps the West Virginia Geological Survey. Vol. 
The Acme Publishing Company, Morgantown, 1908-09. 

The Foundations Alternate Current Theory. Drys- 
dale. Edward Arnold, London, 


Cement Sea Water, Report the Trials, Commenced 1896, 
the Recommendation the Society Scandinavian Portland Cement 
Manufacturers. Jorgensen Co., Copenhagen, 1909. 


The Art Handbook Upon Aeroplanes and Their En- 
gines, With Notes Upon Propellers. Robert Brewer. 
McGraw-Hill Book Company, New York, 1910. 


How Build Aeroplane. Robert Petit. Van Nostrand 
Company, New York, 1910. 


SUMMARY ACCESSIONS 
(From August September 12th, 1910) 


Donations (including 175 duplicates) 
purchase 


Total 
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MEMBERSHIP 


ADDITIONS 
(August Ist September 13th, 1910) 


MEMBERS 

AVERY, FREDERICK 1457 Berwyn Ave., Chicago, 


WARRICK RIGELEY. Asst. Engr. Assoc. 
GARRETT, JOHN Pres., Missouri 

Bridge Iron Co., 1000 Fullerton Bldg., 
Hoop, Chf. Engr., The 


United Rys. Elec. Co., 1008 Continental Assoc. 
Trust Bldg., Baltimore, 
Chillon, Cleveland, Ohio............... 
Div. Engr., State Dept. Highways, 
MEADS, CHARLES. Pres., Charles Meads Co., 299 Broad- 
ASA Tremlett St., Dorchester, Mass... 


PRESTON, CHARLES HENRY, JR. Civ. and Cons. 
Engr., 136 Grand St., Waterbury, 

SAMUEL, GEORGE FREDERICK. City Engr., Hyde Park Hotel, 


SHERMAN, LERoy Asst. Engr., Sanitary Dist. 
Chicago, 1500 Trust Bldg., Chicago, 


Frep Chf. Engr., Scott Bros., Assoc. 


WHEELER, Engr. Constr., Y., 


R., 440 South Station, Boston, Mass. 


WILKERSON, THOMAS JEFFERSON. Asst. Engr.- 


Bridge Designer, Bureau Constr., 
Dept. Public Works, City Hall, Pitts- 


Epwarp. Secy., Am. Sec- 


tion, International Waterways Comm., 
328 Bldg., Buffalo, Y....... 
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Date 
Membership. 

May 31, 1910 
Sept. 1907 
Sept. 1910 
April 1900 
Sept. 1910 
May 1901 
Sept. 1910 
May 31, 1904 
1906 
Sept. 1910 
April 1904 
Sept. 1910 
Sept. 1910 
Sept. 1910 
May 1910 
Oct. 1907 
Sept. 1910 
Sept. 1910 
Sept. 1910 
April 1906 
Sept. 1910 
June 30, 1910 
April 1894 
Jan 1898 
Sept. 1910 
Jan. 1903 
1905 
June 30, 1910 
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ASSOCIATE MEMBERS 
ANDRESS, 1604 South Grand Ave., St. Louis, 
Guy Junior Engr., Engr. Office, 
CaLHouN, Cons. Engr., Jun. 
Nassau St., New York City............ 
CLEVELAND, Prin. Asst. Engr., New 
York State Dept. Health, Albany, Y........ 
Daty, With Johnson Carey Co., 
Railroad Contrs., Hockney Bldg., St. Paul, Minn.... 
JoHN Asst. Engr., Sales 
Scherzer Rolling Lift Bridge Co., 1616 Monadnock 
FITZRANDOLPH, WILLIAM SHEPPARD. Sloats- Jun. 
HALL, WARREN Asst. Engr., Porto 


Irrig. Service, Juana Diaz, Porto 


HAWLEY, Ray. Princeton, Va... 
Hays, WALKER. Hydr. and Irrig. Engr., 


JONES, JONATHAN. Structural Engr., 
MUNSON, JOHN Res. Engr. Constr., 
more Sewage Disposal Plant, for The New York 
Continental Jewell Filtration Co., Colgate, Baltimore, 
WALTER City Engr., Box 238, Tusca- 
Co., 1109 Flood Bldg., San Francisco, 
SHOECRAFT, City Engr., Porte, Ind..... 
SMOLEY, CONSTANTINE KENNETH. Prin. School Civ. 
Eng., International Correspondence Schools, Scran- 


Norton. Chf. Engr., The Bentley 

Sons Co., North Huron St., Toledo, Ohio....... 
EDWARD BALLINGER, JR. Div. Engr., Cincinnati 
Muskingum Val. Co., Zanesville, Ohio 


Assoc. 


Assoc. 


[Society 


Date 
Membership. 


May 
June 
Mar. 
Sept. 
Oct. 
May 
May 


May 


April 
Sept. 


April 
Sept. 


Feb. 
April 


May 


Sept. 


30, 
31, 


31, 


31, 


1910 


1910 
1908 
1910 
1908 
1910 


1910 


1910 


1910 


1910 
1906 
1910 


1907 
1910 


1907 
1910 


1910 


1910 


1910 


1910 


June 30, 

Sept. 1910 
June 30, 

June 30, 1910 

Sept. 1910 

Sept. 1910 
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ASSOCIATE MEMBERS (Continued) 
TINKHAM, RUSSELL. Designing Engr., 
Oct. 1905 
Trussed Concrete Steel Co.; Address, Assoc. Sept. 1910 
Hague Ave., Detroit, Mich............. 
ASSOCIATES 
WILLIAM Care, Goldschmidt Thermit Co., 

GUNTHER, CHARLES Prof. Math. and Head 

Dept., Stevens Inst. Technology, Hoboken, Sept. 1910 

JUNIORS 
BAINES, WILLIAM 569 Jersey Ave., Jersey City, 

BORNEFELD, CHARLES Asst. Engr. for Galveston 

County, 2509 Broadway, Galveston, Tex............ May 31, 1910 
CADWALLADER, WALLACE Asst. Engr., Elec. Traction 

Dept., R., 215 West 23d St., New York 

DRAGER, WALTER Westmont, Johnstown, Pa....... 
Harrop, Tom Ithaca, Mich.............. Feb. 1910 
CHARLES (Irvin Witherow), 212 Key- 

LYERLY, CHARLES ABNER, JR. 501 Oak St., Chattanooga, 

Harry The Nasby, Toledo, Ohio. Mar. 1910 
Ray WEBB. 149 Broadway, New York City.. June 30, 1910 
MANZANILLA CARBONELL, Justo. “H” (Ve- 

JAMES Francis. Asst. Engr., Board Water 

Supply New York City, Brown Station, Y.... May 31, 1910 
CHARLES JEROME. Asst. Engr., Board Water 

Supply New York City, No. New- 

Care, Paradox Valley Irrig. 

Henry. Res. Engr. for Leavitt, 

Jr., 161 Sound View Ave., Stamford, Conn........ Sept. 1910 
STANTON, ROBERT BREWSTER, JR. 249 North St., 

BENJAMIN. Asst. Engr., Cent. Ry. Co., 

MERLE. Genoa, Ottawa Co., Ohio...... May 31, 1910 
FRANK Chf. Party, Commrs. Sewer- 

age, 821 South St., Louisville, Ky.............. May 31, 1910 
DANIEL RISHEL. Care, Great Northern Ry. Co., 
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CHANGES ADDRESS 

MEMBERS 

BEARDSLEY,. JAMES WALLACE. 
Rico. 

BENTZON, ADRIAN BENONI. Civ. Engr. and Contr., Calle Corcovado 408 
Altos, Lima, Peru. 

WILLIAM 1147 Adams St., Dorchester, Mass. 

Harry CHESTER. Asst. Engr., A., Ry., Williams, Ariz. 

Brown, WALTER Care, Sierra San Francisco Power Co., Sonora, 
Tuolumne Co., Cal. 

BROWNELL, Civ. Engr., N., Navy Yard, Bremerton, 
Wash. 

BURDEN, JAMES. Res. Engr., New York State Barge Canal, Barge Canal 
Office, Albany, 

CASE, JAMES FRANCIS. Vice-Pres., Cuban Eng. Contr. Co., Apartado 669, 
Havana, Cuba. 

CHENEY, HERBERT NEAL. Engr. Constr., Boston Consolidated Gas Co., 
West St., Boston, Mass. 

CHESTER, JOHN NEEDELS. (Chester Fleming), Union Bank Bldg., Pitts- 
burg, Pa. 

WILLIAM DuRWARD. Maj., Corps Engrs., A., Commanding 
First Battalion Engrs., and Director Civ. Eng., Engr. 
School, Washington Barracks, Washington, 

BENJAMIN. Room 814, Ford Bldg., Detroit, Mich. 

ELLIS, Ezra. Signal Engr., Kansas City Terminal Ry. Co., 23d 
St. and Grand Ave., Kansas City, Mo. 

FINLEY, EDWIN Pres. and Engr., Itawamba Eng. Co., Third 
National Bank Bldg., Room 1109, St. Louis, Mo. 

CHARLES Box 233, Stanford University, Cal. 

CHARLES 517 North 15th St., Boise, Idaho. 

Fox, Henry. Chf. Engr., Maryland Dredging Contr. Co. and Furst 
Clark Dredging Co. (Res., 2305 Elsinore Ave.), Baltimore, Md. 
Cons. Civ. Engr., 2714 Steiner San Fran- 

Cal. 

HARDING, JAMES JUDSON. General Delivery, Seattle, Wash. 

JAMES Asst. Engr. Water Supply, City Ithaca, 
Lock Box 412, Ithaca, 

HASLAM, Civ. and Hydr. Engr., Pequea, Lancaster Co., 


Chf. Engr., Irrig. Service, Guayama, Porto 


Pa. 

HERRMANN, FREDERICK CHARLES. Care, Spring Valley Water Co., Sunol, 
Cal. 

ARTHUR STANLEY. Cons. Engr., “The Hedges,” North Falmouth, 
Mass. 


Div. Engr., C., Ry., 258 Front Ave., 
Spokane, Wash. 
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MEMBERS (Continued) 

426 Osborn Bldg., Cleveland, Ohio. 

Lewis. Asst. Engr., Metropolitan Park Comm.; Address, 
Crescent Ave., Melrose, Mass. 

JoHN 939 West 10th St., Erie, Pa. 

Hurry, Epwarp Churt, Farnham, England. 

JOHNSON, LUCIEN SAMUEL. Engr. Office, Frankfort, Ky. 

Mito Dean, Coll. Eng. and Prof. Civ. Eng., Univ. 
Colorado, Boulder, Colo. 

WILSON SHERMAN. Pres., Kansas City Terminal Ry. Co., 22d 
St. and Grand Ave., Kansas City, Mo. 

KNIGHT, HERBERT MILLER. With The Talbott Co., Baltimore, Md.; 
Address, 205 West Garden St., Rome, 

WILLARD Walnut Ave., Rockville Centre, 

WILLIAM Gen, Contr., 781 East Bay St., Jacksonville, 
Fla. 

Mason, (Mason, Hilton Co., Engrs. and Contrs.), 111 Broad- 
way, New York City. 

MATCHAM, CHARLES ARTHUR. 1727 Hamilton St., Allentown, Pa. 

MOGENSEN, PETER. 1707 Eighth Ave., Spokane, Wash. 

PEARL, WALTER. Care, Pioneer Constr. Co., Durango (Res., 630 Twenty- 
first St., Apartment 29, Denver), Colo. 

Office, 428 Custom House, St. Louis, Mo. 

Asst. Engr., R., First National Bank 
Bldg., Monongahela City, Pa. 

REED, Lyon. Civ. Engr., N., Bureau Yards and Docks, Navy 
Dept., Washington, 

RIBLET, CHRISTIAN. Spokane Club, Spokane, Wash. 

RIGHTER, ADDISON ALEXANDER. and Engr., John Ewen Co., 
525 The Rookery, Chicago, 

City Engr., City Hall, Manila, Philippine 

CHARLES. The Trudeau Sanitarium, Trudeau, Essex Co., 

Francis Betts. Chg. Constr., Pearl Harbor Dry Dock for 
San Francisco Bridge Co., Care, Hawaiian Dredging Co., Ltd., Hono- 
lulu, Hawaii. 

STEVENS, JOHN FRANK. Pres., Oregon Trunk Ry., 625 Railway Exchange, 
Portland, Ore. 

STRICKLER, Brown. 1343 Girard St., W., Washington, 

Sumner, Horace Room 438 Century Bldg., Denver, Colo. 

THORNLEY, JULIAN. The Ansonia, 73d St. and Broadway, New York City. 

Henry Hayes. Asst. Engr., 804 Chronicle Bldg., San 
Francisco, Cal. 

WALLACE, ULMER. Cons. Engr., Marquette Bldg., Chicago, 
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(Continued) 

WALTER Cons. Engr., Runnymede Ave., Lansdowne, Pa. 

WEEDIN, CALHOUN. 117 East 6th St., Davenport, Iowa. 

WEGMANN, Cons. Engr., Dept. Water Supply, Gas and Elec- 
tricity, Park Row, Room 2520, New York City. 

Supt., Foster-Creighton-Gould Co., 33d St. and 
River, Louisville, Ky. 

Woop, WaRREN Chf. Engr., Central Idaho Development Co., 
Ltd., Lewiston Southeastern Elec. Ry. Co., Ltd., Salmon River 
Power Co., Ltd., Elec. Ry. Townsite Co., Nezperce Idaho 
Co., and Idaho Northwestern Co., Sumner, Wash. 

WRIGHT, JOSEPH. Engr., Reclamation Service, Ronan, Mont. 


ASSOCIATE MEMBERS 

BARLOW, JOHN SADLER. Asst. Engr., Ry., Rochester, Wash. 

BASCOME, WESTERN Res. Engr., Manhattan Bridge, Brooklyn, 
(Res., 140 Claremont Ave., New York City). 

BASSETT, ROBERT JAY. 279 North Main St., Ansonia, Conn. 

BILLINGSLEY, JAMES WARTELLE. Chronicle Bldg., Houston, Tex. 

BLAYLOCK, JOHN CHARLES. Designing Engr., Holabird Roche, 5439 
Southport Ave., Chicago, 

BONNETT, CHARLES PIERRE. 241 West St., New York City. 

JOHN Engr., Amazon Pacific Ry., Chimbote, 
Peru. 

CocHRANE, (Hedrick Cochrane) 1118 McGee St., Kansas 
City, Mo. 

RAy 
Ore. 

LEANDER. 
more, Md. 

NELSON ANDREW. Res. Engr., Snow Mountain Water Power 
Co., 3014 Clay St., San Francisco, Cal. 

OLIVER CROMWELL. Pres., The Pneumatic Caisson Co., East 


23d New York City (Res., 179 St. Marks Ave., Brooklyn, 


FITZPATRICK, JAMES RAYMOND. Gen. Mgr., Grand Rapids Hydr. Co., 106 
Michigan Trust Bldg., Grand Rapids, Mich. 


FLEMING, JR. (Chester Fleming), Union Bank Bldg., Pitts- 
burg, Pa. 


Harry Associate Prof. Civ. Eng., Purdue Univ., 739 
Owen St., Lafayette, Ind. 

NEAL Care, Coll. Eng., Urbana, 

GOODELL, STANTON. Mass. 

HALDEMAN, WALTER STANLEY. 510 Hall Bldg., Kansas City, Mo. 


Asst. Engr., Water Dept., City Hall, Portland, 


Supt., United Eng. Constr. Co., Sexton Bldg., Balti- 
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ASSOCIATE MEMBERS (Continued) 


HAMILTON, FARRAR PETRIE. 662 North State St., Jackson, Miss. 

HARRIS, HENRY ALEXANDER. 176 Nassau St., Princeton, 

HAZELTON, WILLIAM SYLVESTER. 247 Hancock Ave., East, Detroit, Mich. 
HECKLE, GEORGE Alberton, Md. 

Roy Mech. Engr., 252 Jefferson St., Valparaiso, Ind. 
HARLOW 1734 Ridge Ave., Evanston, 
DIEDRICH WILLIAM. Bridge Designer, Public Service Comm., 
First Dist., Flatbush Ave., Brooklyn, 

KYLE, GEORGE ALLEN. 625 Railway Exchange, Portland, Ore. 

Morton. City Engr., 01209 Hollis St., Spokane, Wash. 
CLAUDE LESLIE. Asst. Engr., New York State Barge Canal, 
Railroad St., Cohoes, 

HERBERT GRANVILLE. Engr. Office, Louisa, Ky. 
MATHESON, ERNEST GEORGE. 512 Manhattan Ave., New York City. 
MERRIMAN, THADDEUS. Asst. the Chf. Engr., Board Water Supply, 
165 Broadway, New York City. 

Moss, FAULKNER. Care, Am. Trading Co., Yokohama, Japan. 
WILLIAM Buena Vista, Va. 

NIMMO, JAMES VALANCE. Care, Canadian Northern Pacific Ry., Hast- 
ings St., W., Vancouver, C., Canada. 

Engr. for Central Aguirre, Central Aguirre, Porto Rico. 
PARKER, CHARLES FREDERIC. Mine Operator, Care, Parker Hamilton, 
Apartado 208, Durango, Dgo., Mexico. 

PERKINS, ALBERT Div. New York State Water Supply 
Comm., Albany, 

THOMAS JETT. Surface Div., Engr. Dept., Dist. Columbia (Res., 
212 Thirteenth St., E.), Washington, 

Proctor, JEFFERSON. Care, The New York Bermudez Co., Land 
Title Bldg., Philadelphia, Pa. 

Box 100, Kentville, Nova Scotia, Canada. 

St. Highbury, Longford, Tasmania. 

SARGENT, ARTHUR WINTHROP. Junior Engr., Engr. Office, Seattle, 
Wash. 

ScHARSCHMIDT, SAMUEL 1327 Mason St., Elkhart, Ind. 

Harvey. Care, Lockwood, Greene Co., Federal St., 
Boston, Mass. 

CoRNELIOUS. Care, Ry. Office, St. Paul, Minn. 
SHEFFIELD, Epwarp Asst. Engr., Y., R., Box 
91, Short Beach, Conn. 

Stocum, Lyon. Bridge Dept., Long Island R., Jamaica (Res., 
Lynbrook), 

WILLIAM CLARE. Forsyth Bldg., Atlanta, Ga. 

STEVENS, Asst. Engr., Bridge Dept., Ry., 1802 Hague 
Ave., St. Paul, Minn. 

WILLARD Asst. Engr., Board Water Supply, City 
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ASSOCIATE MEMBERS (Continued) 


STORER, STEWARD. 
ington, 
GEORGE Epwarp. Bridge Engr., Kansas City Terminal 

23d St. and Grand Ave., Kansas City, Mo. 
WASSNER, MICHAEL. 1257 Dearborn Ave., Chicago, 
WHITING, WILLIAM CARLYLE. Vice-Pres. and Gen. Mgr., The United 
Eng. Constr. Co., Sexton Bldg., Baltimore, Md. 
Dept., Burlington, 
WILHELM, JEROME FREDERICK. 
Sacramento, Cal. 
SAMUEL LAMSON. 
ALFRED MARSHALL. 


Superv. Archt.’s Office, Treasury Dept., Wash- 


Care, Missouri Val. Bridge Iron Co., 


Bridge Dept., Mo. Pac. R., St. Louis, Mo. 
Asst. Engr., Public Service Comm., First Dist., 


154 Nassau St., New York City (Res., Rutledge Ave., East Orange, 
J.). 


ASSOCIATES 


WALLACE, JR. Vice-Pres., United Bldg. Material Co., Church St., 
1012, New York City. 

LALLY, JOHN MICHAEL. 437 Spencer Bronx, New York City. 

Chf. Engr., Ry. and Industrial Div., 
White Co., Inc., Exchange New York City. 

Ray, Instr., Physics and Mechanics, Coll. the City 
New York (Res., 329 Edgecomb Ave.), New York City. 


STROEBE, GEORGE Care, Bureau Public Works, Manila, Philip- 
pine 


STRUCKMANN, 
Co., lola, Kans. 


North Arlington Ave., East Orange, 
WRENN, JAMES Stillwater, 


Chf. Engr. and Gen. Mgr., Iola Portland Cement 


JUNIORS 
CHESTER Caldwell, Idaho. 


BARKER, JAMES With Am. Bridge Co., Oxford St., Pittsfield, 
Mass. 


BENNET, ORVILLE GREEN, JR. 
York City. 

LyMAN Box 35, Laramie, Wyo. 

BRENNAN, JOSEPH LAWRENCE. 223 West 167th St., New York City. 

WILLIAM. Box 31, Station Worcester, Mass. 

CALDER, JOHN WEBSTER. 5520 Walnut St., Philadelphia, Pa. 

CARPENTER, Drainage Engr., Dept. Agriculture, 201 
Ave., North Yakima, Wash. 

AMASA MANTON. Bay View Ave., Newport, 


Care, The Okonite Co., 253 Broadway, New 
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JUNIORS (Continued) 

CocHRAN, JEROME. Designing Engr., Corrugated Bar Co., National Bank 
Commerce Bldg., St. Louis, Mo. 

CUNNINGHAM, JOHN Louisburg Sq., Boston, Mass. 

CUNNINGHAM, JOHN Draftsman, Bridge Dept., North Coast 
Co., 606 Indiana Ave., Spokane, Wash. 

With Schuylkill Bridge Works, Philadelphia, 
Pa. (Res., Torrey St., Brockton, Mass.). 

FISHER, WILBUR 520 Sinto Ave., Spokane, Wash. 

GERMER, WILHELM Care, Mr. Jouett, 335 Madison Ave., Room 
(Res., 64th St.), New York City. 

MACLENATHEN. Archt. and Cons. Engr. (Goodrich 
Goodrich), 329 Lumber Exchange Bldg., Portland, Ore. 

WILLIAM LAwRENCE. Asst. Engr., Board Water Supply, New 

Hupson Care, Joseph Ryerson Son, 16th and 
Rockwell Sts., Chicago, 

Harry WILLIAM. Care, Bolter’s Sons, Salle St., Room 
612, Chicago, 

Madison, Wis. 

Horton, JoHN WILLIAM. Asst. Engr., Central California Traction Co., 801 
Twenty-fourth St., Sacramento, Cal. 

WILLIAM RICHARD, JR. 1003 South Ave., Wilkinsburg, Pa. 

JONES, BENJAMIN Junior Highway Engr., Office Public 
Roads, Helena, Mont. 

Care, Res. Engr., Mexican Ry., Mexico City, F., 
Mexico. 

ARTHUR CASWELL. Asst. Engr., Springfield Water-Works (Res., 
Jefferson Ave.), Springfield, Mass. 

Care, Const. Quartermaster, Sparta, Wis. 

CHESTER Engr., Standard Constr. Co., 618 Rookery Bldg., 
Chicago, 

WALLACE HIGHLAND. Felton, Oriente, Cuba. 

MAHONE, WILLIAM, JR. Box 213, New Bern, 

JAMES GATES. Care, Piedmont Traction Co., Charlotte, 

STANLEY WALLACE. 307 Kingsland Ave., Brooklyn, 

ALFRED Lake Ave., Oakland, Cal. 

Day 218 North 5th St., Minneapolis, Minn. 

FRANKLIN. The Harris, 13th and Broadway, Kansas City, 
Mo. 

WILLIAM JENNER. 360 Allen St., Dallas, Tex. 

ARTHUR. 530 South Webb Ave., Alliance, Ohio. 

RUSSELL, ALEXANDER ALLEN 349 Frederick St., San Francisco, 
Cal. 

WALTER Max. 370 Illinois St., Toledo, Ohio. 
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JUNIORS (Continued) 
KUHN. 905 Heath St., Pittsburg, Pa. 


STEINMAN, DAvip Instr. Civ. Eng., Univ. Idaho, Moscow, 
Idaho. 


STEPHENSON, GRANT THOMAS. 
Wells, Delta Co., Mich. 

STEWART, CHARLES SUMNER. 

STEWART, WALTER PHELPS. 
Louis, Mo. 


ALBERT Asst. Engr., Isthmian Canal Comm., Culebra, 
Canal Zone, Panama. 


OLIVER JULIAN. Field Asst. City Engr. San Francisco; Address, 
Groveland, Cal. 


TRASK, WARREN Care, Reclamation Service, Ft. Shaw, 
Mont. 

VEATCH, NATHAN THOMAS, JR. 1043 Indiana St., Lawrence, Kans. 

WHITTEMORE, LESLIE Asst. Engr., Board Water Supply 
New York City, Box 752, Cornwall-on-Hudson, 

BENJAMIN. 123 Russell St., Lafayette, Ind. 

JAMES. Elgin St., Providence, 

WILLIAM WEST. Sherman Hotel, Broadway and 70th St., 
New York City. 

WILLIAM ALBERT. 229 West 130th St., New York City. 


Gen. Supt., Mashek Chemical Iron Co., 


1805 Warren Ave., Chicago, IIl. 
Junior Engr., 1307 Liggett Bldg., St. 


RESIGNATIONS 


Date 
JUNIORS Resignation. 


DEATHS 
BIDDLE, WILLIAM Elected Member, June 4th, 1884; died August 
10th, 1910. 
JONES, WASHINGTON. Elected Member, October 7th, 1874; died July 30th, 
1910. 
McVEAN, JAy. Elected Member, September 3d, 1884; died August 
1910. 


SHANLEY, JAMES ROOSEVELT. 
August 25th, 1910. 

RALPH CARROLL. 
June 16th, 1910. 

ALFRED. Elected Junior, October 6th, 1903; Associate 
Member, December 5th, 1906; died August 29th, 1910. 


Elected Associate, March 6th, 1907; died 


Elected Associate Member, August 1909; died 


Total Membership the Society, September 13th, 1910, 
624. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST 


(July 23d September 12th, 1910) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 


being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
prefixed each journal this list: 


(1) Journal, Assoc. Eng. 
Milk St., Boston, Mass., 30c. 

(2) Proceedings, Engrs. Club Phila., 
1317 Spruce St., Philadelphia, 
Pa. 


(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 
(4) Journal, Western Soc. 


Monadnock Blk., Chicago, 

(5) Transactions, Can. Soc. 
Montreal, Que., Canada. 

(6) School Co- 
lumbia Univ., New York City, 
50c. 

(8) Stevens Institute Stevens 
Inst., Hoboken, J., 50c. 

(9) Engineering Magazine, New York 
City, 25c. 

(10) Magazine, New York City, 

(11) Engineering (London), 
Wiley, New York City, 25c. 

(12) The Engineer 
national News Co., New York 
City, 35c. 

(13) News, New York City, 


(14) Engineering Record, New York 
City, 12c. 

(15) Railway Age Gazette, New York 
City, 15c.. 


(16) Engineering and: Mining Journal, 
New York City, 15c. 

(17) Electric Railway Journal, New 
York City, 10c. 

(18) Railway and Review, 
Chicago, 10c. 

(19) Scientific American 
New York City, 10c. 

(20) Iron Age, New York City, 10c. 

(21) Railway Engineer, London, Eng- 
land, 25c. 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 10c. 


Supplement, 


(25) American Engineer, New York 
City, 20c. 
(26) Review, London, Eng- 
and. 
(27) World, New York City, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 


Journal, New 
Works Assoc. Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
Annales l’Assoc. des Ing. Sortis 
des Ecoles Spéciales Gand, 

Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Proceedings, Am. Inst. Elec. 
New York City, 50c. 
Annales des Ponts Chaussées, 

Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 


Scientific American, New York 
City, 
Mechanical Engineer, Manchester, 


England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 
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Bridges. 


(63) 


tem.* 


(61) Proceedings, 
Club, 225 Dearborn St., Chicago, 
(62) Industrial World, 
Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 
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Transactions, Am. 


Engrs., New York City, $5. 
Colliery Guardian, 


Chicago, 25c. 

(68) Mining Journal, London, England. 

(70) Engineering Review, 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- (97) Turbine, Berlin, Germany, Mark. 
don, England. 

(71a) Carnegie 
Iron and Steel 
England. 

(73) Electrician, London, England, 18c. 

(74) Transactions, Inst. 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs., 

London, England. 

(76) Brick, Chicago, 10c. 102) Orga iir die Fortschritte des 

(77) Journal, Inst. Elec. Engrs., London, 
Germany. 

(78) Beton und Eisen, Vienna, Austria. (103) Mining and Scientific Press, San 

(79) Forscherarbeiten, Vienna, Austria. 

(80) Tonindustrie Zeitung, Ger- 
many. 


Vol. 180. 


(13) July 28. 


Western 


Scholarship 
Inst., 


Inst. 


Min. (83) Age, New York City, 
c. 


London, Eng- (84) Ciment, Paris, France. 


land. (85) Proceedings, Am. Ry. Eng. and 
(58) Engrs.’ Soc. Pa., Assoc., Chicago, 
803 Fulton Pittsburg, (86) Engineering-Contracting, Chicago, 
Pa., 50c. 10c. 
(59) Transactions, Mining Inst. Scot- (87) Roadmaster and Foreman, Chicago, 
land, London and 
upon-Tyne, England. (88) Bulletin the International Ry. 
(60) Municipal Congress Assoc., Brussels, Bel- 
apolis, Ind., 25c. gium. 


Railway (89) Proceedings, Am. Soc. for Testing 


Ninth St., 


Materials, Philadelphia, Pa. 
(90) Transactions, Inst. Naval 
Archts., London, England. 
(91) Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 


City. 

(64) Power, New York City, 20c. (92) Bulletin Soc. 
(65) Official Proceedings, New York pour Nationale, Paris, 

Railroad Club, Brooklyn, Y., France. 

(93) Revue Paris 
(66) Journal Gas Lighting, London, France, fr. 50. 

England, 15c. (94) The Boiler Maker, New York City. 
(67) Cement and Engineering News, 10c 


(95) International Marine 
New York City, 20c. 


New York (96) Canadian Engineer, Toronto, Ont.. 


(99) Proceedings, Am. Soc. 


LIST ARTICLES. 
The Design Swing-Bridges.* 


Restoration the Auld Brig O’Ayr.* (11) 
The Erection the Dumbarton Point Bridge.* (14) 

Substructure Double-Track Railroad Bridge Peoria.* (14) 

The Mississippi River Bridge St. Louis for the Illinois Electric Traction Sys- 


(14) 


Canada, 15c. 


(98) Journal, Engrs. Soc. Pa., 219 
Market St., Harrisburg, Pa., 30c. 


Improvements, New York City, 


(100) Professional Memoirs, Corps 


Engrs., A., Washington, 


(101) Metal Worker, New York City, 
Wiesbaden, 


Francisco, Cal., 10c. 
(104) The Surveyor and Municipal and 


County Engineer, London, Eng- 
(81) Zeitschrift fiir Architektur und In- land, 6d. 
genieurwesen, Wiesbaden, Ger- (105) Metallurgical and Chemical En- 
many. 


gineering, New York City, 25c. 


James Athersmith Orrell, Stud. Inst. 


July 15. 
July 23. 
July 23. 


Tests Vanadium-Steel Eye-Bars.* (14) July 30. 

The Eight-Track Bascule Bridge Campbell Avenue, Chicago.* 

Cost Constructing Concrete Abutments for Railway Bridge.* (86) Aug. 

Tall Reinforced Concrete Bridge Pier.* (14) Aug. 

The Miles Glacier Bridge.* 

Viaduct and Subway Pocatello, Idaho.* (15) Aug. 12. 

The Substructure the Dumbarton Point Bridge.* (14) 

Erection Eight-Track Rolling Lift (14) Aug. 

Three-Hinged Reinforced-Concrete Arch Bridge, Los Angeles.* 

Concrete Pedestal Abutments the New York State Barge Canal.* (13) 


Dart and 


Aug. 


13. 
Aug. 18. 
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Plate Girder Arch Bridge Carrying Concrete Roadway.* (14) Aug. 20. 

Tests Nickel Steel Riveted Joints; Details and Results Tests Made for the 
Board Engineers, Quebec Bridge.* (14) Aug. 20. 

The Substructure the American River Bridge.* (14) Aug. 27. 

The Main Street Bridge over the Buffalo Belt Line.* (14) Aug. 27. 

New Form Rail Connection for Drawbridges.* (13) Sept. 

Caissons for the Main Piers the New Quebec Bridge.* (12) Sept. 

Typical Compression Members Long Span Bridges.* Edgar Marburg, Am. 
Soc. (14) Sept. 

Bank Protection the Missouri River Bridge, Ry.* (18) Sept. 

Notes the Construction Reinforced Concrete Arch Bridge. with Some Costs.* 
Hoyt. (86) Sept. 


the New Quebec Bridge; Launch the North Pier Caisson.* (13) 
ept. 


The Reconstruction the Quebec Bridge.* (14) Sept. 10. 

Pont Sabarat sur (84) Aug. 

Pont Béton Armé, Trois Articulations, d’Amélie-les-Bains (Pyrénées-Orien- 
tales), Applications Méme Systéme Semi-Articulations.* 


Mesnager. 
(33) Aug. 27. 
Umbau der Eisenbahnbriicke iiber die Lahn bei Oberlahnstein.* Heinrich Tecklen- 
burg. (49) Pt. 7-9. 
Pilder. (102) Serial beginning 
uly 


Eiserner Ueberbau der Baumgartenbriicke bei Potsdam.* (48) 
Serial beginning July 23. 

Erfahrungen und Beobachtungen beim Bau der weiten den 
Isonzo bei Salcano.* Leopold Orley. (53) Serial beginning Aug. 19. 

Fundierung der Riistringer Briicke bei Wilhelmshaven.* (78) Sept. 


Electrical. 


The Arrangement Experimental Electrical Circuits for Laboratories.* 
Steinthal. (77) June. 

Losses off Transmission Lines due Brush Discharge with Special Reference 
the Case Direct Current. Watson. (77) June. 

Modern Electric Time Service.* Hope-Jones. (77) June. 

Balancers for Three-Wire Systems.* Cooper. (77), June. 

Some Notes Standardisation Electrical Machines. Orsettich. (77) June. 

The Physical Properties Switch and Transformer Oils.* Pollard Digby and 
Mellis. (77) June. 

Rating and Test Motors for Intermittent Working. Robert Pohl. (77) June. 

Graphical Treatment the Zigzag and Shot Leakage Induction 
Hellmund. (77) June. 

Street Illumination.* James Cravath. (Paper read before the Engrs’. Soc. 

Practical Notes Illumination Cooper-Hewitt Mercury Lamps.* Crouch. 
(26) Serial beginning July 15. 

Poles and Pole Lines. Rhodes. (Paper read before the Telephone Soc.) 
(96) July 21. 

Installation Large Battery and Boosters Dickinson Street Electricity Works, 
Manchester.* Pearce. (26) July 22. 

Isolated Industrial Generating Installation.* Albert Clough. (27) July 28. 

The Testing Transformer Regulation.* Drysdale. (73) July 29. 

Recent Arrangements for the Parallel Running Electric Machines.* Wolf. 
(Abstract from Elektrotechnik und Maschinenbau.) (73) July 29. 

Short-Circuiting Large Electric Generators and the Resulting Forces Armature 
Windings.* Miles Walker. (77) Aug. 

The Design Turbo Field Magnets for Alternate-Current Generators with Special 
Reference Large Units High Speeds.* Miles Walker. (77) Aug. 

Hydro-Electric Installations Sweden.* Aubrey Clayton. (77) Aug. 

Commutation Phenomena and Magnetic Oscillations Occurring Direct-Current 
Machines.* Worrall. (77) Aug. 

Diversity Factor.* Gear. (42) Aug. 

Combination Electric Light. Water and Ice Plant.* (27) Aug. 

Foundations for Electrical Machinery.* Bruce Page. (27) Aug. 

Cost Electricity.* Marks. (27) Aug. 

American Switchboard Practice.* Stephen Hayes. (27) 
Aug. 

Electricity for Factories Kokomo, Ind.* (27) Aug. 

Paralleling Alternators.* (12) Serial beginning Aug. 

Electric Plant Messina, Italy.* (27) Aug. 11. 

Hydroelectric Generating Station Trollhattan, Sweden.* (27) Aug. 11. 


Serial beginning 
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Electrical—(Continued). 


Machines.* Jonas. (Abstract from Elek. Zeit.) 

me. 

Three Phase Versus Single Phase Gordon Kribs. (96) Aug. 18. 

Moving 370 Feet Conduit Intact.* (27) Aug. 18. 

New Post Office Telephone Exchange, Glasgow.* (26) Serial beginning Aug. 26. 

Tungsten Lamps.* Merrill. (42) Sept. 

Modern Combination Utility Plant.* (27) Sept. 

Gas and Oil-Burning Electric Power Station.* (27) Sept. 

Wireless Telegraphy.* Eccles. (7) Serial beginning 

ept. 

The Dielectric Properties Modern High-Tension Cables.* (Ab- 
stract from Elektrotech. Zeit.) (73) Sept. 

Single-Phase Commutator Motor.* Shiro Sano. (27) Sept. 

sans Fils.* Branly (92) July. 

L’Horlogerie Electrique.* Béache. (33) Serial beginning Aug. 

Drehstromkollektormotoren mit regelbarer Umlaufzahl. Matthias. (48) Aug. 20. 

Versuche den des elektrischen Stromes auf Beton.* (78) 
Serial beginning Sept. 


Marine. 


The Port Chalmers, New Zealand. Robert Hay, Inst. 
ol. 

The Fruhling Suction Dredge.* John Ried. (2) July. 

The Jan Breydel and Pieter Coninck the Ostend-Dover Service.* (11) July 
15; (33) Aug. 

Screw Propeller Dimensions.* (12) July 29. 

The Vulcan Company’s New Yard Hamburg.* (11) Serial beginning July 29. 

Proposed Method for Raising the Maine from Havana Harbor.* (13) Aug. 

The Possibilities the Hydroplane.* (11) Aug. 

The Electrical Equipment Smith’s Docks, Middlesbrough.* (26) Aug. 

The Electrical Propulsion French Submarines.* Breguet. (73) Aug. 26. 

Stability Models and Tables.* Arthur Liddell. (12) Aug. 26. 

New Departure American Shipbuilding.* (95) Sept. 

the Powering Ships.* Sidney Graves Koon. 

New Lake Passenger Steamer.* (95) Sept. 

Comparative Trials the Scout Cruisers Birmingham, Salem and Chester. (13) 
(95) 

L’Evolution dans les Systémes Constructions Navales; Nouveau Systéme 
Construction.* Hart. May. 

Das Schiffshebewerk mit Balanciers- und Gegengewichten.* Fr. Jebens. (81) 

Vergleichsversuche mit Schiffschrauben.* Préll. (48) July 16. 

Boot- und Schiffsmaschinen fiir fliissigen Brennstoff auf der Internationalen Motor- 
boot- und Motoren-Ausstellung, Berlin 1910.* Heller. (48) Sept. 


Mechanical. 


The Portland-Cement Industry the United States and Canada. Arthur Charles 
Davis, Assoc. Inst. (63) Vol. 180. 

Recent Developments Wheel Testing Purdue University.* Charles Benja- 
min. (Paper read before the Engrs.’ Club St. Louis.) (1) June. 

Small Steam Turbines.* Gurney Callan. (Paper read before the Boston Soc. 
Civ. Engrs.) (1) June. 

Street Illumination.* James Cravath. (Paper read before the Engrs.’ Soc. 
Milwaukee.) (1) July. 

American Producer Gas Practice. McCarte. (8) Serial beginning. July. 

Semet-Solvay Coke Ovens and By-Products Recovery Plant Dean and Chapter 
Colliery.* (57) July 15. 

Coke for Foundry Purposes. Rhead. (Paper read before the Brit. Foundry- 
men’s Assoc.) (11) July 15. 

Further Studies Coal Carbonization. Forbes Carpenter. (66) July 19. 

High-Speed Steam-Turbine Rotor Design and Construction.* John McKenzie 
Newton. (Paper read before the Jun. Inst. Engrs.) (47) Serial beginning 


July 22. 
Clearing House for Goods London.* (73) July 22. 
Gas Producers.* Hofmann. (Abstract paper read before the Inter. Cong. 


Diisseldorf.) (22) July 22; (20) Aug. 

Firebricks for By-Preduct Coke Ovens.* (22) July 22. 

The Works Messrs. Alfred Herbert, Limited, Coventry.* (11) July 22. 

Coal and Ash Handling Plant (with Underground Transportation System).* 
(13) July 28. 
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Mechanical—(Continued). 


Ash System the Allis-Chalmers Power Plant.* Tupper. (14) 

The Precooling Plants the Pacific Fruit Express Company.* (14) July 30. 

The Selection, Use and Abuse Steam Boilers. Byron Cummings. (Abstract 
paper read before the Mfrs. Assoc., York, Pa.) (94) Aug. 

The Balancing Reciprocating Engines.* Grimshaw. (10) Aug. 

Clay Digging the Hudson.* (76) Aug. 

Machine-Tool Operations Steam-Engine Manufacturing. Wm. 
Webber. (9) 

The Transmission Power Manila Ropes.* William Hosford. (41) Aug. 

The Manufacture French Aeroplanes.* Warren Miller. (3) Aug. 

Some Problems Clay Winning.* Richardson. (76) Aug. 

Pumping Engine Taking Steam Atmospheric Pressure.* (13) Aug. 

The Exploitation Peat Bogs. Eugene Haanel. (Paper read before the 
Amer. Peat Assoc.) (96) Aug. 

Grinding Machinery and the Manufacture Grinding Wheels.* John Davey. 
(Paper read before the Glasgow Tech. College.) (47) Aug. 

The Tendencies Modern Coking Practice. Ernest Bury. (57) Aug. 

The Aero-Dynamometric Installation.* (12) Aug. 

Belt Conveyors for Handling Crushed Stone.* (14) Aug. 

The New Smoke Law, Boston.* Howard Knowlton. (14) Aug. 

Brick Making.* Alfred Searle. (29) Serial beginning 

ug. 4 

Plant the Ogden Portland Cement Company.* (14) Aug. 13. 

The Bergen Hill Stone Crushing Plant, Erie Railroad.* (14) Aug. 13. 

The Cost Steam Power Mill Plant. Howard Knowlton. (14) Aug. 

Tests Two 000 000-Gal. Horizontal Pumping Engines the Canarsie Pump- 
ing Plant, Brooklyn, (13) Aug. 18. 

The Cambria Steel Works.* (15) Aug. 19. 

Mechanical Cargo Handling.* (14) Aug. 20. 

Anchor for Airships.* (From Umschau.) (19) Aug. 20. 

Modern Methods Coal Tipple.* Harrison. (16) Aug. 20. 

Rapid Sand Unloader Panama.* (62) Aug. 22. 

High-Pressure Gas for Railway Purposes.* (66) Aug. 23. 

America Welding, Casting and Metallurgy.* Ernest Stutz. 

ug. 
Line Individual Motor Drive Machine Shops. Popcke. 
ug. 

Coal and Ash Handling Plant for Large Building.* (14) Aug. 27. 

Furnace Draft its Relation Smoke Prevention.* Sylvester Howell. (Paper 
read before the Inter. Assoc. for the Prevention Smoke.) (62) Aug. 29. 

New Power Station Scranton, Penn.* Brady. (64) Aug. 30. 

High-Pressure Gas for Textile Mills. Charles Walton. (Abstract paper read 
before the Textile Soc. Manchester School Tech.) (66) Aug. 30. 

French Aeroplane Motors.* Warren Miller. (9) Sept. 

The Fuel Requirements the Rotary Cement Kiln. W.S. Landis. (105) Sept. 

Test 000-KW. Steam-Engine-Turbine Unit.* Stott and Pigott. 
(42) Sept. 

Gearing for Machine Tools.* Thomas Shaw. 

Testing Discharge Turbo Blower.* (22) Sept. 

Aerial Propellers and Some Test Results.* Charles Edward Larard, Mech. E., 
and Robert Oliphant Boswall. (11) Sept. 

The Rolling Iron Oscar Morgan. (Abstract paper read before 
the Nottingham Guild Mech. and Elec. Engrs.) (47) Sept. 

Notes Drilling Holes Concrete. Taft, Am. Soc. (14) Sept. 

Hauling with Traction Engines the Los Angeles Aqueduct.* (14) Sept. 

Concrete Mixing Plant for Roadbed Repairs. (14) Sept. 

Mechanical Features Power Plant Landy, France.* Warren Miller. (14) 


Sept. 
New Steel Belt Conveyor Use Sweden.* Alfred Gradenwitz. (16) Sept. 


Condensers for Small Central Stations.* Harry Pennington. (Paper read before 
the Southwestern Elec. and Gas Assoc.) (24) Sept. 

Freight Unloading System Manaos, Brazil.* Charles Seibert. (13) Sept. 

The Equipment the Cement Mill the Portland Cement Company Utah.* 
Leroy Palmer. (13) Sept. 

Operating and Maintenance Costs Locomotive Coal and Ash Handling Stations. 
Henry Edsall. (13) Sept. 

Comparison Gyratory and Jaw Crushers.* Wollenberg. (16) Sept. 10. 

The Manufacture Carbonate Ammonia from Gas House and Coke Oven Plant 
Liquor. Hilgenstock. (24) Sept. 12. 

Nouveau Mode Fonctionnement Economique des Foyers Générateurs 
Vapeur Autres Réalisé par Serge Heryngfet. (32) 
May. 
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Mechanical—(Continued). 


L’Acétyléne ses Applications.* Rosemberg. (92) June. 
Essais sur Determination Dépense d’Energie des Laminoirs.* Puppe. 
(Paper read before the Verein deutscher (93) July. 
Etude sur les Cables Transporteurs Aériens.* Thiery Cretin. (37) Serial 
beginning July 31. 

Nouveau Procédé Métallisation.* Schoop. (93) Aug. 

Voie Séche Voie Humide? des Fours Rotatifs. (84) Serial 
beginning Aug. 


Four Tremper Vertical des Forges Douai (Etablissements Arbel).* Ct. 
Fourgeot. (93) Aug 


Quantités Moyen Diaphragmes.* Otto Muller. (93) 


Commande Electrique Laminoirs Toles, Téleries Louvroil (Nord).* 
Mauduit. (33) Aug. 27. 
Laboratoire Aéronautique Chalais-Meudon les Expériences sur les Hélices 
Propulsives.* (33) Aug. 27. 
Die Kohlenkipper der neuen Hafenteile Ottmann und 
Loebell. (49) Serial beginning Pt. 7-9. 
uly 
Ueber die Fortschritte der Gewinnung der Nebenprodukte beim Kokereibetriebe. 
Rau. (50) Serial beginning July 20. 
Der Stand der Gliederkesselindustrie.* Pradel. (48) July 23. 
steinerner Winderhitzer.* Chr. Aldendorff. 
uly 
Ueber das Verhalten von Kraftmaschinen mechanischen oder elektrischen Par- 
allelbetrieb.* Otto Ohnesorge. (48) July 30. 
Der Genauigkeitsgrad der Federmanometer.* Klein. (48) July 30. 
Zum des basischen Windfrischverfahrens Deutschland.* Esser. 
) ug. 3. 
Der Kraftmaschinenbau auf der Weltausstellung Briissel 1910. (48) Serial 
beginning Aug. 
Die Hebezeuge und auf der Weltausstellung Briissel, 1910.* 
Aumund. beginning Aug. 13. 
Versuche einer mit Zwischeniiberhitzung durch Frischdampf arbeitenden Heiss- 
dampf-Verbundmaschine.* Gutermuth und Watzinger. (48) Aug. 13. 
Ueber den heutigen Stand der Gichtgasreinigung Deutschland.* Curt Grosse. 
(50) Serial beginning Aug. 17. 
Die massgebenden Konstanten bei der Regelung der Kraftmaschinen und ihre Wech- 
selbeziehungen.* (97)° Aug. 20. 
Die Berechnung rotierender Trommeln.* Lorenz. (48) Aug. 20. 
Ueber die neuere Entwicklung der Kokerei nach Bauart der Ofen und Ausbildung 
des mechanischen Betriebes.* Fr. Herbst. (50) Serial beginning Aug. 31. 
Die bei grossen Erdarbeiten. Contag. (48) Serial begin- 
ning Sept. 


Metallurgical. 


Notes Roasting and Sintering; with Particular Reference the Dwight Lloyd 
Smith. (Paper read before the Montana Soc. Engrs.) (1) 
uly. 

Teziutlan Copper Company.* Van Zwaluwenburg. (16) 
uly 

Agglomeration Manganiferous Limonite Ore. Witte. (16) July 30. 

The Strength the Alloys Electrolytic Iron and Monel Metal.* Charles 
Burgess and James Aston. (105) Aug. 

The Yampa Smelter Bingham.* Palmer. (45) Aug. 

Circular Copper Blast Furnaces.* Thomas Lambert. (45) Aug. 

The Mechanical Charging Blast Furnaces.* Edgar Richards and Thomas 
Lewis. (Paper read before the Cleveland Inst. Engrs.) (22) Aug. 
Theory the Dissolution Metals Cyanide. Stuart. (103) Aug. 
Basic Lined Converters for Leady Copper Mattes. Redick Moore. (16) Aug. 
Electric Smelting Iron Ore Heroult, Cal.* John Tyssowski. (16) Aug. 

for Production Pure Spelter.* John Primrose. (16) 

ug. 

Cyanidation Concentrate. Brown. (103) Aug. 27. 

Trail Smelter and Lead Refinery.* Turnbull. (45) Sept. 

Recent Practice Copper Matte Converting. Redick Moore. (16) Sept. 

Settling Fine Dust Copper Queen Smeltery.* George Lee. (16) Sept. 10. 

The Electrolytic Copper Process.* Greenawalt. (62) 
ept. 

Traitement Thermiques des Aciers Spéciaux. Guillet. (Paper read before the 
Congress Metallurgy Diisseldorf.) (93) July. 


Illustrated. 
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Quelques Observations Théoriques Pratiques sur Cimentation. Guillet. 

(Paper read before the Congress Metallurgy Diisseldorf.) (93) July. 

Traitements Thermiques des Produits Cimentés.* Guillet. (Paper read before 
the Congress Metallurgy Diisseldorf.) (93) July. 

Untersuchungen von Gusseisen-Emails. Julius Griinwald. (50) July 13. 

Der Elektrostahlofen System Nathusius.* Neumann. (50) Aug. 


Mining. 


Power Production Collieries, with Special Reference Gas Power and Electrical 
Centralization.* Robert Crawford and Harold Moores. (59) Vol. 32. 
The Possibilities Rescue Work Connexion with Mine Explosions and Fires.* 
Haldane. (59) Vol. 32. 
The Sinking and Equipping Penallta Colliery.* George Hann. (From Trans. 
South Wales Inst. Engrs.) (57) Serial beginning July 15; (22) July 22. 
Concrete Lined Shaft Loose Ground. (14) July 23. 
Clonan Shaft, Mineville, Y.* Guy (16) 
uly 
Continuous Agitation System Esperanza.* Kuryla. (16) July 30. 
Model Coal Mining Plant Wyoming.* Payne. (16) July 30. 
ug. 
Miami Concentrating Mill.* Herrick. (45) Aug. 
Power for Concentrating Mill. Bowman. (45) Aug. 
The Cascade (Paper read before the Assoc. Min. 
Elec. Engrs.) (22) Aug. 
Tailing Dams and Conservation Mill Water.* (16) Aug. 
Concentration Slime. Edwin Sperry. (103) Serial beginning Aug. 
The Kentish Ragstone Quarries. Walton Harrison. (Paper read before the 
Inst. Mun. Engrs.) (104) Aug. 12. 
the Angustias Cyanide Mill.* Herbert Megraw. (16) 
ug. 
Design Mine Plant.* Whitehurst and Cary. (103) Serial begin- 
ning Aug. 13. 
Smelting Plant Mond Nickel Co.* Grant Shipley. (16) 
ug. 
Slime Treatment the Santa Natalia Mill.* Cooper Shapeley. (16) Aug. 20. 
Kibble Hooks.* (From Zeit. fiir Berg-, Hutten-und Salinenwesen.) (57) Aug. 26. 
Electrical Equipment the Rose Bridge and Douglas Bank Collieries, Wigan.* 
Winsborough. (73) Aug. 26. 
Underground Winding Plant the New Modderfontein Co. Copeland. 
paper read before the South African Inst. Elec. Engrs.) (73) 
ug. 
Cyaniding the North Star Mines Califorina.* John Tyssowski. (16) Aug. 27. 
Refuge Chambers Coal Mines.* George Rice. (Paper read before the West 
Virginia Coal Min. Inst.) (16) Aug. 27. 
The Wind Rock Coal Mine.* Hutchinson. (45) Sept. 
Working Steep Coal Seam.* Austin Hoy. (45) Sept. 
The Effect the Solubility Gold when Ore Crushed between Iron Surfaces. 
Tippett. (105) Sept. 
Los Pilares Mine.* Edward Robb, Jr. (45) Sept. 
The Superior and Boston Mine.* Herrick. (45) Sept. 
Relative Advantages Electric and Steam Winding the Rand. Edwin McWil- 
liams. (Abstract from South African Min. Jour.) 
The Ohio Concentrator.* Leroy Palmer. (103) Sept. 
Details Mine Surveying. Robinson. (103) Sept. 
Emploi des Chambres Sureté dans les Mines.* Ch. Marquet. (32) May. 
Ueber Bewegung und Lagerung von auf Grubenanlagen.* Glinz. 
(50) Serial beginning Aug. 31. 


Miscellaneous. 


The Recent Advances Pyrometry.* Robert Whipple. (Paper read before 
the Birmingham Metallurgical Soc.) (11) July 22; (73) July 22; (47) 
Aug. 

Depreciation Estimates United States Reclamation Works. (14) July 23. 

Hydraulic Stripping.* Paul Beer. (76) Aug. 

Cave-In Underground Stream Staunton, Va.* Van Horn. 
(13) Sept. 

Technique Pratique Dessinateur.* Jean (37) Serial 
beginning July 31. 
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San Joaquin County Highway Improvements. (14) July 23. 

Highways Pennsylvania, their Improvement. Joseph Hunter. (98) Aug. 

Experimental Work 1909 the Office Public Roads Dust Prevention 
and Road Preservation. (86) Aug. 

Systems Road and Street Improvements Paso, Tex. 

ug. 

Modern Methods Street Cleaning. George Soper, Am. Soc. (Abstract 
paper read before the New England Conference Street Cleaning.) (13) 
July 28; (86) Aug. 10. 

Some Costs Street Paving Work Baltimore, Md. (86) Aug. 10. 

The Physical and Chemical Characteristics Bituminous Road Materials. Prevost 
Hubbard. (Paper read before the Inter. Road Congress.) (86) Aug. 17. 

Methods Laying Out Cities.* Charles Barnaby. (10) Sept. 

Adopted the Second Road Congress, Brussels. 

Street Cleaning and Watering Great Towns the United Kingdom. 
Yabbicom, Inst. (Abstract paper read before the Inter. Road 
Cong.) (13) (86) Sept. 

ug. 


Railroads. 


Straight Run-Outs Cant the Ends Circular Curves Railways.* Fulwar 
Craven Fowle, Inst. (63) Vol. 180. 

Signalling India.* Charles William Hodson, Inst. (63) 

The Design Rolling Stock for Smooth-Rail Working Heavy Gradients.* Fred- 
erick William Bach, Inst. (63) Vol. 180. 

Electric Traction (Austria and Hungary); Subject for Discussion the 
Session the Railway Congress.* Arthur Hruschka. (88) June. 

Steam Locomotives for Very High Speeds; Subject for Discussion the 
Session the Railway Congress.* Courtin. (88) June. 

The Use Steel, Special Steels; Subject for Discussion the Session 
the Railway Congress. Ernest Szlabey. (88) June. 

Automatic Signal for Electric Railways.* Carl Nachod. (2) July. 

Consolidation Type Locomotive for the South Manchuria Railway. (12) July 15. 

The Eastleigh Locomotive Works the London and South-Western Railway Com- 
pany.* (12) Serial beginning July 15. 

uly 

British Methods Operating Single Tracks.* (90) July 21. 

Locomotive for the Soudan Government Railways.* (12) July 22. 

Elimination the Susquehanna Crossing, Lackawanna Railroad.* (14) July 23. 

Methods and Cost Steam Shovel Work, Loading Slag, Earth and Sand Into Cars 
for Railway Ballasting and Grading. Wallace. (86) July 27. 

Methods Costs Surfacing and Smoothing Track. Wallace. (86) 
July 

The Southern Pacific Mexico Railroad.* Waterbury. (13) July 28. 

Trackless Trolley Systems the Continent.* (73) July 29. 

Locomotives for the Shanghai-Nanking Railway.* (12) July 29. 

for the Birmingham Atlantic R.* (18) July 30; 
(15) ug. 

Power Developments the Lehigh Valley Transit Company.* (17) July 30. 

The Central Georgia Railway Erecting and Machine Shop.* (14) July 30. 

Replacing Concrete Roof Slabs, Salle Street Station.* (14) July 30. 

Flamme’s Bogie, Belgian State Railways.* (21) Aug. 

The Swindon Superheater.* (21) Aug. 

Some Details the Articulated Locomotive Built the Shops the Canadian 
Pacific Railway.* (25) Aug. 

Mallet Articulated Locomotives, 2-6-8-0 Type, Great Northern Railway.* (25) 
Aug. 

Express Locomotive with Marine-Type Water-Tube Firebox; Northern Railway 
France.* (21) 

Permanent Way the State Railways.* (21) Aug. 

New Type Goods Locomotive; Belgian State Railways.* (21) Aug. 

Record Gravel Ballasting, Using Hopper Bottom Coal Cars Mile Haul. 
Wallace. (86) Aug. 

Air Rail Loader.* (15) Aug. 

Standard Culvert Tops; Chicago North Western.* (15) Aug. 

with Hollow Arch and Combustion Chamber.* Gaines. 
(15) 

Experimental Mallet Articulated Locomotive.* Evans. (Paper read before 

the Canadian Ry. Club.) Aug. 
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The Irish Railway Commission. (12) Serial Aug. 
Steam Turbine Electric Locomotive. (14) Aug. 


Costs Unloading Spacing and Ties. Wallace. (86) 

ug. 

Methods and Cost Unloading Railway Rails. Wallace. (86) Aug. 10. 

Engine-House Practice, the Handling Locomotives Terminals Secure 
Continuous Operation. Clark. (96) Aug. 11. 

Electrification Italian State Railway.* Warren Miller. (27) Aug. 11. 

Heavy Railway Work Along the Des Chutes River, Oregon.* (13) Aug. 11. 

Characteristic Energy Diagrams for Steam Locomotives. Dalby, Inst. 
Serial beginning Aug. 19. 

Crude Oil Treatment Ties. Faulkner. (15) Aug. 19. 

The Peking-Kalgan Railway and its Extension.* Dobbins. (13) 

Locomotives the Brussels Exhibition.* (12) Serial beginning Aug. 26. 

Proposed Safety Appliance Standards.* (Report the Interstate Commerce 
Comm.) (15) Aug. 26. 

The Sierra Leone Government Railway.* Edgar Allen Forbes. (15) Aug. 26. 

Methods and Cost Renewing Rail. Wallace. (86) Aug. 31. 

The Wear Rails Electrically Operated Railways.* (21) Sept. 

Mallet Compounds Pusher Service, Delaware Hudson Co.* (25) 


Locomotives, 0-8-8-0 Type, Norfolk and Western Railway.* 

Heavy Tank Engines; Northern France Railways and the State Railways 
Saxony.* (21) Sept. 

The Sleeper Depot, Ditton Junction, North Western Railway.* (21) 
ept. 

Two-Stage Superheater for Compound Locomotives; Eastern Railway 
France.* (21) Sept. 

Norwegian Single Phase Railway.* (15) Sept. 

Walschaert Valve Gear.* Benjamin Frey. (15) Sept. 

British Railways; Some Facts and Few Problems. Dalby, Inst. 
(Paper read before the Brit. Assoc. for the Sci.) (11) 
Sept. (12) Sept. 

New the Midland Railway Carriage and Wagon Works, Derby.* (12) 
ept. 

Breakages Railway Motor Pinions.* Geo. Fowler. Sept. 

South Cambria Railway.* (17) Sept. 

Strengthening Old Trestles the Wabash Railroad.* Sept. 

Mallet and Pacific Type Carolina, Clinchfield (15) Sept. 
(25) Sept.; (18) Sept. 

Freight and Passenger Railway using Gasoline Motor Cars.* (14) Sept. 10. 

Méthodes Nouvelles pour des Tracés Voies Chemins Fer.* 
Fort. (32) May. 

Marchandises Compound quatre Essieux Couplés Bogie avant 
Compagnie Paris-Lyon-Méditerranée.* (33) July 16. 

Note sur Surchauffer Systéme Churchward des Locomotives Great Western 
Railway.* Fort Houlet. (38) Aug. 

Note sur Locomotive Compound Quatre Cylindres Trois Essieux Accouplés, 
Essieu Porteur Bogie Série 210 des Chemins Fer 
Autrichien.* Jacques Neblinger. (38) Aug. 

Alésoir pour Cylindres Locomotives Montés sur les Longerons.* (34) Aug. 

Lavage Chaude des Chaudiéres Locomotives. (34) Aug. 

Locomotive avec Foyer Tubes d’Eau Compagnie Fer 
Nord.* (33) Aug. 

Fer Monorails Gyroscopes Stabilisateurs.* Ch. Dantin. (33) 
ug. 

July 

Hochlegung und viergleisiger Ausbau der Teilstrecke Potschappel-Hainsberg der 
Linie Dresden-Chemnitz.* Haase and Schmidt. (102) 
ginning Aug. 

Gleismeldeanlagen fiir Wechselstrombetrieb auf dem Verschiebebahnhofe Chemnitz- 
Hilbersdorf.* Besser. (102) Aug. 


Railroads, Street. 

Bracing and Sheeting Trenches.* Frank Carter, Assoc. Am. Soc. 
(86) July 27. 

Comparative Sections Thirty Retaining Walls and Some Notes Retaining 


Wall Design.* Frank Carter, Assoc. Am. Soc. (13) July 28. 
Boston Elevated Railroad Company’s New Tunnel.* (27) July 28. 
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Railroads, Street— (Continued). 


The Progress Electric Braking the Glasgow Corporation Tramway System.* 
Gerrard. (77) Aug. 

Pittsburg Transit Problems: Reports Bion Arnold. (13) Aug. (17) 

July 30; (96) July 28. 

Cars, Schedules, Power Consumption, Running Tests and Signals London Sub- 
ways.* (17) Aug. 

the Detroit United Railway. (17) Serial beginning Aug. 13; (13) 


ug. 
Design the Fourth Avenue Subway, Brooklyn.* (14) Aug. 20. 
Car Philadelphia with Anti-Friction Bearings.* Arthur (17) 
ug. 
The Electric Welding Rail Joints Street Railway Track.* (13) Sept. 
Bonding with Oxy-Acetylene Torch Minneapolis.* (17) Sept. 
Progressive Subsidence near Main St., Cambridge, Mass., and the Design the 
Subway.* Frank Carter, Assoc. Am. Soc. (13) 
ept. 
Valuation the Track the Detroit Street Railway System. (13) Sept. 
Tri-Borough Subway and Elevated System, New York City.* (14) Sept. 10. 
Les Travaux Chemin Fer Métropolitain Municipal Paris Traversée 


Sanitation. 


The Possibilities Rescue-Work Connexion with Mine Explosions and Fires.* 
Haldane. (59) Vol. 

Methods and Cost Constructing Concrete Sewers Richmond, Ind. Fred 

Charles. (67) July. 

Air Apparatus; its Construction and Application.* Carrier. 

uly. 
Safety and the Prevention Accidents.* William Tolman. (98) 
uly. 

Travelling Dredge Elevator Shieldhall Sewage Works, Glasgow.* (12) July 22. 

Central Heating Crawfordsville, Ind.* (101) July 30. 

The Heating, Ventilating and Air-Conditioning Factories.* Percival Robert 

Moses. (9) Serial beginning Aug. 

Garbage Disposal. Dimmick. (98) Aug. 

Some Structural Details the River Des Pere’s Foul Water Sewer St. Louis, 

Mo.* (86) Aug. 

Some Costs Small Sewer Work Day Labor Baltimore, Md. (86) Aug. 

Some Interesting Engineering Features the Louisville Sewerage.* (104) Serial 

beginning Aug. 

Sewage Disposal Seaside and Tidal Towns.* Price. (Paper read before 

the Inst. Mun. and County Engrs.) (104) Aug. 

Sewage Disposal the Vicinity London, England. Ogden. (14) Aug. 

The Fourteenth Street Sewer Tunnel, Washington, C.* Asa Phillips, Am. 

Soc. (14) Aug. 

us. 

The Operation the Seattle Refuse Destructor.* 13. 

Operation the Reading Sewage Purification Works.* Sherman Chase. (14) 

Aug. 

The Use Sand Jointing Material for Stoneware Pipe Sewers. 

(104) Aug. 19. 

The Sewage Disposal Works Mount Vernon, Y.* (14) Aug. 20. 

Specifications for Determining Cost Garbage Incineration.* (86) Aug. 24. 

Municipal Disinfecting Station Westminster, England.* (13) Aug. 25. 

Rat Plague Prevention San Francisco, Cal. Converse. 

(13) 

Sewage Disposal Works Bushey.* Ryder. (Paper read before the 

Inst. Mun. Engrs.) (96) Aug. 25; (104) Aug. 

Disposal City Refuse.* (96) Aug. 25. 

Sewage Disposal Works, North Attleborough, Mass.* (14) Aug. 27. 

Manufactural Wastes. Robert Spurr Weston. (From Cotton.) 
ug. 

Methods and Cost, Preparing and Placing Ashes Cinders for Filtering Material 

Contact Beds.* Bradbury, Am. Soc. (86) Aug. 31. 

The Modern Mosquito Extermination Campaign.* John Smith. (13) Sept. 

Description Aerobic Biological Purification Sewerage Means the Live 

Earth Bed System.* Owens. (96) Sept. 

The Reclamation Low Lands near Stockton, California.* (14) Sept. 

The Operating Control Sedimentation Plants from the German Viewpoint.* Karl 

Imhoff. (14) Sept. 


Illustrated. 
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Sanitation—(Continued). 


Liability Gas Companies for Injuries Resulting from Escape Gas. John 
Edson Brady. (24) Serial beginning Sept. 12. 

Richet.* Moreau. (92) July. 

Fiévre Typhoide Paris Banlieue.* Paul Vincey. (92) July. 

Systéme Réglage Automatique Température Ventilation des 
Locaux ainsi que Hygrométrique des leurs Atmosphéres ses Ap- 
plications Industrielles. J.-N. Obozinski. (30) Aug. 

Untersuchungen Ventilatoren fiir Liiftungsanlagen.* Brabbée und Berlo- 
(48) July 30. 


Structural. 


Notes Preservation and Creosote Production Europe.* Sterling. 
(2) uly. 

Information Regard Fabricated Wire Fences and Hints Purchasers. 
Allerton Cushman. (96) July 21. 

The Extension the Columbia Building, New York.* (14) July 23. 

Concrete Building with Steel Columns the Lower Stories.* (14) July 30. 

Corrosion Iron Embedded Concrete.* Guy Shaffer. (14) July 30. 

The Erection the Gimbel Building, New York.* (14) July 30. 

The Crystalline Pigments the Protection Wood.* Henry Gardner. 
(3) 

Design Steel Mill Building.* Davidson. (4) Aug. 

Device for Making Subsurface Tests the Bearing Power Soils with Some 
Examples Operation.* (86) Aug. 

Reinforced-Concrete Grain Bins for the Storage Annex Superior, Wis., Great 
Northern Ry.* Robbins. (13) Aug. 

The Carnegie Swimming Pool Yale University.* Farnham. (13) Aug. 11. 

Circular Bins for Cement Storage Dewey, Oklahoma.* (14) Aug. 13. 

Structural Steel Details the Ball Realty Building.* (14) Aug. 13. 

Unfilled Voids Concrete Foundations. (14) Aug. 13. 

The Effect Alkali Water Cement Mortars. Fisk, Jr., Assoc. Am. Soc. 
(13) Aug. 18. 

The Design Large Steel Tanks.* John and Wm. Irvine. (47) Aug. 19. 

Reinforced Arthur Auden, Assoc. Inst. (Abstract paper 
read before the Royal Inst. Pub. Health.) (104) Aug. 19. 

Hand-Driven Steel Sheet Piling, Bush Terminal, Brooklyn.* (14) 
Aug. 20. 

Silicon Steel; Results Tests made Show its Superiority over other Kinds.* 
Bisset. (20) Aug. 25. 

Computation Reinforced Concrete Flat Slabs.* Louis Brayton. (14) 
Aug. 27. 

The Behavior Hydraulic Compounds Sea Water.* Burchartz. (14) 
Aug. 27. 

Reinforced Concrete Coaling Station, Southern Railway.* 

Integrity Tests Metals. Alexander Outerbridge. (3) Sept. 

The Temperature Coefficient Resistance Copper. Dellinger. (3) Sept. 

Instance Corrosion Structural Steel. Dewitt Webb, Am. Soc. 
13) Sept. 

for Use Detailing Steel Structures.* Hart Vance. (13) Sept. 

The Strength and Cylinders.* Smith. (11) Sept. 

Some Notes Power Station Chimneys.* Killburn Scott, (22) 
Sept. 

Steel and Reinforced Concrete Grand Stand.* (14) Sept. 

Grouting Masonry Arches Hamburg. (14) Sept. 

Moving the Front Brick Building. (14) Sept. 

Two Concrete Locomotive Coaling Stations.* Witte. (14) Sept. 

Fire Hose Tests the Underwriters Laboratories, Chicago, Ill. Wm. Merrill. 
(Abstract from paper read before the Inter. Assoc. Fire Engrs.) 
Sept. 

Mechanical Properties Copper-Nickel Steels made from Electrolytic Iron and 
Monel Metal.* (13) Sept. 

Steel Substructure, Pennsylvania Terminal Post Office.* (14) Sept. 10. 

Arétiers Charpentes.* Sokoloff. (35) Serial beginning July. 

Question des Conduits Fumées dans les Habitations.* J.-J. Pillet. (92) 
July. 

des Réservoirs Circulaires.* Henry Lossier. (33) July 30. 

Essais des Aciers par Corrosion.* (93) Aug. 

Die Standsicherheit von Masten.* Miiller. (81) Pt. 

Tunnel aus fiir das Offiziersheim Falkenstein.* 
(51) Sup. No. 15. 

Ueber Betonpriifungen und Transportbeton.* Magens. (51) Sup. No. 16. 


Illustrated. 
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Structural—(Continued). 


Siloanlagen der Portland-Zement-Fabrik A.-G. Podsused bei Agram.* 
Zipkes. (51) Serial beginning Sup. No. 17. 

uly 

Versuche mit Ferro-Titan-Thermit und niedrigprozentigen Ferro-Titan fiir Gusseisen 
und Stahlformguss.* Leonhard Treuheit. (50) July 13. 

Uber Fr. Krauss. (52) 15. 

Praktische Erfahrungen kiinstliche Fundierungen verbauten Stadtgebieten 
Osterreichs.* Richard Kafka. (53) Serial beginning July 22. 


Kohlenasche und Zusammensetzung des Zementes beim 
Hoffmann. (80) July 23. 


Gefrorene und Betonmasse. (80) July 

Die Bedeutung der Fluorverbindungen fiir die Holzerhaltung. Netzsch. (102) 
Serial beginning Aug. 

Die der Durchbiegung von Kaufmann. (78) 

Universal-Betondecke Richard Hoffmann. (78) Aug. 

Eine Mechanische Kohlenbeschickungsanlage Eisenbeton Neubau der Kessel- 
hausanlage der Gewerkschaft Riedel bei Burgdorf Hannover.* 
Rudolf Giese, Jun. (78) Aug. 

(78) ug. 

des zweiten Fritz Emperger. (53) 
ug. 

von Isolier- und Baustoffen.* Heinrich Gréber. (48) Aug. 

Das zur Instandsetzung der Andreas-Kirchtiirme Braunschweig.* 
Gebensleben. (51) Aug. 

Sand und Kies. Bretschneider. (From Zentralblatt der Bauverwaltung.) (80) 
Aug. 

Die Festigkeit von Fichten- und Kiefernholz. Karl Dorr. (51) Aug. 17. 

Zusammenhang der des Gusseisens mit seiner Zug- und Druck- 
Herbert. (48) Serial beginning Aug. 20. 

Der des Zementes.* Rohland. (80) Aug. 27. 

Einige Schlussfolgerungen aus den von der Betonbauunternehmung Rella 
Neffe, Wien, vorgenommenen mit Plattenbalken.* Genel. 
(78) Sept. 

Versuche iiber den Einfluss des elektrischen Stromes auf Beton.* (78) 
Serial beginning Sept. 


Topographical. 


The Method Determining Stadia Surveys.* Adolph 
Meyer. (13) Sept. 


Water Supply. 


The Water-Supply Jeypore, Rajputana. (No. II.) Charles Egremont Stotherd. 
Assoc. Inst. (63) Vol. 180. 

Bloemfontein Additional Water-Supply.* Fitz-Edward Peet, Inst. 
Vol. 180. 

Reinforced-Concrete Reservoir.* Ernest Macartney Burgh, Inst. 
(63) Vol. 180. 

Hankow Waterworks.* Richard St. George Moore, Inst. (63) Vol. 180. 

Rating Pitot Tubes.* H.C. Berry. (2) July. 

The Sterilisation Water Chlorine and Ozone. Sims Woodhead. (Paper 
read before the Royal San. Inst.) (104) Serial beginning July 22; (96) 
Aug. 

Reinforced-Concrete Conduit Operating under Head.* (14) July 23. 

Mechanical Filter for the Removal Iron.* (14) July 23. 

High-Pressure Fire Protection System Oakland, Cal.* (14) July 23. 

The Shoshone Dam the United States Reclamation Service; Description the 
Method Constructing the Highest Dam the World.* Cole, Am. 
Soc. (14) July 23. 

Driving the Laramie-Poudre Irrigation Tunnel Colorado.* (13) July 28. 

The Plymouth Water Undertaking.* Frank Howarth. (Paper read before the 
Inst. Mun. and County Engrs.) (104) July 29. 

The Wood Pulp and Paper Mills the Anglo-Newfoundland Development Co.; 
Large Hydro-Electric Scheme.* (73) Serial beginning July 29. 

Barrow-in-Furness New Water Supply. (12) July 29. 

The Boulder Hydroelectric Plant.* (14) July 30. 

Poor Pipe Causes Red Water Springfield. (14) July 30. 

The Water Supply System Santiago, Cuba.* Cameron, Assoc. Am. Soc. 
(14) July 30. 

The Examination Water Electrical Methods.* Pollard Digby. (77) Aug. 


Illustrated. 
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Water 


Conservation Water Powers. Lewis Stillwell. (42) Aug. 

Electric Power the Construction the Los Angeles Aqueduct.* Scatter- 
good. (42) Aug. 

Availability Underground Waters for Manufacturing Purposes: Methods Secur- 
ing Such Waters, with Some Costs. Booth. (Paper read before the 
Amer. Inst. Chem. Engrs.) (86) Aug. 

The Great Northern Railway Tumwater Power Plant.* Frank Perkins. (96) 


Aug. 

Piping Charged with Causing Rusty Water; Report Investigation Spring- 
field, Mass. (101) Serial beginning Aug. 

The Appleton Water-Works Decision.* (14) Aug. 

The Water-Works Monterrey, Mexico.* (14) Aug. 

Water Softening Plants the Florida East Coast Railway.* Tomlinson. 
(13) 11. 

Field Assay Water.* Dole. Aug. 11. 

Determination the Resultant Angle Laying out Combined Bends for Pipe 
Lines.* Jackson. (13) Aug. 11. 

Effect the Length Penstock the Weight Revolving Parts Water- 
Wheel Unit. George Peek. (13) Aug. 11. 

The Water Supply Jerusalem. (14) Aug. 13. 

Water Purification Plant, Putnam, Conn.* (14) Aug. 

Capital City Plant, United Missouri River Power Company.* (14) Aug. 13. 

Laying 30-In. Pipe Line under the Pequonnock River.* Aug. 13. 

Construction Methods and Organization Constructing the Buffalo Works 
Tunnel.* (86) Aug. 17. 

Experiments Small Weirs and Measuring Modules.* Stevens, Assoc. 
Am. Soc. (13) Aug. 18. 

Irrigation the Okanagan and Thompson Valleys, British Columbia. Ash- 
(Paper read before the Irrig. Convention.) (96) Aug. 18. 

Hydroelectric Development the Arizona Power Company.* Masson. (14) 
Aug. 20; (27) Aug. 18. 

Michigan Hydroelectric Development.* (27) Aug. 25. 

Hydroelectric Development the United Missouri River Power Company.* (27) 
Aug. 25. 

Report the Flood the Zuni River, Sept. 1909.* Robinson, Assoc. 
Am. Soc. (13) Aug. 

Reinforced-Concrete Pumping Cistern Sunk into Place the Ground.* Dewitt 
Vosbury. (13) Aug. 25. 

Stoney-Gate Dam the Albula Canyon for the Hydro-Electric Power Plant 
the City Zurich, Hilgard, Am. Soc. (13) 


Aug. 25. 
Development Michoacan Power Company.* Irwin McBride. 
(14) 27. 


Combined Fire and Domestic Service Pumping Plants.* (14) Aug. 27. 

Some Experience Treating High-Colored Water from the Penobscot River 
Bangor, Me. (86) Aug. 31. 

The Elizabeth Tunnel.* Aston. (45) Sept. 

Results Double Filtration Experiments 


(14) Serial beginning 
Sept. 
the Fond Lac Water-Works. (14) Sept. 
Water Pipe Tunnels Milwaukee.* (14) Sept. 
Irrigation Pumping the Patterson Ranch.* Stevens. (14) Sept. 10. 
Some Rules for Water-Works Appraisals. (14) Sept. 10. 
Rolling Dams for Irrigation Mexico.* (14) Sept. 10. 
Siphon Béton Armé d’Albelda sur Canal d’Aragon Catalogne 
Mariano Luifia. (33) July 23. 
Der Nil als alter und neuer Zeit.* Paul Gerhardt. (49) Pt. 7-9. 
Das Sterzing.* Hans Baudisch. (53) July 29. 
beginning Aug. 20. 
Versuche iiber die Druckverteilung den Laufzellen arbeitender Reaktionsturbinen.* 
Pfarr. (48) Aug. 27. 


Waterways. 

The Reconstruction the Tyne North Pier. Ivan Collingwood Barling, Inst. 
(63) Vol. 180. 

Reconstruction the Canal-Boat Lift the River Weaver Anderton.* John 
Arthur Saner, Inst. (63) Vol. 180. 

Dock Equipment.* John Llewellyn Holmes, Inst. (63) 

Vol. 


Illustrated. 
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East Boston Deep-Water Terminal the Boston and Albany Railroad.* 
Morphy. (Paper read before the Bost. Soc. Civ. Engrs.) (1) July. 

Foreshore Protection.* (12) July 15. 

Methods and Costs Midwinter Surveying; the St. Louis and Cloquet River Surveys, 
Minnesota.* Adams, Assoc. Am. Soc. (13) July 28. 

Progress the Cape Cod Ship Canal. (14) July 30. 

The Siphon Lock the Barge Canal Oswego.* (From Barge Canal Bulletin.) 
(14) July 30; (86) Aug. 10. 

Wharf Construction Fort Mason, California.* (14) Aug. 

The Harbors Great Britain, with Some Reference those North Europe and 
North America. Nimmo, Can. Soc. (Paper read before the 
Sociological Soc. Great Britain.) (13) Aug. 11. 

Equipment the Panama Canal Works.* (12) Serial beginning 

St. Andrews Rapids Dam.* Borden. (12) Serial beginning Aug. 12. 

Measuring the Flow Large Streams.* Franklin Van Winkle. (64) Aug. 16. 

Reinforced Concrete Sea Wall Constructed Separately Molded Members.* (From 
Concrete and Constructional Eng.) (86) Aug. 24. 

Methods Employing Concrete Marine Structures with Data Durability 
Concrete Sea Water and Examples Typical Marine Structures Concrete.* 


Chandler Davis. (Abstract paper read before the National Assoc. Cement 
Users.) (86) Aug. 31. 


The Mechanism River Beds.* Lokhtine. (10) Sept. 

Bank Protection the Missouri River Bridge, Ry.* (18) Sept. 

Hoisting Boats Electrically, the Anderton Electric Driven Canal Boat Elevator.* 
Frank Perkins. (19) Sept. 

Couverture d’une Partie Canal Saint-Martin Paris, par une Vofite Beton 
Armé.* Mesnager. (33) Serial beginning July 30. 

Rapport Commission Chargée Rechercher les Causes des Inondations 
les Moyens Empécher Retour.* Dumas. (33) Aug. 13. 

Les Travaux Nouveau Canal dans Traversée Little Falls (Etat 
New-York).* Edmond Henry. (33) Aug. 20. 

Uber die der Formen der Riffeln und vom 
Blasius. (49) Pt. 7-9. 

Die kiinstliche Dichtung des Kanalbettes der Scheitelhaltung des Grossschiff- 
fahrtweges Berlin-Stettin.* Schliemann. (49) Pt. 7-9. 

Betrachtungen iiber Ebbe- und Flut-Theorien.* Franzius. (81) Pt. 

Das des Donaustromes bei Wien.* Ernst Lauda. (53) Aug. 12. 

Das generelle Regierungsprojekt fiir die der Hochwasserschutzmassnah- 
men der Wiener Donaustromstrecke.* Ernst Lauda. (53) Aug. 12. 

Wien von den der Donau dauernd bedroht.* Anton Waldvogel. (53) 
Aug. 

Die neuen Rheinwehre oberhalb Basel.* Krieger. Serial beginning Aug. 13. 


Illustrated. 
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MINUTES MEETINGS 
THE SOCIETY 


September 1910.—The meeting was called order 8.30 
M.; Director Samuel Thompson the chair; Chas. Warren 
Hunt, Secretary; and present, also, 192 members and guests. 

Three papers the New York Tunnel Extension the Pennsyl- 
vania Railroad were presented and illustrated with lantern slides, 
follows: “The Long Island Approaches the East River Tunnels,” 
George Clarke, Am. Soc. E., “The Lining the Four 
Permanent Shafts the East River Division,” Green, 
Assoc. Am. E., which were presented the authors, and 
“The Sunnyside Yard,” Louis Barker, Esq., which was presented 


Adjourned. 


PRE 
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October 5th, 1910.—The meeting was called order 8.30 M.; 
Bowman, Am. Soe. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, members and guests. 

The minutes the meeting September 7th, 1910, were approved 
printed Proceedings for September, 1910. 

paper Hopson, Am. Soe. E., entitled “The Tieton 
Canal,” was presented the Secretary, who also read communication 

The Secretary announced the election the following candidates 
the Board Direction October 4th, 1910: 


Harry Denver, Colo. 
Frank Brown, Shawnee, Okla. 

Dunn Bupp, Petersburg, Va. 

Frank Birmingham, Ala. 

Kansas City, Mo. 

JAMES Wellington, New Zealand. 
Burr Gester, San Francisco, Cal. 

ARTHUR GREENFIELD, New York City. 

ANDREW Hansen, Craft, Cal. 

TomAs Rincon Antonio, Oax., Mexico. 
New York City. 

Salt Lake City, Utah. 

JoHN Orr, Johannesburg, South Africa. 

Harry Toluca, Mex., Mexico. 
Horton WHITEFIELD STICKLE, Gatun, Canal Zone, Panama. 


Associate MEMBERS. 


WILLIAM FRANKLIN ALLISON, Golden, Colo. 
Dewey Paris, France. 
Apam Los Angeles, Cal. 
Dean Carr, Birmingham, Ala. 
3p, Lachine Locks, Que., Canada. 
Bruce Firmeza, Cuba. 

CLARENCE Derrick, Culebra, Canal Zone, Panama. 
Kansas City, Mo. 
Fuqua, Montgomery, Ala. 
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Bisbee, Ariz. 

Henry New Britain, Conn. 

Hays, Victoria, C., Canada. 
Kearney Everett South Bethlehem, Pa. 
St. Louis, Mo. 

Natt Gatun, Canal Zone, Panama. 

Martin, St. Augustine, Fla. 

JEFFERSON San Saba, Tex. 

Jackson Evansville, Ind. 

WILHELM, Oakland, Cal. 

Harry Bahia Blanca, Argentine Republic. 


RAMASWAMIER PANCHANADAM Hindupur, India. 


Backus, Ensenada, Porto Rico. 
Baltimore, Md. 

Poona City, India. 
Henry Hart Louisville, Ky. 
Henry Boston, Mass. 
WILLARD Des Moines, Towa. 
Mare Island, Cal. 

JoHN Cebu, Philippine Islands. 

Asa Proctor, Woodland, Cal. 

Benepict Kansas City, Mo. 
Atva New Florence, Mo. 

The Dalles, Ore. 
New York City. 

Harry Stanton, Paso, Tex. 

Sun, Shanghai, China. 
Howarp THomas Brewerton, 
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The Secretary announced the transfer the following candidates 
the Board Direction October 4th, 1910: 


Ernest Brisbane, Australia. 
Pirts, Baltimore, Md. 


From Junior MEMBER. 
Moore Savannah, Ga. 


From Junior MEMBER. 
ALLEN, Boston, Mass. 
Artuur New York City. 
Haney Burke, Chicago, 
Harrison Foss, Palo Alto, Cal. 
Penrose, Colo. 
Cristobal, Canal Zone, Panama. 
Frank Orman, Dak. 
Parsons, Bakersfield, Cal. 
St. Louis, Mo. 
Ernest New York City. 


From Junior 
Leroy New York City. 
Adjourned. 


THE BOARD DIRECTION 
(Abstract) 


October 4th, 1910.—President Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Belknap, Brackett, 
Kittredge, Knap, Loomis, Loweth, Macdonald, Pegram, Schneider, 
Stearns, Swensson, Thompson, and Wilkins. 

Three Corporate Members the Society from each State the 
Union were appointed, accordance with the action the Business 
Meeting the Annual Convention, co-operate with the Board 
Direction the matter any proposed legislation affecting the 
practice Civil Engineers. 

Ballots for membership were canvassed resulting the election 
Members, Associate Members, Associate, and Juniors, and 
the transfer Junior the grade Member, Juniors the 
grade Associate Member, and Junior the grade Associate. 

Four Associate Members were transferred the grade Member. 

Applications were considered and other routine business transacted. 
Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


November 2d, 1910.—8.30 M.—At this meeting paper entitled 
“The Arch Principle Engineering and Esthetic Aspects, and its 
will presented for discussion. 

This paper was printed Proceedings for September, 1910. 


November 16th, 1910.—8.30 M.—A paper Wadsworth, 
Am. Soe. E., entitled “The Failure the Yuba River Débris 
Barrier, and the Efforts Made for its Maintenance,” will presented 
for discussion. 

This paper was printed Proceedings for September, 1910. 


December 7th, 1910.—8.30 M.—At this meeting paper entitled 
Seott, Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


SPECIAL MEETINGS FOR TOPICAL DISCUSSION 


Preliminary notice hereby given that Friday and Saturday, 
January 20th and 1911 (the days following the close the 
Annual Mecting the Society), three meetings the Society will 
held, the first the morning Friday, January 20th, 1911, the 
second the afternoon that day, and the third the morning 
Saturday, January 21st, 1911. 

these meetings the general subject for topical and 
its subdivisions, which will taken separately, are: 


Construction and 


(1) Preliminary Investigations. 
(2) Relative Value Three Methods Carrying Work: 
(a) That which both labor and material are furnished 
the contractor. 
(b) That which the material supplied the party 
the first part, and the labor the contractor. 
(c) That which both the labor and material are supplied 
the party the first part. 
(3) Systems Maintenance. 
(4) The Use Water, Chloride, Light Oils, ete., Dust 
Palliatives. 
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(5) Surface Treatment with Tars, Heavy Oils, ete. 
(6) The Use Bituminous Materials Penetration Methods. 
(7) The Use Bituminous Materials Mixing Methods. 
The discussion the above topics will presented 
engineer specially selected for that purpose, and such presentation 
will limited ten minutes; the discussion each the subse- 
quent speakers will limited five-minute talks, order that every- 
one interested may have opportunity give his views, and that Bet 
the resulting discussion, when edited and collated, under the rules per 
the Society, for publication, may concise summary present- 
All engineers interested road building, whether members the the 
Society not, are invited present and take part this 
discussion. 
The hours for holding the meetings, names speakers, will 
given subsequent notice. 
LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL ELECTION, JANUARY 18th, 
The following list nominees for the offices filled the 
Annual Meeting, January 18th, 1911, received from the Nominating 
Committee, was presented the Board Direction its meeting 
September 6th, 1910. The list has already been mailed ‘to all 
Corporate Members: 
mi 
For President, serve one year: 
For Vice-Presidents, serve two years: 
For Treasurer, serve one year: 
Knap, New York City. 
For Directors, serve three years: 
Henry Stott, New Rochelle, District No. 
JonaTHAN Snow, Boston, District No. 
St. Paul, Minn............... District No. 
Louisville, Ky............... District No. 
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THE JOHN FRITZ MEDAL 


PUBLIC MEETING FOR THE PRESENTATION THE 
MEDAL FOR 1910 


The John Fritz Medal was established the professional asso- 
ciates and friends John Fritz, Hon. Am. Soc. 
Bethlehem, August 21st, 1902, his eightieth birthday, 
perpetuate his achievements industrial progress. 
The Medal awarded Board sixteen, made equal numbers 
from the membership the American Society Civil Engineers, 
the American Institute Mining Engineers, the American Society 
Mechanical Engineers, and the American Institute Electrical 
Engineers. awarded for notable scientific industrial achieve- 
ment, and there restriction account nationality sex. 

Awards this medal date have been made follows: 

The first (1905) Lord Kelvin “for his Work Cable Telegraphy 
and other Scientific Attainments.” 

The second (1906) George Westinghouse “for the Invention and 
Development the Air Brake.” 

The third (1907) Alexander Graham Bell “for the Invention 
and Introduction the Telephone.” 

The fourth (1908) Thomas Alva Edison “for the Invention 
the Duplex and Quadruplex Telegraph; the Phonograph; the Develop- 
ment Commercially Practical Incandescent Lamp; the Develop- 
ment Complete System Electric Lighting, Including Dynamos, 
Regulating Devices, Underground System Protective Devices and 
Meters.” 

The fifth (1909) Charles Porter “for his Work Advancing 
the Knowledge Steam Engineering and Improvements Engine 
Construction.” 

The Medal for 1910 has been awarded Alfred Noble, Past- 
President, Am. Soc. E., “for Notable Achievements Civil 
Engineer,” and will presented meeting held the House 
the American Society Civil Engineers the evening Wednes- 
day, November 30th, 1910, 8.30 All members the four 
National Societies above named, and all others interested, are invited 
present. 

Dr. Samuel Sheldon, Past-President, Am. Inst. Elec. Engrs., now. 
President the Board Award, will preside, and addresses will 
made Isham Randolph, Am. Soc. E., Chicago, Rossiter 


Raymond, Secretary the American Institute Mining Engineers, 
and others. 
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SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 


Proceedings, Vol. (January, 1907). 
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*be scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 

Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held M., the 
Palace Hotel, the third Friday February, April, June, August, 
October, and November, and also the third Wednesday December, 
the latter being the Annual Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. 
E., 623 Wells Fargo Building. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
and any such member will gladly guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 
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Colorado Association 
(Abstract Minutes Meeting) 


September 1910.—The meeting was called about 
8.30 M.; President Anderson the chair; Burt, Secretary; 
and present, also, members and guests. 

The meeting was devoted discussion the proposed bill for 
the Licensing Civil Engineers. President Anderson, acting 
Chairman the Committee Legislation, presented preliminary 
draft the proposed bill. general discussion the subject followed, 
but definite action was taken. The Committee expects present 
revised draft the bill later meeting. 


Adjourned. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 
Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Architekten-Verein Wilhelmstrasse 92, Berlin 66, 
Germany. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 

Minn. 
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Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 

Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 

Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 

Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 

Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, W., 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From September 13th October 10th, 1910) 


DONATIONS* 
THE CONSTRUCTION GRAPHICAL CHARTS. 


John Peddle. Cloth, in., illus., 109 pp. New 
York and London, Book Company, 1910. $1.50. 


Little has been written English, the author states, the subject 
nomography, except few magazine articles, and with the hope supplying 
this deficiency that has issued this, the first American, book the subject. 
The subject-matter originally appeared serial form the American Machinist. 
The calculating chart, nomogram, device for performing expeditiously the 
work calculation for the engineer designer, leading saving time and 
minimizing the chances error. order make the instrument useful 
engineer should sufficiently acquainted with the underlying principles its 
construction adapt his individual needs, and the author states that has 
been his aim make these principles clear. The mathematical treatment has 
been simplified, instead purely theoretical analysis the methods used, 
series illustrative problems have been worked out detail for nearly all the 
chart forms described, and the charts are applied only the simpler forms 
equations. also stated that ‘‘the processes described here, thoroughly 
understood, should sufficient cover large proportion the formulas 
common The Chapter Headings are: Charts Plotted Rectangular Co- 
ordinates The Alinement Chart; Alinement Charts for More than Three 
The Hexagonal Index Chart; Proportional Charts; Empirical Equations; Stereo- 
graphic Charts and Solid Models. 


STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS. 


Written and Compiled Staff Specialists. Third Edition, 
Revised and Enlarged. Morocco, in., illus., 1497 pp. New 
York and London, McGraw-Hill Book Company, 1910. $4.00. 


stated that this edition this work has been thoroughly revised and 
greatly enlarged, 200 pages new matter having been added and many 
new reference tables included, and that about 40% the subject-matter 
entirely new. said cover the entire field electrical engineering 
and contain much data that will interest and help consulting, con- 
tracting, and designing engineers. The subject-matter divided into twenty sec- 
tions units, each which has been written specialist. Recognized stand- 
ards, especially those recommended National societies organizations, have 
been followed wherever possible. Section contains the Standardization Report 
the American Institute Electrical Engineers for 1910, the Specifications for 
Copper Wire the American Society for Testing Materials, the Specifications for 
Rubber Insulation the Rubber Covered Wire Engineers, the Standard Axles, 
Journals, and Brakes the American Street and Interurban Railway Engineering 
Association, etc. the Index all references are made section and paragraph, 
the latter being numbered from one the end. Cross references are also made 
the Index all other parts the book where that subject may treated. 
The Contents are: Units, Otis Allen Kenyon; Electric, Magnetic and Dielectric 
Circuits, Otis Allen Kenyon; Measurements and Measuring Apparatus, Otis 
Allen Kenyon; Properties Materials, Otis Allen Kenyon; Magnets, Resistors, 
Condensors, and Reactors, Otis Allen Kenyon; Transformers and Converters, 
McAllister; Electric Generators, Hobart and Otis Allen Kenyon; 
Electric Motors, McAllister; Batteries, Edward Lyndon and Otis Allen 
Kenyon; Central Stations, Beardsley and George Shaad; Transmission 
and Distribution, Arthur Vaughan Abbott and Otis Allen Kenyon; Illumination. 
Roeber; Telephony, Kempster Miller; Telegraphy, Otis Allen Kenyon; 
Miscellaneous Applications, Otis Allen Kenyon; Wiring, William Onken; 
Standardization Rules; Tables and Statistics; Index. 


CONTRACTS ENGINEERING. 
The Interpretation and Writing Engineering-Commercial Agree- 

New York and London, Book Company, 1910. $3.00. 


The chief aim this book, set forth the preface, familiarize engi- 
neering students with the major principles common law relating Contracts, 


Unless otherwise specified, books this list have been donated the publishers. 
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other legal branches being included only far they apply the doctrines 
contract law. About one-third the book, therefore, relates commercial 
contracts, the remainder dealing with elementary principles common all con- 
tracts, namely, stocks, bonds, notes, sales, the law property general, agency, 
tort, the formation partnerships, and the powers and functions corporation 
officials. The author, Assistant Professor Civil Engineering, Tufts Col- 
lege, prepared much the present material course Contracts and Specifi- 
cations, and hopes that will prove textbook suitable form and subject- 
matter for use engineering schools. Appendix Notes are given outline topics 
where too many details and correlated ideas have developed, and bold face type, 
numbered section titles, italics, and comprehensive index, make the book 
valuable for reference. Analytical diagrams the chapters and lists quiz 
questions and problems are given the end each chapter. The Contents are: 
Contract Essentials; Development Contract Principles; Agency, 
Tort, and Independent Contractor; Real Property; Contracts Association— 
Corporations Contracts Sale and Negotiable Paper; Preparing 
and Writing Engineering Contracts; Appendix Notes; Index. 


STANDARD SPECIFICATIONS. 


For Structural Steel—Timber—Concrete and Reinforced Concrete. 
pp. New York and London, Book Company, 
1910. $1.00. 


set ten specifications contained this book and intended suit 
equally the needs engineers, architects, contractors, teachers, 
These specifications are stated the author cover the most important materials 
used construction work any magnitude and condensed avoid 
unnecessary repetition. They are said consistent and conform in. every 
essential the latest experiments and investigations, the best authorities, 
modern practice, and the author’s experiences. Particular attention called 
the specifications for reinforced concrete, being rather extensive and prob- 
ably the first complete set existence. The subject-matter relating each 
specification arranged nearly possible the order which the informa- 
tion will required. The Chapter Headings are: Steel Framework Buildings; 
Highway Bridges; Railroad Bridges; Plate Girders; Materials and 
Inspection, Painting and Erection; Structural Timber; Cement; Portland-Cement 
Reinforced Concrete; Index. 


DUST PREVENTIVES AND ROAD BINDERS. 

York, John Wiley Sons; London, Chapman Hall, Limited, 1910. 
$3.00. 


The subject dust prevention and road preservation stated the author 
present transitional state, and that much yet learned the 
effect certain properties road binders the results obtained practice. 
has been his aim this book furnish road engineers with working knowledge 
the properties the dust preventives and road binders now use and develop 
certain fundamental principles relative their selection and application. 
Chemist the United States Office Public Roads during the past five years, the 
author has supervised the ‘examination practically all the different road binders 
and their use under varying conditions many parts the country, and the 
conclusions presented herein are based his experiences the laboratory and 
the field. The Contents are: Dust Prevention and Road Preservation; Classifi- 
Dust Preventives and Road Binders; Inorganic Dust Preventives and Road 
Binders; Organic Non-Bituminous Dust Preventives and Road Binders; Hydro- 
Bitumens Employed Dust Preventives and Road Binders; Petroleum 
and Petroleum Products; Semi-Solid and Solid Native Bitumens; Application 
Petroleum and Asphaltic Materials; Tars and Tar Products; The Application 
Tar and Construction Bituminous Macadam; The Examination Bituminous 
Road Materials and Interpretation Results; Methods Testing Bituminous 
Road Materials Proposed Adopted American Societies; Selection Dust 
Preventives and Road Binders; Appendix. 


SEWAGE DISPOSAL. 

Leonard Kinnicutt, C.-E. Winslow, and Winthrop 
Pratt. Cloth, in., illus., 436 pp. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1910. $3.00. 


this volume given, stated, general survey the problem sewage 
disposal viewed from the standpoint the chemist, the sanitary biologist, and 
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the engineer, with particular reference American practice. has been the aim 
the authors discuss the fundamental principles chemistry and bacteriology 
involved somewhat fully, and include also the more important aspects the 
engineering works designed for their operation. hoped that the book may 
prove useful not only the student sanitary engineering, but also the engi- 
neer, the chemist, the bacteriologist, and the public health official concerned 
the construction and operation sewage disposal plants. The Chapter Headings 
are: The Sanitary Demand for Sewerage and Sewage Disposal; Composition 
Sewage; Disposal Sewage Dilution, Screening and Straining Sewage; 
Primary Treatment Sewage Sedimentation; Preliminary Treatment Sewage 
Chemical Precipitation Preliminary Treatment Sewage the Septic Process; 
Disposal Sewage Sludge; Purification Sewage Broad Irrigation and Sewage 
Farming; Purification Sewage Intermittent Filtration Through Sand; Purifi- 
cation Sewage Contact Beds; Purification Sewage Trickling Perco- 


lating Beds; Disinfection Sewage and Sewage Effluents; Analysis Sewage and 
Sewage References; Indexes. 


HENDRICKS’ COMMERCIAL REGISTER THE UNITED STATES 
For Buyers and Sellers. Nineteenth Annual Edition. Cloth, 


104 illus., 100 1342 pp. New York, Samuel Hendricks 
Co., 1910. $10.00. 


This publication stated especially devoted the interests the 
architectural, mechanical, engineering, contracting, electrical, railroad, iron, steel, 
hardware, mining, mill, quarrying, exporting, and kindred industries, being 
complete annual index containing business classifications and the names and 
addresses manufacturers and dealers everything used the manufacture 
material, machinery, and apparatus for these vast industries. The contents 
are classified subject, under which are given, alphabetical order and, 
some cases, States, the names and addresses firms dealing that particular 
article. alphabetical list advertisers and the addresses their branches, 
included. There index 100 pages. 


DEUTSCHER AUSSCHUSS FUR EISENBETON. 


Bericht des Materialpriifungsamtes Gross-Lichter- 
felde-West iiber die Ihm Uebertragenen Versuche mit 
Reihe und II. Erstattet von Professor Rudeloff. Paper, 


Marks. 


This work embodies the report the German Committee Reinforced Con- 
tests reinforced concrete columns. These tests were made deter- 
mine the influence various cross and longitudinal. forms reinforcement, and 
covered the years from 1907 1909. The report divided into two parts, 
series; namely, Preliminary Tests and Supplementary Tests, and stated that 
contains descriptions the best forms cross reinforcement used 
reinforced concrete columns. All the columns tested were made the same con- 
crete, and they were arranged they would appear actual practice. Three 
similar tests were made for each series with the same form reinforcement. 
The arrangement the subject-matter each part follows: Specifications 
materials, materials used, methods actual construction, testing the concrete, 
and tests the columns, under which latter the apparatus used for measuring the 
change forms, the results the tests, and the conclusions reached, are dis- 
cussed. The Contents are: Vorversuche (Reihe I): Bauart der 
Die verwendeten Baustoffe Herstellung der Priifung des Betons; Festigkeits- 
versuche mit den (Reihe II): Arbeitsplan; Die 
verwendeten Baustoffe; Herstellung der Priifung des Betons; Festigkeits- 
versuche mit den der Zusammensetzung und der Dichte 
des Betons beim Stampfen der Anlagen. 


THE EARNING POWER RAILROADS, 1910. 
Compiled and Edited Floyd Mundy. Cloth, in., 461 pp. 
New York and Chicago, Jas. Oliphant Co., 1910. $2.50. 


This volume contains, stated, important statistics relating the earning 
power and the securities practically all the railroads the United States, 
Canada, and Mexico. After the Introductory Chapters which explain general 
way the fundamental principles applied ascertaining the value the 
stocks bonds any railroad, Tables are given, which show the range 
earnings the railroads over series years, their mileage, capitalization, ton- 
nage, income accounts, etc. These Tables are arranged permit easy 
comparison between those each road. The Tables are followed Notes which 
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contain information regarding the capitalization, investments, physical and financial 


condition, etc., the various roads, and 
facts given the Tables. 


reviewed. The Contents are: Index; 
tenance Expenses 
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Gifts have also been received from the following: 


Gold Min. Co. 
pam. 

Architekten-Verein Berlin. 

Assoc. Froid. pam. 

Assoc. Ry. Telegraph Supts. pam. 

Augusta, Ga.-City Council. pam. 

Boston Maine Co. pam. 

Brit. Fire Prevention Committee. 
bound vol. 

Cambridge, Mass.-Mayor. bound vol. 

Canada-Dept. Marine and 


Alaska Treadwell 
pam. 


pam. 
Cape Good Hope-Gen. Rys. 
vol., bound vol. 


Carnegie Steel Co. pam. 
Chicago North Western Ry. Co. 


pam. 

Chicago, Indianapolis Louisville Ry. 
Co. pam. 

Chicago, Milwaukee St. Paul 
Co. pam. 

Chicago, St. Paul, Minneapolis Omaha 
Ry. Co. pam. 

Colorado-Geol. Survey. bound vol. 

Colo. Scientific Soc. pam. 


Conn.-Saybrook and Lyme, Conn., River 
Bridge Comm. pam. 

Creuzbaur, Walter. bound vol. 

Engrs.’ Club Philadelphia. bound 
vol. 

Engrs.’ Soc. St. Paul. pam. 

France-Ministére des Travaux Publics, 
des Postes des Telegraphes. 
pam. 


pam 
Hampstead, England-Borough Engr. and 


Surv. pam. 

Hartford, Conn.-City Engr. pam. 

Highland Ry. Co. pam. 

Hocking Valley Ry. Co. pam. 

Houston, John bound vol. 

Hyde, Charles pam. 

Illinois, Univ. of-Agri. Exper. Station. 
bound vol. 

Institution Naval Archts. bound 
vol. 


Inter. Peat Eng. Co. pam. 
Iron and Steel Inst. bound vol., 


pam. 
Lake Mohonk Conference Inter. Arbi- 


tration. pam. 

London, England-City Engr. pam. 

McGill Coll. bound vol. 

Madras, India-Public Works Dept. 
pam. 

Maine Central Co. pam. 

Michigan-State Board Health. 
pam. 

Min. Soc. Nova Scotia. pam. 
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preparing this book, 
annual reports railroads have been used, and those 140 railroads have been 
Income Account; Operating Expenses; Main- 
Maintenance Way; 
Transportation and General Expenses; The Operating Ratio; Fixed Charges; Stock 
Outstanding Its Relation Earning Power; Guarantees and Their Relation 
Surplus Available for Dividends; Tables; Notes. 
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which are used supplement the 
stated that the official 


Maintenance Equipment; Traffic 


Minneapolis, St. Paul Sault Ste. Marie 
Ry. Co. pam. 

Mississippi-Geol. Survey. 


Nashville, Chattanooga St. Louis Ry. 
Co. pam. 

National Board Fire Underwriters. 
pam. 

New Jersey-Geol. Survey. pam. 

New Mexico-Territorial Engr. pam. 
New South Wales-Chf. Commr. for Rail- 
ways and Tramways. pam. 
New York State-Public Service Comm., 

Second Dist. pam. 
New York City Record. bound vol. 
New York, New Haven Hartford 
Co. pam. 
New York, Ontario Western Ry. Co. 
pam. 
Norfolk Western Ry. Co. 
North Brit. Ry. Co. pam. 
North-East Coast Institution Engrs. 
and Shipbuilders. bound vol. 


pam. 


Ohio Soc. Mech., Elec. and Steam 
pam. 

Oliphant, Jas. H., Co. 
bound vol. 


Philadelphia Rapid Transit Co. pam. 
Philippine Islands-Bureau Health. 


pam. 

pam. 

Philippine Islands-Weather Bureau. 
pam. 

Poor’s Manual Co. bound vol. 


Providence, I.-City Engr. pam. 

Providence, I.-Dept. Public Works. 
pam. 

Reading Co. pam. 

Richards, Ralph pam. 

Richardson, Clifford. pam. 

St. Louis, Mo.-Water Commr. pam. 

Sao Paulo, Geo- 


graphica Geologica. map. 
South Dakota-Board Commrs. 

bound vol. 
Tennessee-State Geol. 
Thompson, Slason. bound vol. 
Toledo, Peoria Western Ry. Co. 

Toronto, Ont.-City Engr. 


Survey. pam. 


bound vol. 


vol. 

vol. 

and Geodetic Survey. 
map, pam. 
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S.-National Conservation Comm. Wabash Co. 


pam. 
pam. Western Mines. 
S.-Weather Bureau. bound vol. pam. 


Verein Deutscher Portland-Zement- Western Ry. Club. bound vol. 
Fabrikanten. pam. Wilson, Edward. pam. 

Victoria-Land and Works Board, Ry. Wisconsin, Univ. of. pam. 
Constr. Branch. pam. Yale Univ. pam. 


PURCHASE 


The National American Biography. Supplement 
James White Company, New York, 1910. 


The Mechanical Engineers’ Pocket-Book, Reference-Book 
Rules, Tables, Data, and For the Use Engineers, Mechanics, 
and Students. William Kent. Edition, Rewritten. John 
Wiley Sons, New York, 1910. 


The New International Year Book, Compendium the World’s 
Progress, 1908 and 1909. Vol. Editor, Frank Moore Colby; Asso- 


ciate Editor, Allen Leon Churchill. Dodd, Mead and Company, New 
York, 1910. 


Freight Transportation Trolley Lines. Charles Pease. 
McGraw-Hill Publishing Company, New York, 1909. 
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MEMBERSHIP 


ADDITIONS 
(September 13th October 1910) 
MEMBERS 
Nazas Val. Pac. Ry., Tepehaunes, 


Durango, Mexico 


Kansas City, 
THOMAS ARCHIBALD. Deputy Engr., San Diego 
County Highway Comm. (4640 Campus Ave.), San 
Diego, Cal 
ARTHUR ALLEN. Civ. and Min. Engr., 1026 Twelfth 
Ave., West, Spokane, Wash 


BREED, OLIVER CLARK. Civ. and Hydr. Engr., Fulton, 


Byron Harkness. Chf. Engr., Mexico North 
Western Ry., Chihuahua, Chih., Mexico 

ENSIGN, GUERT WILLIAM. Asst. State High- Assoc. 
way Commr., Harrisburg, 

FIELD, FREDERICK ELBERT. Prin. Div. Engr., 
Bureau Filtration (Res., 1130 Sher- 

FILLEY, OLIVER Superv. Engr., Bureau Public 


Works, Philippine Islands, Manila, Philippine Islands. 


Foster. New England Levering Gar- 
rigues Co., Steel Contrs.; Address, Connecticut 
Mutual Bldg., Hartford, Conn 


GARDINER, JOHN Civ. and Hydr. Engr., Assoc. 


733 Central Bldg., Los Angeles, 
JAMES Epwin. Asst. Engr., Am. Pipe and Constr. 
Co., 112 North Broad St., Philadelphia, 
Hopkins Taylor, 900 
Pittsburg, 


Assoc. 

Lockwoop, WILLIAM FREDERICK. Engr., W., Inter- 
borough Rap. Transit Co., 165 Broadway, Room 
1225, New York City 

With Bellew Merritt Co., 
226 Niagara St., Lockport, 

RAYMOND, ALFRED. Gen. Mgr., Drainage, Sewerage, and 
Water Board New Orleans, 503 City Hall Annex, 
New Orleans, 


Jun. 
JENCKES, LAWRENCE BATES. Fruit 


Date 
Membership. 
Feb. 1899 
Sept. 1930 


1906 
Sept. 1910 


June 30, 
Sept. 


Sept. 
Nov. 
Sept. 


Oct. 
Sept. 


April 


Sept. 
Mar. 
Sept. 


Sept. 
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1910 
1910 
1908 
1910 
1910 
1910 
1906 
1910 
May 31, 1910 
Mar. 31, 1891 
Sept. 1910 
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MEMBERS 


Ry. Co., Savannah, 


SHOEMAKER, Henry. Engr. Chg. 


Design, Am. Bridge Co., Frick Bldg., 


Pittsburg, 
SMETTERS, SAMUEL Asst. Bridge Engr., The Sani- 

tary Dist. Chicago, 125 Monroe St., Room 1500, 

THORNTON, CHARLES JAMES. Normanhurst, Pembroke 

Crescent, Hove, Sussex, England.................. 


New Orleans, 


ASSOCIATE MEMBERS 


640 Bee Bldg., Omaha, Nebr.... 


Haney. Computer, Sanitary 
Dist. Chicago, 1546 South Jun. 


DEAN Asst. Designing Engr., Central 
Water-Works, Box 141, Birmingham, Ala.......... 
CLARK, ARTHUR Asst. Engr., New York State 
Public Service Comm., First Dist., Flatbush Ave., 
1317 Spruce St., Philadelphia, Pa.......... 


3p. Box 166, Lachine Locks, 
Cox, CHARLES Barrows. Asst. Engr., Reclamation 
Engr., 407 First National Bank Bldg. Jun. 
(Res., 299 Norton St.), New 


DAMBACH, WILLIAM Junior Engr., Engr. 
Geological Survey, Beverly, Wash................. 
WILLIAM. William St., New York City........ 
Civ. and Irrig Engr., Greeley, 


Bldg., San Francisco, Cal.......... ... 


[Society 
Date 
Membership. 

Nov. 1902 
Oct. 1910 
Oct. 1899 
Sept. 1910 
Sept. 1910 
Sept. 1910 
June 1905 
Sept. 1910 
April 1910 
Sept. 1910 
Dec. 1906 
Oct. 1910 
Oct. 1910 
Oct. 1910 
Sept. 1910 
Jan. 1906 
Sept. 1910 
Oct. 1910 
Sept. 1910 
May 31, 1904 
Sept. 1910 
Sept. 1910 
Sept. 1910 
Oct. 1910 
Sept. 1910 
Jan. 1907 
Sept. 1910 
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ASSOCIATE MEMBERS 


HAYES, ANDREW JENKINS. Care, Reclamation Service, 


HENDRICKS, KEARNEY Instr. Civ. Eng., Lehigh 


Leroy LEMAYNE. 612 Goodwyn Inst. Bldg., 
JAMES, MERTON Barge Canal Office, Amsterdam, 
JEWETT, JOHN Cement Expert, Reclamation 
Service, 408 Commonwealth Bldg., Denver, Colo.... 
Henry ALEXANDER. Care, Glyndon Jun. 
Contr. Co., Yorktown Heights, Y... Assoc. 
JAMES Res. Engr., 
Hering Fuller, 314 Oak Hall Bldg., 
MARTIN, JOHN. Civ. Engr. and City Surv., 2078 Wiegand 
MEEM, JAMES LAWRENCE. Mt. Jackson, Va.............. 
Chf. Engr., Grand Junction Grand 
River Val. Ry. Co., Grand Junction, Colo.......... 
JOHN BONAVENTURE. Care, Lehigh Car Wheel 
Axle Works, Church St., New York City........ 
O’CONNELL, GEORGE Asst. Engr., Board Water 
Supply New York City, Brown Station, Y.... 
HERBERT Cons. Engr., Room 511, South- 
ALBERT HASKELL. Structural Engr., Y., West- 
chester Boston Ry. Co., Beaver St., New York 
ERNEST ‘FRANKLIN. Engr. 
Office, Room 710, Army Bldg., New Jun. 
(Donald Smith Co.), 810 Surety 
Roy Martin. Asst. Engr., Reclamation Ser- 


Murray. Chf. Draftsman, Eng. Dept., Oregon 
Short Line Co., 606 Deseret News Bldg., Salt 


Apartments, Cor., Bell and Fannin Sts., 
JR. City Engr., 1504 Capitol St., 


463 
Date 
Membership. 
Sept. 1910 
Oct. 1910 
1910 
Oct. 1910 
Sept. 1910 
Sept. 1905 
1909 
Oct. 1906 
1910 
May 31, 1910 
Oct. 1910 
Sept. 1910 
Sept. 1910 
Sept. 1910 
May 31, 1910 
Sept. 1910 
Sept. 1910 
Mar. 1908 
Oct. 1910 
Sept. 1910 
Sept. 1910 
Sept. 1910 
1905 
Sept. 1910 


Sept. 


; 
‘ 
q q 
4 
4 


464 MEMBERSHIP—ADDITIONS [Society 


ASSOCIATE MEMBERS (Continued). Date 

Membership. 

Supt. Constr. with Superv. 

Archt., Treasury Dept.; Address, Appleton, Wis. Sept. 1910 
WALKER, ALBERT WILLARD. Asst. Engr., Reclamation 
WaRNER, JOHN County Surv. and Highway Engr., 
Scott County, Benton, Scott Co., Mo.............. Sept. 1910 
WATERBURY, LESLIE ABRAM. Prof. Civ. Assoc. Nov. 1906 

Eng., Univ. Arizona, Tucson, Ariz... June 30, 1910 


Engr., Water, Light and Power 


Dept., City Austin, Austin, Tex................ 1909 
WHIPPLE, With Govt. Naval Magazine, 

WHITAKER, WILLIAM FRANKLIN. Supt. 

Canals, Kern County Canal Water Jun. April 1905 


Co., 2620 Nineteenth 


St., Bakersfield, Assoc. Sept. 1910 


Lyte ANTRIM. Prin. Asst. Engr., 
Long Sault Development Co. and St. Jun. Oct. 31, 1905 
Lawrence River Power Co., Massena, Assoc. Sept. 1910 


JUNIORS 


BAILEY, CLIFTON GEORGE. 


Sub.-Insp., Naval Station, 


Bortin, Harry. Asst. Engr., 11th and Farnum 


Cary, Madison St., Princeton, June 30, 1910 
CoLEMAN, Asst Engr. with City Engr., 253 


Deputy County Surv., Wagoner 

Torris. Asst. Engr., Designing Div., Board Water 

Supply, 165 Broadway, New York City............ Sept. 1910 
KEYES CHRISTOPHER. Sioux City, Iowa........ June 30, 1910 


GILLESPIE, CHESTER GORDON. 


1536 Walnut St., Berkeley, 


GRAHAM, Guy ALEXANDER. Engr. with Snare Triest Co., 


GRANNIS, JAMES Engr., Stevens Co., Ft. 


Morton. Asst. Inspecting Engr., Uni- 
versal Portland Cement Co., 530 Frick Bldg., Pitts- 


Th 


Mack, Horace. Dows, Wright Co., Iowa.......... Sept. 1910 
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JUNIORS (Continued). Date 
Membership. 

CHARLES REED. Civ. Engr. and Superv. Constr., 

Quartermaster’s Dept., A., Boston (Res., 

Ivy St., Brookline), Mass June 30, 1910 
OVEROCKER, DANIEL WILLETS. Barge Canal Office, Amster- 

dam, Oct. 1910 
PARLIN, RAYMOND WASHINGTON. Forest Park, North 

Cambridge, Mass June 30, 1910 
St. WALTER SHERMAN. 341 Edgecomb Ave., New 

York City Sept. 1910 

23d New York City 1910 


CHANGES ADDRESS 
MEMBERS 

ANDERSON, GEORGE GRAY. Cons. Engr., Room 1232 First National Bank 
Bldg., Denver, Colo. 

ARGOLLO, MIGUEL TEIVE Caixa Postal 226, Bahia, Brazil. 

BINCKLEY, Cons. Engr., 1108. Union Trust Bldg., Los 
Angeles, Cal. 

WALTER. Vice-Pres., Kettle River Quarries Co., 3041 Park Ave., 
Minneapolis, Minn. 

Burt, Henry Contr. Mgr., Am. Bridge Co. New York, 1218 
National Bank Bldg., Denver, Colo. 

CHAPMAN, JAMES RUSSELL. 1712 Anacapa St., Santa Barbara, Cal. 

STEPHEN. Beacon St., Room 217, Boston, Mass. 

Asst. Chf. Engr., Tallahatchie Drainage Comm., 
Tunica, Miss. 

DENNIS, WILLIAM FRANKLIN. Cons. Engr.; Pres., Rinehart Dennis Co., 
Gen. Ry. Contrs., 1407 Sixteenth St., Washington, 

JAMES WILLIAM. Adsit Burlington, Vt. 

Moyer. Cons. Engr., 527 Fifth Ave., New York City. 

Asst. Engr. Constr., R., Broad St. Station, 
Philadelphia, Pa. 

Bert. Asst., Coast and Geodetic Survey, Washington, 

Care, Hong Kong-Shanghai Banking Corporation, Tientsin, China. 

JAMES Bradford Ave., Crafton, Pa. 

Harrison, CHARLES Lewis. East 42d St., New York City. 

Henny, Cons. and Hydr. Engr., 605 Spalding Bldg., 
Portland, Ore. 

BERTRAM HENRY MAJENDIE. Care, Jacobs Davies, Church St., 
New York City. 

Chf. Engr. Streets, Board Local Impvts., 
300 City Hall (Res., 5917 Winthrop Ave.), Chicago, 

ARTHUR STANLEY. Cons. Engr., Madison Ave., New York City. 

CHARLES Chesuncook, Me. 
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MEMBERS (Continued.) 

Hurry, Epwarp Henry. Churt, Farnham, England. 

INGALLS, OwEN 2148 St., W., Washington, 

KAREISCHA, SERGE DE. Prof. the Imperial Inst. Engrs. Ways and 
Communications; Asst. Gen. Mgr., Traffic Dept., Board Direction, 
Russian Rys.; Pres., Assoc. Engrs., Russian Ry., Kasatchy 
pereoulok No. log St. Petersburg, Russia. 

STEPHEN Civ. and Hydr. Engr., Room 630 First National 
Bank Bldg., Oakland, Cal. 

Knox, SAMUEL Care, Burr, Jr. Co., Broad 
St., New York City. 

MicHAEL LEHANE. 425 Hamilton Ave., Jackson, Mich. 

SHERRON. Asst. Gen. Mgr., The Washington Water 
Power Co., Box 215, Spokane, Wash. 

McCoy, SAMUEL ALEXANDER. Contr. (Boynton, McCoy), 1725 
Eleventh Ave., Spokane, Wash. 

WILLIAM WALTER. 1240 Cornelia Ave., Chicago, 

JoHN Care, Wolf, Estacion Golfo, Monterey, 
Mexico. 

Cons. Engr., Metropolitan Park Comm., Beacon 
St., Room 507, Boston (Res., Duncklee St., Newton Highlands), 
Mass. 

WILLIAM Cons. Engr., 220 Paulson Bldg., Spokane, Wash. 

JOHN CHRISTIAN. Prof. Structural Eng., Stevens Inst. Tech., 
Hoboken, J.; Cons. Engr., 202 West 103d St., New York City. 

PERKINS, CHARLES Ezra. Akron, Ohio. 

(Edmund Perkins Eng. Co.), First National 
Bank Bldg., Chicago, 

MELVILLE Prin. Asst. Engr., Orgeon Elec. Ry.; Address, 
751 Wiedler St., Portland, Ore. 

Epwarp Asst. Prof. Civ. Eng., Univ. Michigan, 901 
Forrest Ave., Ann Arbor, Mich. 

Care, Milwaukee Club, Milwaukee, Wis. 

SEAMAN, Henry 140 Clinton St., Brooklyn, 

ALFRED FRANCIS. East 6th St., North, Portland, Ore. 

Deputy Chf. Engr., Board Water Supply, 
City New York, 165 Broadway, Room 721, New York City (Res., 
Kensico, Y.). 

ALLEN NEWHALL. West 88th St., New York City. 

Ave., Chicago, 

STURTEVANT, CARLETON WILLIAM. Supt., James Stewart Co., Baldwins- 
ville, 

Brookline, Mass. 

STEVENSON. Civ. and Cons. Engr., West 90th St., New York City. 

AARON City Engr., London, Ont., Canada. 
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MEMBERS (Continued.) 


CLARENCE Chf. Engr., British Columbia Elec. Ry. Co., 
Ltd., Vancouver, C., Canada. 


WALKER, MERIWETHER Lewis. Corps Engrs., A., Ft. Leaven- 
worth, Kans. 
WENZELL, ANDREW JACKSON. Cons. Engr., 107 Hancock, Detroit, Mich. 


ZINN, GEORGE ARTHUR. Lt.-Col., Corps Engrs., A., 508 Federal 
Bldg., Chicago, 


ASSOCIATE MEMBERS 


BASCOME, WESTERN Asst. Chf. Engr., Dept. Bridges, 
Park Row (Res., 140 Claremont Ave.), New York City. 

Berry, Francis Care, The Water Co., St. Joseph, Mo. 

Chf. Engr., Massillon Bridge Structural Co., 
Massillon, Ohio. 

DANIEL WILLIAM. Asst. Operating Mgr., Am. Bridge Co., Penn- 
sylvania Philadelphia, Pa. 

Locating Engr., Kettle Val. Lines, Midway, C., 
Canada. 

CAMERON, Harry FRANK. Div. Engr., Bureau Public Works, Manila, 
Philippine Islands. 

CHAPMAN, Harry Day. City Engr. and Supt. Streets, Richmond, Cal. 

CHARLES, LAVERN JOHN. Care, Reclamation Service, Easton, Wash. 

CoNZELMAN, JOHN Epwarp. Chf. Engr., Unit Constr. Co., 1101 Liggett 
Bldg., St. Louis, Mo. 

Guy Asst. Engr., Rapid Transit Subway Constr. Co., 
165 Broadway (Res., 410 West 148th St.), New York City. 

CUNNINGHAM, JOHN GEORGE LAWRENCE. Bldg. Insp., 497 Dayton Ave., St. 
Paul, Minn. 
GEORGE WARREN, JR. Civ. Engr., A., Care, Chf. Quarter- 
master, Philippine Div., A., Manila, Philippine Islands. 
DAVENPORT, JAMES WATSON. Care, Tatum Lumber Co., Hattiesburg, Miss. 
ARTHUR Engr., Blaw Collapsible Steel Centering Co., 
Westinghouse Bldg., Pittsburg, Pa. 

LEANDER. Supt., The Whiting-Middleton Constr. Co., Sexton Bldg., 
Baltimore, Md. 

Care, Engr. Office, Room 425, Custom House, 
Louisville, Ky. 

FELDER. 1240 Maplewood St., Birmingham, Ala. 

GRANT, KENNETH 1804 Arrott Bldg., Pittsburg, Pa. 

GRAVES, WILLARD FRANKLIN. 4563 Woodlawn Ave., Apartment, Chi- 


HENRY Engr. and Supt. Constr., Leonard Constr. Co., 
1937 McCormick Bldg., Chicago, 

Traction Co. and Southern Pennsylvania Traction Co., 603 Market 
St., Wilmington, Del. 
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ASSOCIATE MEMBERS (Continued). 


HUNICKE, WILLIAM Engr. Constr., Cuban Central Ry., Sagua 
‘La Grande, Cuba. 

HINMAN Engr. Expert Aid, Bureau Yards and Docks, 
Navy Dept. (1822 St., W.), Washington, 

JOHNSON, SAMUEL. 412 Keystone Bank Bldg., Pittsburg, Pa. 

FREDERICK PERCEVAL. Pres., Herringbone Metal Lath Co., 257 East 
133d St., New York City (Res., Washington Ave., New Rochelle, 

Everett 717 East Buffalo St., Ithaca, 

THEODORE JULIUS. 1211 Fifth Ave., Spokane, Wash. 

WILLIAM. Chf. Engr., Sundstrom Stratton, New York City; 
Address, Elm St., New Rochelle, 

Care, MacArthur Concrete Pile Foundation Co., 
Seattle, Wash. 

JAMES. Care, Lewis Parker, Tracy, Cal. 

MANCHESTER, ERNEST JAMES THEODORE. Pres., Water Supply and Sewerage 
Board, Brisbane, Australia. 

GEORGE ALEXANDER HUTCHINGS. 255 West St., New York City. 

CHARLES WARREN. Florence, 

PATTERSON, CLAIR BRANDON. 2832 Fifth Ave., Beaver Falls, Pa. 

PEOTTER, REUBEN SYLVESTER. Livingston St., Brooklyn, 

ARTHUR HENRY. Summit Ave., White Plains, 

RANKIN, Harry Civ. and Min. Engr., 1321 Park Bldg. (Res., 
819 St. James St.), Pittsburg, Pa. 

Homer Asst. Engr., Bureau Bldgs., Borough Manhattan 
(Res., 628 West 147th St.), New York City. 

SEWARD Res. Engr., Barge Canal, 196 Genesee St., Utica, 

Asst. Engr., Board Water Supply New York 
City, Valhalla, 

Epson Univ. Wisconsin, Madison, Wis. 

STEPHENSON, STUART Instr. Math. and Graphics, Rutgers 
Coll. (Res., 266 Redmond St.), New Brunswick, 

STEVENS, JOHN Civ. and Hydr. Engr., 605 Spalding Bldg., Port- 
land, Ore. 

JoHN Francis. Asst. Engr., Office Cons. Engr., Borough 
Manhattan (Res., 610 West 139th St.), New York City. 

TEIGEN, THoMAS Office Engr., Mexico North Western 
Ry., Nueva Grandes, Chih., Mexico. 

THURBER, CLINTON Asst. Civ. Engr., N., Naval Station, 
North Chicago, 

VERVEER, EMANUEL Structural Engr., 201 West 105th St., Apartment 
2C, New York City. 

CHARLES Cons. Engr., 216 Bloomingdale Ave., 
Wayne, Pa. 
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WILLARD First National Bank Bldg., Uniontown, Pa. 

Witcox, Hydr. and San. Engr., 612 Victoria Bldg., St. 
Louis, Mo. 

520 West 122d St., New York City. 

Woop, Asst. Engr. Chg. Port Richmond Div., Bor- 
ough Richmond, New York City, 913 Post Ave., Port Richmond, 


HENRY AMERMAN. Beaver St., New York City (Res., Belmont 
Ave., Yonkers, Y.). 


ASSOCIATES 


ATWELL, Instr. Surv., Univ. Michigan, 2305 Geddes 
Ave., Ann Arbor, Mich. 


St.), New York City. 
JUNIORS 
WILLIAM. West St., New York City. 
Bruce. 1508 Borland Blk., Chicago, 
Brown, Engr., W., Salt Lake Ogden Ry., 461 
Main St., Salt Lake City, Utah. 
Brua, ELMER GEORGE. Care, Associated Oil Co., Wells Fargo Bldg., San 
Francisco, Cal. 
HENRY WILLIAM. Care, Manila Co., Manila, Philippine Islands. 
DENSLER, FRANK HASKELL. Asst. Engr., Board Water Supply New 
York City; Address, 805 Prospect Brooklyn, 
FREDERICK WILLIAM. 204 North Brooks Wis. 
GLEN Lieut., Corps Engrs., A., Washington 
Barracks, 


Fincu, James Kip. Dept. Civ. Eng., Columbia Univ. (Res., 306 West 
93d St.), New York City. 
FisHer, 908 Spofford Ave., Spokane, Wash. 
Box 223, University Station, Seattle, Wash. 


Foss, James Jr. Res. Engr., Pahu Sugar Co., Ltd., Waipahu 
(Res., 1835 Makiki St., Honolulu), Hawaii. 
Harry Instr., Civ. Univ. Pennsylvania, 3718 
Walnut St., Philadelphia, Pa. 
Gay, WALTER. Agricultural Coll., Oktibbeha Co., Miss. 
GREEN, CLARENCE JASPER. 517 East Catherine St., Ann Arbor, Mich. 
PARMELEE. With Snare Triest, 143 Liberty St., New 
York City (Res., 131 Depew St., Peekskill, Y.). 
Joun 1603 East North Ave., Baltimore, Md. 
WESLEY WINANS. 5203 Maple Ave., St. Louis, Mo. 
ent CLARENCE Decatur. Dalhousie Univ., Halifax, Nova Scotia. 
Asst. Engr., Mexican Ry., Fortin, Vera Cruz, Mexico. 
ve., 


Lewis, Care, MacArthur Concrete Pile Foundation Co., 514 
Terry Ave., Seattle, Wash. 
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JUNIORS (Continued). 

ALFRED Post Office, Shanghai, China. 

Hunter. Hill Crest, Ithaca, 

MERRITT, CHARLES 351 Genesee St., Utica, 

Prof. Civ Eng., Clarkson School Technology, Chest- 
nut St., Potsdam, 

Expert Aid, Office Insp., Works, 
Navy Yard, New York City; Address, 265 Orchard St., Eliza- 
beth, 

MUNKELT, FREDERICK HERMANN. 668 East 13th St., Brooklyn, 

Epwin. Box 321, Savannah, Ga. 

KENNETH Care, Osborn Eng. Co., Osborn Bldg., Cleve- 
land, Ohio. 

JOHN Asst. Engr., Mo. Mountain System (Res., 
5143 Maple Ave.), St. Louis, Mo. 

RASCHBACHER, HARRY 110 Salle St., Suite 525, Chicago, 

Ross Care, Board Water Supply, 165 Broadway, New 
York City. 

East 33d St., New York City. 

WALTER Care, Dept. Highways, 120 Jefferson St., 
Syracuse, 

Patricio ANDRES. Central Calimete, Cuba. 

FRANK Chf. Party, Commrs. Sewerage, The Chester- 
field Apartments, Louisville, Ky. 

TYLER, RICHARD Instr. Civ. Eng., Texas Univ., 1510 West Ave., 
Austin, Tex. 

VANDERVOORT, BENJAMIN FRANKLIN. Asst. Engr., State Water Supply 
Comm., Albany, 

CHARLES Asst. Prof. Civ. Eng., Cornell Univ., 218 
University Ave., Ithaca, 

Warp, Epwarp Eng. Dept., R., Grand Central Station, 
New York City (Res., 1197 Broad St., Newark, J.). 

WILBANKS, JoHN 518 Vermont Bldg., Salt Lake City, Utah. 

JAMES DEWITT. 1201 East 16th Ave., Denver, Colo. 

Jones. Instr. Civ. Eng., Cooper Union (Res., 499 East 
176th St.), New York City. 


RESIGNATION 


Date 
ASSOCIATE MEMBER 
DEATH 
ARCHBALD, JAMES. Member, May 15th, 1872; died October 5th, 


1910. 


Total Membership the Society, October 11th, 1910, 
688. 
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MONTHLY LIST RECENT ENGINEERING 
INTEREST 


(September 13th October 10th, 1910) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 


each journal this list: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


Journal, Eng. Soc, 
Milk Boston, Mass., 30c. 
Proceedings, Engrs. Club Phila., 


1317 Spruce St., Philadelphia, 


Pa. 
Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. 
Monadnock Chicago, 
Transactions, Can. Soc. 
Montreal, Que., Canada. 
School Mines Quarterly, Co- 
Univ., New York City, 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 


Engineering Magazine, New York 
City, 25c. 

Magazine, New York City, 
Engineering (London), 

Wiley, New York City, 25c. 

The 
national News Co., New York 
City, 35c. 

News, New York City, 

Engineering Record, New York 
City, 12c. 

Railway Age Gazette, New York 
City, 15c. 


Engineering Mining Journal, 
New York 

Electric Railway Journal, 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 

Scientific 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 

Tron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 


New 


Supplement, 


Gas Light Journal, New 
York City, 10c. 

American Engineer, New York 
City, 20c 

Electrical Review, London, Eng- 
land. 


World, New York City, 


(28) 


(29) 


(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New England Water- 
Works Assoc., Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 
Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Modern Machinery, 
10c. 

Proceedings, Am. Inst. Elec. Engrs., 
New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 

Scientific New York 
City, 8c. 

Mechanical Engineer, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 
Russia. 

Zeitschrift, 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. New 
York City, 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. Inst. 
Engrs., New York City, $5. 


Chicago, 


American, 


Manchester, 


Min. 
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(57) Guardian, London, Eng- 
and. 

(58) Proceedings, Engrs.’ Soc. Pa., 
Fulton Bldg., Pittsburg, Pa., 

Cc. 

(59) Transactions, Mining Inst. Scot- 
land, London and 
upon-Tyne, England. 

(60) 
apolis, Ind., 25c. 

(61) Proceedings, Western Railway 
Club, 225 Dearborn St., Chicago, 

(62) Industrial World, Ninth St., 
Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering 
Chicago, 25c. 

(68) Mining Journal, London, England. 

(70) Engineering Review, New York 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(71a) Memoirs, 
Iron and Steel Inst., London, 
England. 

(73) Electrician, London, England, 18c. 
(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago, 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 


Beton und Eisen, Vienna, Austria. 


(79) Forscherarbeiten, Vienna, Austria. 

(80) Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 

(83) Age, New York City, 


(84) Ciment, Paris, France. 

(85) Proceedings, Am. Ry. Eng. and 

(86) Engineering-Contracting, Chicago, 

(87) and Foreman, Chicago, 

(88) Bulletin the International Ry. 
Congress Assoc., Brussels, Bel- 
gium. 

(89) Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 

(90) Transactions, Inst. Naval 
Archts., London, England. 

(91) Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 
City. 

(92) Bulletin, Soc. 
pour Nationale, Paris, 
France. 

(93) Revue Paris, 
France, fr. 50. 

(94) The Boiler Maker, New York City, 

(95) International Marine Engineering, 
New York City, 20c. 

(96) Canadian Engineer, Toronto, Ont., 
Canada, 15c. 

(97) Turbine, Berlin, Germany, Mark. 

(98) Journal, Engrs. Soc. Pa., 219 
Market St., Harrisburg, Pa., 30c. 

(99) Proceedings, Am. Soc. Municipal 
Improvements, New York City, 
$1.50. 

(100) Professional Memoirs, Corps 

Worker, New York City, 


(102) Organ die Fortschritte des 
Wiesbaden, 
Germany. 

(103) Mining and Scientific Press, San 
Francisco, Cal., 

(104) The Surveyor and Municipal and 
County Engineer, Eng- 
land, 

(105) Metallurgical and 
gineering, New York City, 25c. 


LIST ARTICLES. 


Armoured Concrete Viaduct Rotterdam.* (12) Sept. 
The Construction Methods the Rocky River Bridge, with Some Costs.* (86) 


Sept. 14. 


Removal Wrecked Superstructure, Quebec Bridge.* (14) Sept. 17. 


The Erection the Broad River Bridge.* 


17. 


Standard I-Beam Railroad Bridges over City Streets.* (14) Sept. 17. 
The Plant for Constructing the Quebec Bridge Substructure.* (14) Sept. 24. 


The North Caisson the Quebec Bridge.* 


(14) Oct. 


The Quebec Bridge (Specifications). (From Trade Review.) (18) Oct. 
Effect Engine Gases Unprotected Steel Viaducts.* Arthur Sullivan. (86) 


Oct. 


The New Quebec Bridge.* (96) 
Erection and Elevation Double-Track Drawbridge under Traffic.* 


Six, 


Sur Tracé Pratique Certaines Courbes Transcendantes Utilisables dans 
Construction des Ponts.* Maurice D’Ocagne. (43) July. 


Viaduc Saint-Jean-la-Riviére 


Vésubie (Alpes-Maritimes.)* James Boudet. (35) Sept. 


Illustrated. 
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Electrical. 


Account Visit the Power Plant the Ontario Power Co. Niagara 
Falls.* Jordan. (75) Jan. 


Transmission Line Calculations.* Alfred Still. (27) Sept. 15. 

Commercial Wireless Telegraphy Japan; the Teishinsho System.* Wichi Tori- 
kata. (73) Sept. 16. 

Dispute Electric Power Service. (14) -Sept. 17. 

Comparative Life Test Incandescent Lamps.* Clayton Sharp and Preston 
(27) Sept. 22. 

The Electrostatic Capacity between Equal, Parallel Wires.* Pender and 
Osborne. (27) Sept. 22. 

Steel Transmission Towers.* Edw. Jennings. (Paper read before the Brook- 

lyn Engrs.’ Club.) (96) Sept. 22. 

The Installation Bikaner, India.* (26) Sept. 23. 

Transformers having Poor Regulation.* Faye-Hansen. (73) 
ept. 

The Design and Efficiency High-Tension Insulators.* Austin. (Abstract 
paper read before the Central Elec. Ry. Assoc.) (17) Sept. 24. 


The the Wave-Meter Wireless Telegraphy.* George Seibt. (27) 
ept. 


Developments and High Tension Practice.* Percy Thomas. 

ct. 

Potential Stresses Dielectrics.* Harold Osborne and Harold Pender. (42) 
Oct. 


The Comparison Galvanometers New Type Flat-Coil Galvanometer.* 
Edwin Northrup. (3) Oct. 

Electric Power and Lighting Railway Shops.* (Abstract report the 
Assoc. Ry. Elec. Engrs.) (13) Oct. (18) Oct. 

Motor Load Massachusetts Central Stations. Walter Stuart Kelley. (27) 
Oct. 


ct. 
The Reconstruction the New York Fire Alarm Telegraph System. (46) Oct. 


Marine. 


The Melville Macalpine Reduction Gear.* MacMurchie. (98) Sept. 

Marine Boiler Construction.* John Creen. (94) Sept. 

The Brown-Curtis Turbine Installation Bristol.* (11) Sept. 30. 

New American-Hawaiian Steamers.* (95) Oct. 

Column Tables for Ship Work.* Earle Anderson. (95) Serial beginning 
Oct. 

Application Electricity Marine Work.* (27) Oct. 

Démolition Ventouse d’un Pavement Bajoyer Pertuis Communication 
entre les Bassins Port Saint-Nazaire.* Trocquer. (43) July. 

Norvégien Kobben les Submersibles Type Germania.* (33) 
Sept. 24. 


Mechanical. 


Economy and Design Modern Reversing Rolling-Mill Steam Engines.* Eduard 
Sehmer and Drawe. (71) Vol. 81. 

Development the Production Electric Power; its Application and Bearing 
upon the Steel Industries. Selby Bigge. (71) Vol. 81. 

Economy Electric Drive Machine Shop. (41) Serial beginning Sept. 

Vibration House Services. (28) Sept. 

The Production Power Steam Turbines.* Bibbins. (98) Sept. 

William Bone. (Paper read before the Brit. Assoc.) 

ept. 

Gaseous Explosions (Report Comm. the Brit. Assoc.) (11) Serial begin- 
ning Sept. (47) Serial beginning Sept. (66) Sept. 

The Naval, Mercantile Marine and General Engineering and Machinery Exhibition, 
Olympia.* Serial beginning Sept. (12) Serial beginning Sept. 

The Value Anchored Tests Aerial Propellors.* Walter Scoble and 
Carter. (Paper read before the Brit. Assoc.) (11) Sept. 

The Work the Government Aeronautical Committee.* (12) Serial beginning 
Sept. 

The the Circulating Water Surface Condensers.* Neilson. 
(12) ept. 

Canada’s Experimental Peat Plarts.* Maujer. (64) Sept. 13. 

Recent Developments Rotary Engines.* (13) Sept. 15. 

Steam Turbines for Both High and Low Pressure.* (20) Sept. 15. 

Seamless Steel Tube Manufacture.* Springer. (20) Sept. 15. 

Central Station Attleboro, Mass.* (27) Sept. 15. 

Light Alloys for Aeronautical Purposes. Rosenhain. (47) Sept. 16. 
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Mechanical—(Continued). 


The Commercial Solution the Problem Utilising, for the Production 
Power, the Energy Solar Radiation, the Wind and other Intermittent 
Natural Resources. Fessenden. (Paper read before the Brit. Assoc.) 
(73) Sept. 16. 

Progress the Use Exhaust-Steam Power.* Burns. (Paper read before 
the Inst. Min. Engrs.) (22) Sept. 16. 

The Elliott-Jones Vertical Coke-Oven.* Campbell-Futers. (Paper read before 
the Inst. Min. (22) Sept. 16. 

Blast-Furnace Charging with Telpher Lines.* (22) Sept. 16. 

The Cement Mill the Los Angeles Aqueduct.* (14) Sept. 17. 

The Power Plant the Bigelow Carpet Company.* (14) Sept. 17. 

Metropolitan Home Office Plant.* Johnson. (64) Sept. 20. 

New Grab Bucket for Ore and Coal-Handling Plants and Contractors’ Use.* 
(13) Sept. 22; (96) Sept. 22. 

the Bisbee improvement Company.* Rosok. (27) 
ept. 

Twinvolute Turbine Pumps.* (20) Sept. 22. 

The Works Messrs. Fraser and Chalmers, Limited, Erith, London.* (57) 
Serial beginning Sept. 23. 

The Petrol Engine.* Watson. (29) Serial beginning Sept. 23. 

Blade Proportioning Reaction Type Steam Turbines.* Ernest Briggs, Assoc. 
Inst. (12) Serial beginning Sept. 23. 

The Files.* Ripper. (Paper read before the Brit. Assoc.) (47) 
ept. 

Constants and Variables the Destructive Distillation Coal.* Alfred 
White and Ferguson. (Paper read before the Mich. Gas Assoc.) (24) 
Sept. 26; (83) Oct. 

High Sped Compound Engine Design.* Speeduim. (64) Sept. 27. 

Power Required for Rolling Steel.* Knesche. (9) Serial beginning Oct. 

The Locomobile Superheated-Steam Unit.* Warren Miller. (9) 

Koppers By-Product Coke Ovens.* Hartman. (45) Oct. 

Hydraulic Air Compression.* (45) Oct. 

Aviation and Aeroplane Motors.* Petit. (Tr. from Nature.) (3) Oct. 

Conveyors.* Henry Edsall. (10) Oct. 

Car Wheel Foundry Practice; Canadian Pacific.* Geo. Fowler. (15) Oct. 

The Regnard Aeroplane, Automatic Stability Flying Machines Means the 
Gyroscope.* Paul Mottelay. (19) Oct. 

Note sur les Tarauds Filiéres.* Minne. (32) July. 

Remarques sur des Fluides Long des Surfaces.* Tison. (37) 
Aug. 31. 

Dirigeable Clement-Bayard Riester-Picard. (33) Sept. 17. 

Neuere zur Betonbereitung und Verarbeitung.* (51) Serial beginning 
Sup. No. 19. 

Zur Frage der Geschwindigkeits-Regelung der Turbinen.* Kroner. (97) July 20. 

und ihre Berechnung.* Bernhard Osann. 

Muffeléfen fiir Emaillierwerke und andere industrielle Zwecke.* Ernst Schott. 
(50) Sept. 

Eine neue Theorie des Kreisels und seine Anwendung der Technik.* Fuchs 
und Katzmayr. (48) Serial beginning Sept. 10. 

Luftfederhammer mit bewegtem Zylinder, Bauart Hessenmiiller.* Lohse. (48) 
Sept. 17. 

Versuche Bonte. (48) Oct. 

Oct. 

Einfaches Verfahren zur Ermittlung der eben gekriimmter stab- 


Metallurgical. 


The Girod Furnace.* Borchers. (71) Vol. 81. 

The Chemical and Mechanical Relations Iron, Manganese and Carbon.* 
Arnold and Read. (71) Vol. 81. 

Uniform Nomenclature Iron and Steel. John Oliver Arnold. (71) Vol. 81. 

Some Recent Investigations Sydney Grayson. (71) 
Vol. 81. 

The Crystallography the Iron-Carbon System.* Adolphe Kroll, Jr. (71) Vol. 81. 

The Constitution Cast Irons and Carbon Steels from the Practical Standpoint.* 
Donald Levy. (71) Vol. 81. 

Vanadium and Metallurgy. Kent Smith and Turner. 
beginning Sept. 

Pyrite Smelting and Sulphuric Acid Manufacture.* Falding and Parke 
Channing. (16) Sept. 17. 

Experiments with Portland Cement Cupels.* Holt and Christensen. 
(16) Sept. 17. 
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(Continued). 


The Impurities the Properties Copper.* Johnson. (105) 
ct. 


The Passing Crucible Steel.* Joseph Richards. (105) Oct. 
Electrolytic Copper Refining Australia. Blakemore. (Abstract from 


Australian Inst. Min. Engrs.) (16) Serial beginning Oct. 


Quelques Oxydes 
Métalliques. Baraduc-Muller. (93) Sept. 
Military. 


Redoubts and Field Fortifications.* Wm. Connor. (100) Oct. 
Die Kugelfallprobe. John Schneider. (48) Sept. 24. 


Mining. 


Concentration Work Cananea, Mexico.* Courtenay Kalb. (103) Sept. 10. 

Deep Mining Transvaal.* Roland Gascoyne. (103) Sept. 10. 

Surface Plant Wood Farm Colliery.* (22) Sept. 16. 

The Iron-Ore Deposits and Separating and Briquetting Plants.* 

ept. 

Lessons from Gilpin County Practice.* George Collins. (103) Sept. 17. 

Filter-Pressing Slimes. von Bernewitz. (103) Sept. 17. 

Barometric Pressure and Liberation Firedamp.* Leon Morin. (16) Sept. 17. 

Gold Dredging French Guiana.* Albert Bordeaux. (16) 
ept. 

Precautions for Maximum Safety and Effectiveness Value.* (13) Sept. 22. 

Refuge Chambers Coal Mines. George Rice, Am. Inst. (Abstract 


paper read before the West Va. Coal Min. Inst.) (13) Sept. 22. 
The Prevention Mine Accidents. 


(Report Comm. Amer. Min. Congress.) 
(16) Sept. 24. 
Steam and Electric Winding Engines. (From Gliickauf.) (57) 
ept. 30. 


Electric Haulage Collieries and Mines.* (26) Sept. 30. 
Timbering the Joplin District.* Lucius Wittich. (45) Oct. 
Pumping Bisbee, Arizona.* Austin. (45) Oct. 

Elliptical vs. Rectangular Shafts.* Wm. Archie Weldin. (45) Oct. 
Zinc Ore Dressing Colorado.* Parmlee. (105) Oct. 


Feculiar Water Problem Candelaria Mines. George Laird. (16) Oct. 
San Rafael Anexas Mining Company, Pachuca.* Girault. (16) Oct. 


Electric Shocks Coal Mines. Sydney Walker. (16) Oct. 


Miscellaneous. 


Forestry.* Goodrich. (28) Sept. 


Notes the Humidity Air. Charles Honiball, (70) 
beginning Oct. 


Fixation Industrielle Atmosphérique.* Lamy. (32) 


Serial 
July. 


The Maintenance Roads. John Lynch. (104) Serial beginning Sept. 

Bituminous Road Work Germany. (Abstract report Assoc. Tech. 
Officers German Cities.) (14) Sept. 17. 

Study into the Cost Asphalt Pavement Repairs Chicago 1908-9. 


Whinery, Am. Soc. (Abstract report Chicago Commr. 
City Expenditures.) (86) Sept. 21. 

The and Drainage Country Roads. Vernon Pierce. (14) 
ept. 

The Westminster New Public Lighting Contract.* (66) Sept. 27. 

Work Preliminary Road Construction and Street Pavement Maintenance. 
George Warren. (Paper read before the Amer. Soc. Eng. Contrs.) 
(86) Sept. 28. 

Selection Material and Method Street Paving. Gullan. (Ab- 
stract paper read before the Inter. Road Congress.) (86) Sept. 28. 
Bituminous Road Construction. George Warren. (Paper read before the 

Inter. Road Congress.) (86) Sept. 28. 

Wooden Block Pavement Tests Minneapolis, Minn.* Avey. (60) Oct. 

The Art Laying Out Cities.* Bottge. (10) Oct. 

Effect Lightning Reinforced Concrete Sidewalks.* Charles Keller. (100) 
Oct. 

City Design and Transportation.* Wattman. (Abstract Report Inter. 
Street and Interurban Ry. Assoc.) (17) Oct. 

Protective Coatings Roads Massachusetts. Austin Fletcher, 


Am. 
Soc. (Paper read before the Inter. Road Cong.) (14) Oct. 


Illustrated. 
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Dustless Roads Europe. Arthur Blanchard. (Paper read before the 

National Good Roads Convention.) (14) Oct. (86) Oct. 

Dustless Roads California. Austin Fletcher, Am. Soc. (Paper 
the National Good Roads Convention.) (14) Oct. (86) 


Road Building Peel County, Ontario. Wheelock. (96) 

ct. 

Continuous and Systematic Road Maintenance. Percy Hooker. (Paper read 
before the National Good Roads Convention.) (14) Oct. 

Rectification d’une Route Nationale Exécutée comme Chemin Vicinal dans 
Daudoux. (43) July. 

Balayeuse Automobile, Verschuren.* (34) Sept. 


Railroads. 


Report Locomotives and Rolling Stock Narrow-Gauge Light Railways. 
for discussion the 8th Railway Congress.)* Moriz Jesser. (88) 
uly. 

Report (Russia) Strengthening the Bridges with View Increasing the 
Weight Locomotives and the Speed Trains. (Subject for discussion 
8th Railway Congress.)* Bélélubsky and Bogouslawsky. (88) 
uly. 

Note the Double Application the Automatic Route-Combiner 
the Hydraulic Operating Gear and the Interlocking the Points and 
Signals the Landy Signal Cabins, near Paris, the French Northern 
Railway.* Moutier. (88) July. 

Report the Operation Switches and Signals. (Subject for discussion 
8th Railway Congress.)* Weissenbruch and Verdeyen. (88) 
uly. 

Inaugural the New York Extension the Pennsylvania Railroad: Opening 
the Passenger Station.* (13) Sept. 15; (27) Sept. 15; (18) Sept. 10. 

Improvements and Experiments Rail Joints. (13) Sept. 15. 

Railway Signaling. Whyte. (96) Sept. 15. 

Grading Work the Railway, Toronto-Ottawa Line.* (96) Sept. 15. 

The Modern Locomotive Repair Shop.* Porter. (96) Sept. 15. 

General Specification for Railway Construction. (96) Sept. 15. 

The Electrification Steam Roads.* Keely. (96) Sept. 15. 

Railways Centering Toronto.* (96) Sept. 15. 

New French Pacific Express Engine, Chemin Fer Midi.* (12) Sept. 16. 

the Use Accelerometer the Measurement Road Resistance and 
Horse-Power.* Wimperis; Assoc. Inst. (Paper read before 
the Brit. Assoc.) (12) Sept. 16; (73) Sept. 16. 

Rail Corrugation. Busse. (Report the Union Inter. Tramways 
Ch. Fer. Local.) (73) Sept. 16; (17) Sept. 17. 

Four-Cylinder Locomotive with Superheater Cascade.’’* 
(18) Sept. 

Care Track Material and Tools.* (Comm. Report Roadmasters’ and 
Assoc.) (18) Sept. 17. 

Economic Comparison Railway Ties Different Materials.* Neil 
Campbell. (13) Sept. 22. 

The Electric Railways Germany.* Wilhelm Wechmann. (15) Sept. 23. 

Heavy Pacific Type. Locomotive for the Vandalia.* (15) Sept. 23; (18) Oct. 
(25) Oct. 

New York City Freight Terminals.* (15) Sept. 23. 

Recent Improvements the Oregon Washington Railroad.* (14) Sept. 24. 

Davis. (Abstract paper read before the Central Elec. Ry. Assoc.) 
(17) Sept. 24. 

The Power Locomotive Boiler. Hugh Sumner, Inst. (From 
Eng. Review.) (19) Sept. 24. 

Angular Loading-Track Arrangement for Panama Docks Cristobal.* 
Karnopp. (13) Sept. 29. 

Electric Freight Locomotive for City Lines. (13) Sept. 29. 

Telephone Dispatching and Train-Order Signals for Railways. (13) 


Sept. 29. 

Philippine Railway Company Lines.* (Abstract from Far Eastern Review.) (15) 
Sept. 30. 

Articulated Locomotives.* Caruthers. (15) Sept. 30. 

Standard Types Locomotives the Saxon State Railways.* (21) Oct. 

The Railways the Cape Good Hope.* (21) Serial beginning Oct. 

All Steel Pullman Cars.* (25) Oct. 

British Locomotive Development. Rogers. (25) Oct. 

Service Converted Mallet Locomotive; Great Northern Railway.* 
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Powerful Lignite Burner the Mikado Type; Oregon Railroad and Navigation 
Co.* (25) Oct. 


Low Water Test Jacobs-Schupert Fire Box.* (25) Oct. 

Some Experience with Reinforced Concrete Poles. (14) Oct. 

Signaling the New Grand Central Terminal.* (15) Oct. 

New 60-Ton Locomotives Illinois Traction Company.* (17) Oct. 

Boring through the Bernese Oberland.* (From The Sphere.) (19) Oct. 

Train Lighting Practice. Myers. (Abstract report Assoc. Ry. 
Elec. Engrs.) (18) Oct. 

Levage pour Grandes Voitures Chemins Fer.* Berger 

C.-J. Van Mierlo. (31) 1910, Pt. 

Note sur Divers Types Stations Souterraines établies dans des Voies Etroites 
pour Chemin Fer Nord-Sud Paris.* Bechmann. (43) July. 

L’Intérét des Wagons Grande Capacité. Pierre Arbel. (32) July. 

Nouvel Autocombinateur Systéme Aster, pour Commande par Fluide 
l’Enclenchement des Aiguilles des Signaux mis Service Gare 
Paris-Nord.* Paul Aumont. (38) Sept. 

Essais Effectués avec les Derniéres Locomotives Compound Quatre Essieux 
Couplés Bogie Compagnie M.* Vallantin. (38) Sept. 

Pierre-Guédon. (33) Serial beginning Sept. 

Lemaire. (33) Sept. 24. 

Construction des Grands Tunnels Montagne d’aprés les Résultats Obtenus 
Simplon.* Brandau. (Abstract from Schweiz. (33) Sept. 24. 
Die Gleisklemme gegen das Wandern der Schienen.* Morgenstern. 

(102) beginning Sept. 


auf drei nebeneinander laufenden Linien.* Platt. 

(102) ept. 

Die Durchschlagsgeschwindigkeit bei den Luftsauge-und Druckluftbremsen.* Karl 
Kobes. (53) Sept. 

Ueber Schienenstahl.* Pierre Breuil. (Abstract paper read before the Inter. 
Congress Diisseldorf.) (50) Sept. 14. 

Die auf der Briisseler Weltausstellung.* Guillery. 
(102) Sept. 15. 

Prellbock mit Schlepprost von Rawie.* Stieler. (102) Sept. 15. 

Eine neue Schwarzwaldbahn Weisenbach-Forbach.* Gaber. (51) 


Serial begin- 
ning Sept. 17. 


Railroads, Street. 


Repair Shops the Bangor Railway Electric Company.* (17) Sept. 24. 

Methods Conducting the Valuation the Physical Properties the Chicago 
Consolidated Traction Co., with Summaries Costs. Philip Kealy. (86) 
Serial beginning Sept. 28. 

The Comparative Durability Brake Shoes and Tyres.* Dawson. (Ab- 
stract paper read before the Mun. Tramways Assoc.) (73) Sept. 30. 
Note sur Station Chemin Fer Métropolitain Paris, 

“Rue Suquet. (43) July. 


Sanitation. 
The Contamination City Air.* George Soper. (Paper read before the 
Bost. Soc. Civ. Engrs.) (1) Aug. 


Drain Tile and Underdrainage.* Am. Soc. (76) Sept. 
The Sewage Question and Treatment Trade Effluents. John Watson, 


Inst. (Paper read before the Royal San. Inst.) (104) Sept. 16; 
(14) Oct. 


Sewage Purification Frome.* (104) Sept. 16. 

Preservation Sewage Chloroform and Cold Storage. (14) Sept. 17. 

Gravity Steam Heating Hospital.* Chas. Hubbard. (101) Sept. 17. 

Modern Practice Garbage Disposal. Rudolph Hering. (Paper read before the 
Amer. Public Health Assoc.) (14) Sept. 24. 

Sewage Disposal under Difficulties Leicester, England.* (13) Sept. 22. 

Trenching for Sewer using Grab Bucket Excavator, with Some Data the 
Concrete Work.* (86) Sept. 28. 

Methods Garbage Collection and Disposal the Canal Zone, Panama and 
Colon. (From the Canal Record.) (86) Sept. 28. 


Modern Procedure District Sewer Design.* Horner. (13) Sept. 29. 

Heating and Ventilating the Gimbel Building, New York.* (70) Oct. 

The Mechanical Purification Air. Browne. (10) Oct. 

Ground Water Leakage into Sanitary Sewers. (Abstract from 


Illustrated. 
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Sanitation—(Continued). 


Grease Extraction from Sewage Sludge Oldham. St. Wilkinson. (Ab- 
stract paper read before the Royal Inst. Public Health.) (14) Oct. 

Economy Sewage Disposal. Chambers Smith, Inst. (Paper 
read before the Royal San. Inst.) (96) Oct. 

The Salt Lake Sewage Pumping Station.* (14) Oct. 

School Fan Furnace-Heating Plant.* (101) Oct. 

Biologique des Eaux d’Egout sur Sol Artificiel.* Loewy. 

uly. 

Das Aufstellen von Typenreihen Ventiletorenbau. Vidmar. (97) Serial be- 

ginning July 


Structural. 


The Elastic Breakdown Certain Smith. (71) Vol. 81. 

The Homogeneity Metals.* Gregory Tagueeff. (71) Vol. 81. 

The Cutting Properties Tool Steel.* Edward Herbert. (71) Vol. 81. 

Ninth Report the Alloys Research Committee; the Properties Some 
Alloys Copper, Aluminium, and Manganese.* Rosenhain and 
Lantsberry. (75) Jan. 

Some Physical Properties Two Per Cent. Chromium Steels. Andrew McWilliam 
and Ernest Barnes. (71) Vol. 81. 

The Calcium Silicates and Calcium Contained Portland Cement. 
Schott. (Tr. Michaelis, Jr.) (67) Sept. 

Method Jetting down Concrete Piles and Records Output.* (86) Sept. 14. 

Exterior Treatment Concrete Surfaces: Committee Report the National 
Association Cement Users. (13) Sept. 15; (14) Sept. 24. 

Retaining Wall; Oregon Washington, Seattle, Wash.* (15) 
ept. 

The Testing Heat-Insulating Materials.* Frederic Bacon, 
(Paper read before the Brit. Assoc.) (11) Sept. 16; (73) Sept. 16. 

Reinforced Concrete for Chimney Construction. Sheardown. (Abstract 
paper read before the Tramways and Light Rys. Assoc.) (73) Sept. 16. 

The Heat-Treatment Brass.* Bengough and Hudson. (Paper read 
before the Inst. ‘Metals.) (11) Sept. 23. 

Structural Details the Wick Building, Youngstown.* (14) Sept. 24. 

Methods and Cost Placing Concrete Long Wall Chutes.* (86) Sept. 28. 

Construction Methods Concrete Standpipe.* (96) Sept. 29. 

Iron, its Development and Production.* George Fowler. (15) 
ept. 

Hardness and its Measurement.* Roush. (105) Oct. 

Fireproof Building Construction. Cairns. (8) Oct. 

Automatic Sprinkler Protection.* Boone. (8) Oct. 

Modern Practice Factory Construction from Fire Protection Standpoint. 
William Grier. (8) Oct. 

Erection the Substructure the Pennsylvania Terminal Post Office.* (14) 
Oct. 

The Municipal Pipe Yard San Francisco.* (14) Oct. 

The Concrete Pipes Centrifugal Action.* Alfred Gradenwitz. 
(46) Oct. 

Methods Constructing Reinforced Concrete Water Tower Using Steel Forms 
and Movable Steel Staging.* (86) Oct. 

Tests Reinforced Concrete Slabs.* (13) Oct. 

(13) Oct. 

Method Designing Long Span Concrete Girder. (86) Oct. 

Unusual Foundations for Twelve-Story Building.* (14) Oct. 

Structural Improvements Large Stable.* (14) Oct. 

Versuche mit zentrisch und mit exzentrisch belasteten Pfeilern aus Backstein- 
mauerwerk und aus Beton.* Bach. (48) Sept. 24. 


Water Supply. 


The Application the Pitot Tube the Testing Impulse Water-Wheels. William 
Rankine Eckart. (75) Jan. 

Account Visit the Power Plant the Ontario Power Co. Niagara 
Falls.* Jordan. (75) Jan. 

Secondary Water Supplies, their Dangers and Values.* (28) Sept. 

Sterilization Polluted Water Ultra-Violet Rays.* Kenneth Grant, Assoc. 
Am. Soc. (13) Sept. 15. 

Sterilization Plant for Turbid Water.* (14) Sept. 17. 

Operating Results, St. Louis Coagulating Works. (14) Sept. 17. 

Concrete Lining the Rondout Pressure Tunnel.* (14) Sept. 17. 

Hypochlorite Treatment Public Water Supplies; its Adaptability and Limita- 
tions. George Johnson. (Paper read before the Amer. Pub. Health 
Assoc.) (14) Sept. 17. 
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Water Supply—(Continued). 


Operating Results the Albany Filtors. (14) Sept. 17. 

The Ancient Irrigation and Water-Supply Tanks Reservoirs Ceylon.* 
Bligh, Inst. (13) Sept. 22. 

Progress the Great Barren Jack Dam Australia. (12) Sept. 23. 

Slow Sand Filters Oakland Lake, Long Island, Y.* (14) Sept. 24. 

Concrete-Lined Reservoirs Seattle.* (14) Sept. 24. 

the Bubbly Creek Filter Plant, Chicago.* Jennings. 

ept. 

Reinforced Concrete Water Tower Westerly, I.* (14) Sept. 24. 

Plant the Holton Power Company.* Bliss. (64) Sept. 27. 

Operating Costs the St. Louis Coagulating Works. (86) Sept. 28. 

Discharge Measurements and Formulas for Some Large Overflow Dams.* 
Martin, Assoc. Am. Soc. (13) Sept. 29. 

Quality Lake Michigan Water-Supply for the North Shore District. 
Langdon Pearse, Assoc. Am. Soc. (Abstract paper read before 
the North Shore San. Assoc.) (13) Sept. 29. 

Hydroelectric Development the Illinois River.* (27) Sept. 29. 

Water Supply and Hypochlorite Treatment. James. (96) 

ept. 
Practice the Use Hypochlorite Lime. Jordan. (96) Sept. 29. 
Loss-of-Head Gage for Sand Filters.* Leopold. (13) 
ept. 

Tunneling Los Angeles Aqueduct.* Herrick. (45) Oct. 

The Mechanical Filter Plant Wilkinsburg.* (14) Oct. 

Reservoir the People’s Water Company.* Mills. (14) 


The Plant Helsingfors, Finland. Gieseler, Berlin. (14) 


Results Experiments Double Filtration the Albany, Y., Water-Works. 
Wallace Greenalch. (Abstract from Annual Report, Bureau Water, Albany, 
Y.) (86) Oct. 

The Acid Waters Western Pennsylvania.* Trax. (Abstract paper 
read before the Central States Assoc.) (13) Oct. (14) Oct. 

The Design and Construction the St. Andrews Movable Dam and Lock the 
Red River Lockport, Manitoba.* Edwin Forward. (13) Oct. 

Sherbrooke Power Plant.* Woodyatt. (86) Oct. 

The River Siphon Crossing the Catskill Aqueduct. (14) Serial begin- 
ning Oct. 

The Water Works Hankow, China. (14) Oct. 

Arched Dam Las Vegas, New Mexico.* (14) Oct. 

The Las Vegas Irrigation Project, New Mexico.* Barnett. (14) Oct. 

Décolmateur Succion pour Nettoyage des Préfiltres Sable.* (33) Sept. 

L’Usine Hydro-Electrique Tuiliére Distribution Electrique 
dans Sud-Ouest France.* Dumas. (33) Sept. 10. 

Versuche tiber die Umsetzung von Wassergeschwindigkeit Druck.* (48) Serial 
beginning Sept. 17. 


Waterways. 


Bast Side Levee and Sanitary District, East St. Louis.* (14) Sept. 17. 

Novel Submarine Concrete Work.* Frank Perkins. (19) Sept. 17.. 

Concrete Bulkhead Wall Piles.* (14) Sept. 17. 

Construction Plant-and Methods for Building 85000 Cu. Yd. Rubble Concrete 
Dam.* (86) Sept. 21. 

Economical Method Using Movable Form for Long Concrete Walls, with 
Some Costs (Barge Canal).* (86) Sept. 21. 

New York City Freight Terminals.* (15) Sept. 23. 

Siphon Spillways New York State Barge Canal.* (86) Sept. 28. 

Separately-Molded Sections for Concrete Sea Wall.* (Abstract from Concrete 
and Constructional Eng.) (13) Sept. 29. 

Locks and Dams the Panama Canal.* (12) Serial beginning Sept. 30. 

Recent Progress Panama.* Fullerton Waldo. (9) Oct. 

Rock Excavation Rock River Pool.* (100) Oct. 

Rebuilding the Galena Lock Gates.* Edwards. (100) Oct. 

The Baltimore Light-House.* Craighill. (100) Oct. 

Siphon Spillways the Champlain Canal.* (14) Oct. 

Phare avec Signal Acoustique sans Gardien Large Saint-Pierre (Ile 
Guernesey).* (33) Sept. 


Illustrated. 
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October 19th, 1910.—The meeting was called order 8.30 M.; 
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and present, also, 124 members and guests. 

paper Strouse, Am. Soc. E., entitled “The 
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The Secretary announced the following deaths: 
JAMES ARCHBALD, elected Member May 15th, 1872; died October 5th, 
1910. 


Epwin elected Member April 1885; died Octo- 
ber 7th, 1910. 


Adjourned. 


November 2d, 1910.—The meeting was called order 8.30 M.; 
Director Gardner Williams the chair; Chas. Warren Hunt, 
Secretary; and present, also, 134 members and guests. 

The minutes the meetings September 21st and October 5th, 
1910, were approved printed Proceedings for October, 1910. 

paper Grimm, Am. E., entitled “The Arch 
Principle Engineering and Aspects, and Its Application 
Long Spans,” was presented title. 

written communication the paper Max Miller, 
Am. was presented the Secretary, and the subject 
was discussed orally Leon Moisseiff, Am. 

The Secretary announced the election November 1910, 
the following candidates: 


Renner Pittsburg, Pa. 

Conover, New York City. 

Henry Denver, Colo. 

JAMES Gatun, Canal Zone, Panama. 
Sawyer Boston, Mass. 


Henry Ayres, Manila, Philippine Islands. 
Ernest Kansas City, Mo. 
Caro, Sydney, New South Wales, Australia. 
Henry Miami, Okla. 
Warren Groveland, Cal. 
Harry Woy Gray, Ames, Iowa. 
Duncan Jaques, Woodbury, 
Navarre Pocatello, Idaho. 
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Morrison, East Las Vegas, Mex. 
Sounpers Canton, China. 

Martin Chico, Cal. 

Harry Apam Canton, China. 

Harry Spencer New York City. 

San Francisco, Cal. 


ASSOCIATE. 
CHARLES MERIWETHER CHRISTIAN, Poughkeepsie, 


Barton ALEXANDER, Detroit, Mich. 
JoHN CLEAVELAND Helena, Mont. 
ALEXANDER FLETCHER Beaver Falls, Pa. 
Howarp Bronson, Rochester, 
Victor Garvey, Sumner, Wash. 
Mercer Provo, Utah. 
Manton Paris, Tex. 
Harry Bernarp Providence, 
Peter New York City. 
JOAQUIN Havana, Cuba. 


The Secretary announced the transfer November 1910, 
the following candidates: 


From MEMBER MEMBER. 
Barr, Joplin, Mo. 
Martins Ferry, Ohio. 
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Brown, New York City. 
Loren Curtis, Denver, Colo. 
Manila, Philippine Islands. 
Forp New York City. 
Pittsburg, Pa. 

Hewitt Woop, Chattanooga, Tenn. 


From Junior MEMBER. 


Kansas City, Mo. 

JoHN Marvin St. Louis, Mo. 

Lee Durango, Mexico. 


The Secretary announced the following death: 
Henry elected Member May 7th, 1873; died October 23d, 
1910. 


Adjourned. 


THE BOARD DIRECTION 
(Abstract) 


November 1910.-—President Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Bates, Belknap, Kimball, 
Kittredge, Loomis, Pegram, Schneider, Stearns, Swensson, Thompson, 
and Williams. 

Ballots for membership were canvassed, resulting the election 
Members, Associate Members, Associate, and Juniors, and 
the transfer Juniors the grade Associate Member. 

Fourteen Members were transferred the grade 
Member. 


Applications were considered and other routine business transacted. 


Adjourned. 
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every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


December 7th, 1910.—8.30 M.-—At this meeting two papers will 
presented for discussion, follows: “Bond-Friction-Resistance 
Reinforced Concrete,” William Fry Scott, Assoc. Am. 
and “Hydrography Aid the Successful Operation Irriga- 
tion System,” Stevens, Assoc. Am. Soe. 

Mr. Scott’s paper was printed Proceedings for October, 1910, and 
that Mr. Stevens appears this number Proceedings. 


December 21st, 1910.—8.30 papers will presented 
for discussion, follows: “Notes-on the Bar Harbors the Entrances 
Coos Bay, and Umpqua and Siuslaw Rivers, Oregon,” Morton 
Tower, Am. E.; and “Timber Preservation, Its Develop- 
ment and Present Scope,” Walter Buehler, Am. 

These papers are printed this number Proceedings. 


January 4th, 1911.—8.30 paper entitled “The Valuation 
Public Service Corporation Property,” Henry Earle Riggs, 
Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL MEETING 


The Fifty-eighth Annual Meeting will held the Society 
House, Wednesday and Thursday, January 18th and 19th, 1911. 
The Business Meeting will called order o’clock Wednesday 
morning. The Annual Reports will presented, officers for the 
ensuing year elected, members the Nominating Committee appointed, 
Reports Special Committees presented for discussion, proposed 
amendment the Constitution presented for action, and other busi- 
ness transacted. 


SPECIAL MEETINGS FOR TOPICAL DISCUSSION 


Preliminary notice hereby given that Friday and Saturday, 
January 20th and 1911 (the days following the close the 
Annual Meeting the Society), three meetings the Society will 
held, the first the morning Friday, January 20th, 1911, the 
second the afternoon that day, and the third the morning 
Saturday, January 21st, 1911. 

these meetings the general subject for topical discussion and 
its subdivisions, which will taken separately, are: 
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Construction and 
(1) Preliminary Investigations. 
(2) Relative Value Three Methods Carrying Work: 
(a) That which both labor and material are furnished 
the contractor. 
(b) That which the material supplied the party 
the first part, and the labor the contractor. 
(c) That which both the labor and material are supplied 
the party the first part. 
(3) Systems Maintenance. 
(4) The Use Water, Chloride, Light Oils, ete., Dust 
Palliatives. 
(5) Surface Treatment with Tars, Heavy Oils, 
(6) The Use Bituminous Materials Penetration Methods. 
(7) The Use Bituminous Materials Mixing Methods. 


The discussion each the above will presented 
engineer specially selected for that purpose, and such presentation 
will limited ten minutes; the discussion each the subse- 
quent speakers will limited five-minute talks, order that every 
one interested may have opportunity give his views, and that 
the resulting discussion, when edited and collated, under the rules 
the Society, for publication, may concise summary present- 
day practice. 

All engineers interested road building, whether members the 
Society not, are invited present and take part this 
discussion. 

The hours for holding the meetings, names speakers, will 
given subsequent notice. 


PROPOSED AMENDMENT THE CONSTITUTION 


The following proposed amendment the Constitution was received 
the first Wednesday November, 1910, and herewith brought 
the attention all Corporate Members. 


This amendment will presented the Annual Meeting, January 
18th, 1911, provided Section Article the Constitution, 
which reads follows: 


Amendments presented the Secretary before the first 
Wednesday November shall sent letter the several Corporate 
Members the Society least twenty-five days previous the Annual 
Meeting. Such amendments shall order for discussion such 
Annual Meeting, and may amended any manner pertinent the 
original amendments majority vote the Annual Meeting, and 
amended shall voted upon letter-ballot form amended 
the Annual Meeting; not amended, they shall voted upon 
letter-ballot submitted. The vote counted the first 
regular meeting March.” 
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Amend Article IV, follows: 
Add the end Article 1V, the 


“13. Corporate Members and Associates who have reached the age 
seventy years, and who have paid dues such for twenty-five years, 
shall exempt from further dues. Corporate Members and Associates 
who have paid dues such for thirty-five years shall exempt from 
further dues.” 


The above amendment signed the following Corporate Mem- 
bers: Kenneth Allen, Bowman, Gardiner, Knighton, 
Pollock, Robert Ridgway, Waldo Smith, and Geo. 
Tillson. 

This advance notice; the Constitution will complied with 
mailing this announcement all Corporate Members. 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendix* the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 


Proceedings, Vol. XXXIII, (January, 1907). 
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the closing discussions; and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussion, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 


Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with bauquet, 
and weekly informal luncheons. The former are held M., the 
Palace Hotel, the third Friday February, April, June, August, 
October, and November, and the third Wednesday December, 
the latter being the Annual Meeting the Association. 
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Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. Soe. 
E., Mechanics’ Institute, Post Street. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly welcomed guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


(Abstract Minutes Meetings) 


August 1910.—The thirty-second regular meeting the 
Association was held the Palace Hotel; President Riffle the 
chair; Thurston, Jr., Secretary; and present, also, members 
and guests. 

entitled “The Ultimate Load Pile Foundations: Theory,” 
John Griffith, Assoc. Am. Soc. E., was read the 
Secretary. 

paper Charles Gilman Hyde, Am. Soe. E., Study 
the Present Water Supply the City Sacramento, and 
Proposed Means Improvement,” was presented the author, who 
illustrated his remarks with stereopticon views. 


Adjourned. 


October 21st, 1910.—The thirty-third regular meeting the 
Association was held the Place Hotel; President Franklin Riffle 
the chair; Thurston, Jr., Secretary; and present, also, 
members and guests. 

Addresses were made President George Dickie, Presi- 
dent the Technical Society the Pacific Coast, Edward Adams, 
President the Commonwealth Club, and the Hon. Hugh McKenzie, 
and Elwood Mead, Am. E., respectively, Minister for Lands 
and Chairman, State Rivers and Water Supply Commission, 
Victoria, Australia. 

Kellogg, Am. Soc. E., was selected the choice 
the Association represent District No. the Nominating Com- 
mittee the Society. 

paper was presented James Wise, Assoc. Am. E., 
who gave detailed description the construction the Lake Arthur 
earth dam Placer County, illustrating his remarks with stereopticon 
views. 


Adjourned. 
Colorado Association 
(Abstract Minutes Meeting) 


October 8th, 1910.—The meeting was called order 8.15 M.; 
President Anderson the chair; Houston, Am. E., 
acting Secretary; and present, also, members and guests. 

Construction Creosoted Wood Block Pavement the 20th Street 
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Viaduct,” was presented the author, and the subject was discussed 
Messrs. Comstock, Prince, and one the guests. 


motion Mr. Comstock, unanimous vote thanks was 
extended Mr. Crocker for his paper. 

further report the Bill for Licensing Civil Engineers the 
State Colorado, was made the Committee Legislation. The 
suggestions brought out the discussion the September meeting 
the Association having been embodied the Bill, the discussion 
which followed, and which nearly all members present took part, 
was confined the sections affected such changes. 


Adjourned. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth 
Street, New York City. 

Architekten-Verein Berlin, Wilhelmstrasse 92, Berlin 66, 
Germany. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 
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Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 803 Fulton Building, 
Pittsburg, Pa. 


Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, W., 
London, England. 

Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 


(From October 11th November 7th, 1910) 
DONATIONS* 


GENERAL SPECIFICATIONS FOR STRUCTURAL WORK BUILDINGS. 

Schneider, Past-President, Am. Soc. Paper, 
illus., pp. New York, The Engineering News Publishing 
Company, 1910. cents. (Donated the Author.) 


October 19th, 1904, the author presented before this Society paper en- 
titled “The Structural Design which was embodied set 
specifications for structural work for buildings. the preface this pamphlet 
stated that reprint the above-mentioned specifications, revised and 
brought date the addition tables and drawings standard columns 
and framing details. chapter Concrete and Reinforced Concrete its appli- 
cation building construction, has also been added, which, stated, based 
what the author “considers safe These specifications for reinforced 
concrete are said have been prepared after careful study the regulations 
the French, Prussian, Austrian, and Swiss Governments, the Association Ger- 
man Architects and Engineers, etc., and the recommendations the Special Com- 
Concrete and Reinforced Concrete this Society, with such modifications 
have been suggested the author’s experience such work. The recommenda- 
tions the Special Committee Concrete and Reinforced Concrete this 
Society have been adopted for that part the specifications covering aggregates 
and the preparation and placing concrete and mortar, representing the best 
modern practice. The Contents are, Design: Loads; Unit Stresses and Proportion 
Parts. Material and Workmanship. Concrete and Reinforced Concrete: Proper 
Use Concrete; Improper Use Concrete; Responsibility and Supervision 
Specifications for Plain and Reinforced Concrete; Materials and 


Formulas for Approximate Computations. Appendix Containing Various Tables 
Weights, Dimensions, etc. 


RAILROAD FIELD GEOMETRY. 


illus., 246 pp. New York, John Wiley Sons; London, Chapman 


Hall, Limited, 1910. $2.00. (Donated the Author and the 


planning this book, the author states that has departed from the usual 
brief formal statement problem and solution working out only few the 
less commonly used problems and leaving considerable portion the work for 
the student indicated methods. After several chapters the various 
methods laying out curves the ground and the solutions problems which 
arise this connection, there chapter Spirals, the treatment which the 
author states follows that Talbot. This chapter contains some original work 
the development short formulas for practical use. The chapters re-running 
old lines and preparing right way descriptions are new, the subject each 
case being treated illustrative examples. Some portions the chapter 
Switches and Frogs, are stated contain original methods which hoped may 
prove acceptable. The chapters Earthwork are said revised reproduc- 
tion the author’s ‘‘Notes Railway and hoped that the dis- 
cussions haul and mass diagram contained herein will lead clearing 
the question overhaul and.a general adoption some rational method 
procedure. The Contents are: The Railroad Line and Surveys; Simple Curves; 
Field Problems Simple Curves; Compound Canting the Track Curves; 
Spirals; Right Way Description; Switches and Frogs; Rerunning Old Lines; 
Staking Out; Computing the Quantities; Areas, Volumes, Special Forms; Earth- 
work Tables; Diagrams; Haul; Mass Diagrams; Index. 


THE CONSERVATION NATURAL RESOURCES THE UNITED STATES. 


Charles Richard Van Hise. Cloth, in., illus., 413 pp. 
New York, The Macmillan Company, 1910. $2.00. 


The subject-matter contained this book was first given series 
twenty lectures the University Wisconsin. Special phases the conservation 
the natural resources the United States have appeared, stated, Govern- 
ment reports and magazine articles, but correlated statement covering minerals, 
waters, forests, soils, and their relations political economy and lands, exist- 
ing and desirable, available. The author, therefore, has attempted supply this 


Unless otherwise specified, books this list have been donated the publishers. 
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deficiency this handbook, which said contain the essential information which 
intelligent citizen may desire reference the whole subject conservation. 
The Contents are: Introduction: History the Conservation Movement; Pt. 
The Mineral Resources: The Mineral Fuels; The Metallic Resources; The Non- 
Metallic Resources. Pt. II, Water: The Sources Water; The Amount Water; 
The The Cut-Off; The Run-Off. Pt. III, Forests: The Original Forests; 
The Existing Forests; The Consumption the Forest; Total Results Measures 
Concluding Statements. Pt. IV, The Land: The Soil; The Classifica- 
tion the Land; The Ownership the Land; The Farm Lands. Pt. Conserva- 
tion and Mankind. Appendices: Delaration Governors for Conservation 
Natural Resources; II, North American Conservation Conference; III, National 
Conservation Association. Index. 


ENGINEERING NEWS FOR THE YEARS 1905 1909, INCLUSIVE. 
Compiled Mary Miller Gale. Cloth, 335 pp. 
New York, The Engineering News Publishing Company, 1910. $2.50. 


stated that this Index, like its three predecessors which covered the periods 
1874-1890, 1890-1899, and 1900-1905, has been prepared and published for the 
convenience readers Engineering News. The Index itself subject index 
and said cover only the reading matter contained Engineering News and 
the monthly supplement omitting the 
News” supplement. Such matters personals, obituary notices, etc., are not 
indexed unless they are special importance. All articles Reinforced Concrete 
have been grouped this volume under “Concrete,” and other changes will 
found the indexing matter relating streets, roads, and pavements. The 
reader’s attention also called the fact that street railway matters are grouped 
under “Electric railway track details under and that power 
plants are chiefly under ‘‘Electric Power’’; etc. author index appended for 
convenience locating article when the name the author known. 


FACTORY ORGANIZATION AND ADMINISTRATION. 
New York and London, McGraw-Hill Book Company, 1910. $3.00. 


The technical college graduate to-day, the author claims, should trained 
fill positions the stores, costs, employment purchasing departments 
manufacturing corporations, well the designing, drafting, and testing 
departments. This book, stated, intended for any student who desires 
fit himself for such position and acquire comprehensive grasp the problems 
treated. said the result twenty years’ experience the part 
the author, and has acquired its present form from lecture courses delivered 
before senior students engineering colleges. The Chapter Headings are: Indus- 
trial Engineering; The Economic Theory Factory Location; The Planning 
Factory Buildings and the Influence Design Their Productive Capacity; Staff 
and Departmental Organization; Executive Control the Factory; Departmental 
Reports; The General Office; The Order Department; Bills Material; The 
Drafting Department The Pattern The Purchasing Department; Stores 
and Stock Departments; The Production Department; Foundry Systems; The 
Machine Shop and Tool Department; Shipping and Receiving Departments; Time 
Taking; Cost Department; Aids Taking Inventory; Inspection Methods 
Modern Machine Shops; Employment Labor and Labor Problems; Wage 
The Fixing Piece Work Rates; Principles Underlying Good Management; 
Bibliography Works .Management; Index. 


MODEL BALLOONS AND FLYING MACHINES. 

With Short Account the Progress Aviation. 
Alexander. Cloth, in., 127 pp. New York, The 
Norman Henley Publishing Co.; London, Crosby Lockwood and 
Son, 1910. $1.50. 


Both instruction and amusement, the author states, can obtained the 
making and flying model aeroplanes, and this book has been written with view 
assist those who contemplate the construction model airship flying 
machine. account the progress aviation given, together with 
illustrations typical specimens full-sized airships and flying machines. 
the end the book five sheets working drawings may each sheet 
containing different-sized machine. The Contents are: Early Balloon 
The Spherical Balloon; The Parachute; The Airship, Dirigible Balloon; 
Model Fire Balloon; Model Parachute; Inflating Model Balloon with Gas; 
Model Airship; Fundamental Principles Flight; Gliders; Aeroplane Flights; 
Maxim’s Flying Machine; Biplane and Monoplane Flying Machines; Model Flying 
Toy Flyer; Farman’s Biplane; Model Voisin Aeroplane; Wright 
Model Bleriot Aeroplane; Glossary Terms used Flight; The Build- 
ing Flyer; Motive Power for Models; The Progress Aviation; Index. 


q 
3 
q 3 
| 
J 
4 
% 
| 
7 
Ry 


500 ACCESSIONS THE LIBRARY [Society 


EXPERIENCES SUR TRAVAIL DES MACHINES-OUTILS: ALESAGE. 


Par Codron. Paper, 124 in., illus., 120 pp. Paris, Dunod 


This study drilling completes, stated, the series articles 
Codron the use machine tools for metals, which have appeared, serial 
form, Revue Mécanique. The important and precise operation drilling 
holes small diameter considered first, and descriptions various types hand 
drills are given, together with results obtained from their use experiments 
with different metals. This followed discussion the boring holes 
large diameter with ordinary cutting tools and description the intricate 
comparative experiments undertaken this connection, which, stated, will 
found valuable calculations for drilling machines. Numerous diagrams are 
included facilitate comparison the results. 


NOUVEAUX MECANISMES NOUVELLES METHODES POUR L’ESSAI DES 
METAUX. 


Par Pierre Breuil. Paper, 124 in., illus., 304 pp. Paris, 


this volume, the author, stated, has collected his studies new 
machines and new methods for assaying metals. former Chief the Section 
Metals the Laboratoire d’Essais Conservatoire des Arts Metiers, has 
had opportunity study the methods and machines described, and examine 
critically any recent innovation experiments with metals. thus able 
present the subject impartially and authoritatively from all points view. The 
subject-matter which was first published serial Revue Mécanique, from 
1907 1909, has been revised date and enlarged the addition new 
chapters and illustrations. also contains number tables results obtained 
the author his own work. The Contents are: But Comment 
peut Comprendre Pratique des Métaux; Sollicitations Lentes 


(Essais dits Statiques) Sollicitations Vives (Essais choc) Sollicitations Local- 
isées (Essais Dureté). 


AMERICAN TRANSPORTATION SYSTEM. 


Criticism the Past and the Present and Plan for the Future. 
George Rankin. Cloth, in., 464 pp. New York and 
London, Putnam’s Sons, 1909. $1.50. 


system, the author first discusses the following questions: (1) our railway 
system safe, efficient, economical, and just? (2) Does our railway system receive 
fair return its honest investments? (3) the management our railway 
system such prevent being used means illegal gain? and (4) 
our railway free from the influences politics? This 
discussion followed examination proposed remedies which include 
constitutional amendment that will bring the transportation monopoly under 
the control the Federal Government, with fixed law defining its duties, powers, 
and obligations, the abolishment the present railway commissions, and the 
appointment instead court having the judicial power inquiré into the 
operation such transportation corporation and which reports concerning 
the same shall made. The Contents are: Introduction; Pt. The Wrong 
our Transportation System; Pt. II, Legislative Attempts Correct 
our Transportation System; Pt. III, Suggested Constitutional Amendment; Index. 


PLUMBING PLANS AND SPECIFICATIONS. 


Standard Sanitary Mfg. Co., 1910. $3.00. 


The author divides his subject-matter into four parts. Part stated, 
devoted discussion the advisability uniform system symbols 
for indicating materials and fixtures plumbing plans. Part explains how 
prepare plumbing plans and make detail drawings 
Plumbing specifications form the subject Part III. full working specification 
given model, together with suggestions for writing such specification 
and analysis its various clauses and conditions. The plumbing requirements 
for buildings various types are discussed Part IV, and examples each 
class building are shown. The Contents are: Plumbing Plans; Symbols for 
Plumbing Plans; Usual Type Plumbing Plan; Improved Type Plumbing 
Plans; Plumbing Details; Drawing Plumbing Plans; Plumbing Specifications; 
Example Plumbing Specification; Suggestions for 
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Analysis 
for Residences, 


Planning Plumbing Work; Planning the Plumbing 
Apartment Houses, School Buildings, Buildings, 
Courthouses, Hotel Buildings, Club Buildings, Churches, Libraries, Fire Engine 
Houses, Factory Buildings, Office Buildings, Railway Stations. Printing Offices; 
Public Bath Houses; Public Playgrounds; Plumbing Work Theatres, Hospitals, 
and Prisons; Planning Public Convenience Stations; Index. 


PLUMBING ESTIMATES AND CONTRACTS. 


Standard Sanitary Mfg. Co., 1910. $3.00. 


The object this work, the author states, present and explain the 
principles estimating, contracting, and conducting plumbing business. 
the first part, explains that successful estimator one must have 
complete knowledge materials, prices, locality, shipping, and able 
lay out work economical and sanitary way, and points out some 
the advanced principles estimating aid beginner. The second 
part the book devoted contracts and the business requirements 
successful contractor, and the third part discussion the legal requirements 
which contract must conform, such consideration, and 
mutual understanding. The laws insurance and leases are also discussed. The 
Contents are: Part Estimates; Taking Off Quantities; Originality Estimating; 


Pittsburg, 


Estimating from Incomplete Plans; 
Cost. Part II, Business 
ndex. 


Part III, Business Law. 


Making the Estimate; 
Office Methods; The Execution Contracts. 


Calculating the 


Gifts have also been received from the following: 


Alabama, Univ. of. pam. 
Am. Ceramic Soc. vol. 
Min. Congress. pam. 


Am. Soc. Landscape Archts. pam. 
Annan, pam. 

Assoc. Ontario Land Surv. pam. 
Baltimore Ohio Co. pam. 
Bangor Aroostook Co. pam. 


Bilbao, Spain-Junta Obras del Puerto. 
pam. 


-Water Board. pam. 
Camden, J.-Water Dept. pam. 


Canada-Geol. Survey. vol. 
Central Vermont Ry. Co. 


pam. 
Chicago, Rock Island Pacific Ry. Co. 
pam. 
Colorado, Univ. of. pam. 
Columbus, Ohio-City Council. 
vol., pam. 
Conti, Luciano. pam. 
Crosby, Walter bound vol. 
Danzig, Germany, Technische 
Hochschule. pam. 
Decimal Assoc. pam. 
Eddy, Harrison vol. 


pam. 
Comm. 
Florida, Univ. of. 
Germany-Preussiche Landesanstalt 
pam. 
Great Britain-Patent Office. pam. 
Great Northern Ry. Co. pam. 
Herbert, bound vol. 
Illinois-Canal Commrs. bound vol. 
Illinois Central Co. pam. 
Illinois Water Supply Assoc. 


vol. 


bound 


pam. 


pam. 
fiir 


bound 


vol. 
Indiana Eng. Soc. 


Inst. Civ. Engrs. Ireland. 
Inst. Min. and Metallurgy. 


vol. 
bound 


vol. 
Institution Elec. Engrs. pam. 
Inter. Ry. Fuel Assoc. bound vol. 
Kentucky-Board Agriculture. pam. 


pam. 

Madras, India-Public Works Dept. 
pam. 

Manchester Assoc. Engrs. bound 


bound vol. 
bound vol. 


vol. 
Maryland-Weather Service. 
Massachusetts-Auditor. 


Mass. Inst. Tech. vol. 
Mexican Ry. Co., Ltd. pam. 
Mississippi-Geol. Survey. bound vol., 


pam. 

Montreal, Que.-Board Health. 

bound vol., pam. 

vol. 

New Orleans, La.-Sewerage and Water 
Board. pam. 

New South Wales-Bureau Statistics. 
bound vol. 

New York City-Board Estimate and 
Apportionment. pam. 

New York City-Board Water Supply. 
bound vol. 

New York State-Public Service Comm., 
First Dist. vol., pam. 

New York City Record. bound vol. 

North Carolina-Geol. Survey. pam. 

North Dakota, Univ. of. pam. 

North England Inst. Min. 
Mech. Engrs. pam. 

Northern Pacific Ry. Co. pam. 

Ohio-Auditor. bound vol., pam. 

Ohio-Highway Dept. pam. 

Ohio-Min. Dept. bound vol. 

Ohio-Secy. State. pam. 

Ohio State Univ. pam. 

Librarian. 
vol. 


pam. 
Assessors. 


bound 


and 


bound 
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Pennsylvania State Coll. pam. Paulo, Geographica 
Pere Marquette Co. pam. Geologica. map. 
Philippine Islands-Div. Geol. and Mines. pam. 
Mines. pam. Agri. pam. 
Quebec Central Ry. Co. pam. Engrs. pam. 
Queensland-Commr. for Rys. pam. Survey. vol., pam. 
Reading, Pa.-Board Water Commrs. Commerce Comm. 
bound vol. 


pam. 
Rhode Island-Secy. State. bound Corporation Comm. 


vol. 
Rhode Island-State Board Health. for Govt. Rys. 
bound vol. 


Rich, Edward pam. Comm. bound vol. 


PURCHASE 
Modern Road Building, Being Reports the Transactions the 
First Congress American Road Builders Held Seattle, Washington, 
July 4th, 1909. Powers, Secretary, B., Good Roads Maga- 
zine, New York. 


Mitteilungen uber Forschungsarbeiten auf dem Gebiete des Inge- 
nieurwesens, insbesondere aus den Laboratorien der technischen Hoch- 
schulen, herausgegeben vom Verein deutscher Ingenieure. Heft 88, 89, 
90, und 92. Julius Springer, 


Who’s Who British Engineering and Kindred Industries. The 
Eastern Press, Limited, London, 1910. 


The Mechanical Engineering Collieries: Heapsteads, Screening 
and Washing Plant. Campbell Futers. The Colliery Guardian 
Co., Limited, London, 1909. 


Roval Commission Sewage Disposal; Supplementary Volumes 
Presented With the Fifth Report the Commissioners, Appendix IV. 
Wymans Sons, Limited, London, 1910. 


High-Speed Steel; The Development, Nature, Treatment, and Use 
High-Speed Steels, Together With Some Suggestions the Problems 
Involved Their Use. Becker. McGraw-Hill Book Com- 
pany, New York, 1910. 


Practical Data for the Cyanide Plant. Herbert Megraw. 
McGraw-Hill Book Company, New York, 1910. 


The Land Co. and Canal Construction Western New York: 
Buffalo-Black Rock Harbor Papers, Journals and Documents. Buffalo 
Historical Sooiety, Buffalo, 1910. 


Railroad Administration. Ray Morris. Appleton and Com- 
pany, New York, 1910. 


The Sources and Modes Infection. Charles Chapin. 
John Wiley Sons, New York, 1910. 


SUMMARY ACCESSIONS 
(From October 11th November 7th, 1910) 


Donations (including duplicates) 215 


Affairs. MEMBERSHIP—ADDITIONS 


MEMBERSHIP 
ADDITIONS 
(October 12th November 8th, 1910) 
MEMBERS 
WILLIAM GREENE. Chf. Engr., Assoc. 


Harry WILLIAM. Contr. Mgr., Western Office, 
James Stewart Co., First National Bank Bldg., 


Contr. Engr., Riverside 


Assoc. 
Bridge Co., Martins Ferry, Ohio....... 


Brown, City Engr., Shawnee, Okla...... 
CHARLES Designing Engr., New York State 
Public Service Comm., Dist., Flatbush Ave., 
CROCKARD, FRANK HEARNE. Vice-Pres. and Gen. Mgr., Ten- 
nessee Coal, Iron Co., Birmingham, Ala.... 
DARNELL, JAMES LEE. City Engr., 516 Midland Bldg., Kan- 
GESTER, WILLIAM Burr. Pacific Coast Representative, 
Robert Hunt Co., 418 Montgomery St., San 
HANSEN, ANDREW CHRISTIAN. Mojave, Cal.............. 
FREDERIC Civ. Engr. Chg., Navy 
Yard, Navy Yard, Brooklyn, Y............ 


Reclamation Service, Box 551, 


JEWEL, LINDSEY LOUIN. Erection, 
Constr. Co., Pittsburg, 

Ricarpo Tech. and Commissary Insp., 
Tehuantepec National Ry., Antonio, Oax., 
KIMBALL, Chemical Engr. and Mill 
Archt., Cornhill, Room 501, Boston, Mass....... 
NELSON, Asst. Engr., Ore. Short Line 
and Co., Room 518, Vermont Bldg., Salt Lake 
Peck, Chf. Engr. and Shop 


Jun. 
PHILLIPS, FREDERICK CLINTON. Jacksonville, Assoc. 
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Date 
Membership. 


July 10, 1907 
Nov. 1910 


Oct. 1910 


Dec. 1889 
Jan. 1901 
Nov. 1910 
Oct. 1910 


1910 
Oct. 1910 
Oct. 1910 
Oct. 1910 
Oct. 1910 


June 30, 1910 


Oct. 1906 
June 30, 1910 


April 1906 
Nov. 1910 


Oct. 1910 
1910 
Oct. 1910 
Sept. 1902 
Nov. 1910 


April 1900 


June 1895 
Oct. 1910 


z 
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MEMBERS (Continued) 


Div. Engr., Sewer- Jun. 
age Comm., 904 American Bldg., Balti- Assoc. 
WALTER FREDERICK. Engr. Constr., Memphis 
Union Station Co., 681 Rayburn Boulevard, Memphis, 


GEORGE THORNTON. Chf. Engr., Mexico, 
Toluca Pacifico, Apartado 77, Toluca, Mexico...... 

Horton WHITEFIELD. Capt., Corps Engrs., 
A., Gatun, Canal Zone, Panama.............. 

Public Works, City Hall, Pittsburg, Pa. 


ASSOCIATE MEMBERS 
ALLISON, WILLIAM FRANKLIN. Prof. Civ. Eng., Colorado 
ANGEL, Engr. Chg. Location and 
Topography, Reclamation Service, Pheenix, 


BARNARD, Asst. City Jun. 
Engr., Krise Bldg., Va..... Assoc. 


BLACK, ERNEST BATEMAN. Vice-Pres., The Worley Co., 
207 Reliance Bldg., Kansas City, Mo................ 
Brown, Dewey. Asst. Pres. Brazil Ry. Co. 
and Port Para, Brazil, Rue Louis Grand, 
LEONARD. Chf. Engr. for Parkinson Berg- 
strom, 1035 Security Bldg., Los Angeles, Cal........ 
CASE, GEORGE WILKENSON. Asst. Prof. Eng., Purdue 
Univ., 113 South Grant St., West Fayette, Ind. 
CUSHING, Bruce Asst. Engr., Juragua Iron Co., 
DERRICK, CLARENCE. Beechwood Ave., Trenton, 
DUNGLINSON, JR. Car Allotment Commr., Norfolk 
Western Ry. Co., Bluefield, Va.............. 
EBASHI, TEIJI. Care, Corrugated Bar Co., National Bank 
Commerce Bldg., St. Louis, 
Epwarps, 702 Builders Exchange, Winnipeg, 
FULWEILER, WALTER HERBERT. With Dept. Tests, United 
Gas Impvt. Co. Philadelphia, Rose Valley, Moylan, 


WINFIELD. Res. Beaver Jun. 


Land Irrig. Co., Penrose, Colo........ Assoc. 


[Society 
Date 
Membership. 

Dec. 1897 
June 1902 
Oct. 1910 
Oct. 1910 
Oct. 1910 
Oct. 1910 
Oct. 1901 
Nov. 1910 
Oct. 1910 
1910 
Jan. 31, 1905 
1910 
Oct. 1910 
Oct. 1910 
Sept. 1910 
Oct. 1910 
Oct. 1910 
1910 
Oct. 1910 
Sept. 1910 
Dec. 1904 
Nov. 30, 1909 
1910 
Mar. 1908 
Oct. 1910 
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ASSOCIATE MEMBERS (Continued) 
HUFSCHMIDT, WILLIAM 725 Newport St., Denver, 
JAQUES, North Brighton Ave., Atlantic 

JOHNSON, Mapison. Supt. Concrete, Isthmian 
Canal Comm., Gatun, Canal Zone, Panama.......... 
LARKINS, (Consolidated Eng. Co.), 640 Bee 
MAGRUDER, FRANK Engr., Recla- Jun. 
mation Service, Belle Fourche, Dak.. 
and Canal Revaluation, State 
New Jersey, Broad St., Elizabeth Jun. 
(Res., 720 Leland Ave., Plainfield), Assoc. 
THOMAS JEFFERSON. Res. Engr., Lometa West Line, 
Gulf, Colo. Santa Ry., San Saba, Tex......... 
Parsons, TABER. Box 435, Bakers- Jun. 
Senior Eng. Examiner with 
New York State Civil Service Comm,, 119 Fourth St., 
PRITCHARD, JOHN CHARLES. Asst. Engr., Water Jun. 
Dept., 4245 Evans Ave., St. Louis, Mo... 
RANDOLPH, ISHAM. Secy., Internal 
Impvt. Comm. Illinois, 748 First 
National Bank Bldg., Chicago, 
Frep Office Engr., Texas Co., 
Harry Asst. Engr. with Vielé, Blackwell 
Buck, Wall.St., New York City.............. 
Toors, Asst. Engr. Constr., 


— 


Ore. Short Line Co., Box 543, 
Pocatello, Idaho soc. 


Chf. Engr., Peoples Water Co., Oakland, 


ASSOCIATE 
318 West 57th St., New) Jun. 
JUNIORS 
1211 East Baltimore St., Baltimore, 
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Date 
Membership. 

Oct. 1910 
1910 
1910 
Oct. 1910 
Sept. 1910 
Sept. 1904 
Oct. 1910 
Dec 1908 
Oct 1910 
Oct. 1910 
1906 
Oct. 1910 
Nov. 1910 
Sept. 1908 
Oct. 1910 
July 1909 
Nov. 1910 
Oct. 1910 
May 31, 1910 
Nov 1910 
April 1910 
Oct. 1910 
1910 
April 1909 
Oct. 1910 
Oct 1910 


4 
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| 
6 
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JUNIORS (Continued) Date 
Membership. 

GAYLORD, CLIFFORD WILLARD. Des Moines, Iowa.......... Oct. 1910 
GILL, Colden Ave., White Plains, Nov. 1910 
Gorpon, Asst. Civ. Engr., N., Navy Yard, 

Mare Island, Cal 


HARDING, Asst. Engr., New York Board 
HEISER, ALFRED BRACKENRIDGE. Draftsman, Turner Constr. 
Co., 159 Twenty-third St., Brooklyn, Y.......... Nov. 1910 
WILLIAM JOSEPH. Designer and Estimator, Na- 
tional Bridge Works, 159 Twenty-third St., Brooklyn, 
Virginia, 1110 Capitol St., Richmond, Va.......... 1910 


LEON Kans............ Oct. 1910 


SEE, RUSSELL New Florence, Oct. 1910 
Supt., The Aberthaw Constr. 

Co. Boston, Mass., Suffield, May 31, 1910 
Stanton, Harry Junior Engr., Reclamation 

JOSEPH. 109 Main St., Flushing, Y.......... Nov. 1910 


WHITMAN, Asst. Engr., Board Water Sup- 
ply New York City, 523 West 122d St., New York 


CHANGES ADDRESS 


MEMBERS 


ANDERSEN, CHRISTIAN. Cons. Engr., 251 Twelfth St., Portland, Ore. 

Asu, Henry CLARKE. Carlisle Ave., Hunters Park, Duluth, Minn. 

WILLIAM ANDERSON. Cons. Engr., 102 Chambers St., New York 
City. 

Davip. Chf. Engr., The Denver, Pac. Ry. Co., 
Room 718, Majestic Bldg., Denver, Colo. 

Chatsworth Rd., West Norwood, E., Lon- 
don, England. 

Cons. Engr., 211 South Broad St., Elizabeth, J.; 
Office address, 220 West 57th St., New York City. 

Davison, Cons. Engr., 2512 Oliver Bldg., Pittsburg, Pa. 

GEORGE GOODELL. Gen. Supt., Sewerage and Water Board, Room 502, 
City Hall Annex, New Orleans, La. 

FREDERICK Flood Comm. Pittsburg, 1804 Arrott Bldg., 
Pittsburg, Pa. 


FisHER, Epwin City Engr., Albemarle St., Rochester, 


FLA 
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MEMBERS (Continued) 

FIsK, WALTER LESLIE. Col., Corps Engrs., A., 1322 Liggett Bldg., 
St. Louis, Mo. 

FLaD, Epwarp. (Edward Flad Co.), Fullerton Bldg., St. Louis, Mo. 

FLOESCH, JACOB MARTIN. 5643 Northumberland Ave., Pittsburg, Pa. 

GOODWIN, JAMES BOWMAN. Care, Mount Hood Ry. Power Co., Bull Run, 
Ore. 

HAMMOND, CHARLES ADRIAN. Mgr., Mt. Vernon Sewage Disposal Works, 
Columbus Ave., Foot 7th St. (Res., 301 South 4th Ave.), Mt. 
Vernon, 

HARDING, JAMES JUDSON. Gen. Delivery, Long Beach, Cal. 

HARTIGAN, FREDERICK LAWRENCE. 701 West 179th St., New York City. 

HASLAM, Civ. and Hydr. Engr., Hotel Columbia, Columbia, 
Pa: 

HAYDEN, JOHN 376 Genesee St., Utica, 

JOHN. Box 463, Palo Alto, Cal. 

ARTHUR STANLEY. Cons. Engr., Box 37, Guayaquil, Ecuador. 

ARTHUR Apartado No. 193, Mexico, F., Mexico. 

FRANK Chf. State Engr. Louisiana, New Orleans 
Court Bldg., New Orleans, La. 

STEVENS. Manti, Utah. 

KNOWLES, Cons., Municipal, San. and Hydr. Engr., 2548 Oliver 
Bldg., Pittsburg, Pa. 

SHERRON. Asst. Gen. Mgr., The Washington Water 
Power Co., Box 2158, Spokane, Wash. 

MATCHAM, CHARLES ARTHUR. Cons. Engr., 1727 Hamilton St., Allentown, 
Pa. 

Col., Corps Engrs., A., Engr. Office, Room 
420, Federal Bldg., Cleveland, Ohio. 

Morrison, Harry JOHNSON. 201 Tremont St., Peekskill, 

Cart LEONARD DE. Prof., Elec. Eng., Univ. Michigan, Ann 
Arbor, Mich. 

Norton, ALBERT GRAY. Houston Ave., Middletown, 

LAFAYETTE. Civ. Cons. Engr., Sea Cliff, 

PARKER, STILES. St. Maries Hotel, St. Maries, Idaho. 

CHARLES Care, Ashton Salisbury, Guaymas, Sonora, 
Mexico. 

WALTER Civ. and Cons. Engr. (The Walter Rice Eng. 
Co.), 606 Osborn Bldg., Cleveland, Ohio. 

SAMUEL Care, Montana Reservoir Irrig. Co., Bach- 
Cory Bldg., Great Falls, Mont. 

ScHLEcHT, WALTER Care, Porto Rico Irrig. Service, Guayama, 
Porto Rico. 

WILLIs ROSWELL. Care, The Arnold Salle St., Chicago, 

Pres., Stowe Constr. Co., 221 Greenpoint Ave., 
Brooklyn, 
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MEMBERS (Continued) 

SUBLETTE, GEORGE WASHINGTON. Cons. and Const. Engr. and Contr., 1926 
Aldrich Ave. South, Minneapolis, Minn. 

SYLVESTER, FRANK MCCLELLAN. 1119 Bldg., Spokane, Wash. 

THOMPSON, Civ. Engr., N., Navy Dept., Washington, 

BENJAMIN EMANUEL. Structural Engr., 2540 North Sacramento 
Ave., Chicago, 


Epwarp The Trebor Apartments, Los Angeles, Cal. 


ASSOCIATE MEMBERS 


ANDERSON, ROBERT Parksville, Tenn. 

ARMSTRONG, CHARLES JOHNSTONE. Care, Junior Naval and Military Club, 
W., London, England. 

CHRISTIAN FREDERICK. Box 375, The Dalles, Ore. 

BAYLEY, CHARLES ABERCROMBIE DUNBAR. Heywood Ave., Orange, 

BLANCHARD, Murray. 419 West 118th St., New York City. 

BLAYLOCK, JOHN CHARLES. 2504 Harrison St., Kansas City, Mo. 

Battery New York City. 

Asst. Chf. Engr., Pan-American and Veracruz 

Istmo R., Apartado 21, Tierra Ver., Mexico. 


Cons. and Constr. Civ. Engr., West Adams St., 
Pheenix, Ariz. 


CREELMAN, CHARLES 613 Bankers Trust Bldg., Tacoma, Wash. 
OLIVER CROMWELL. 


Pres., The Caisson Co., Room 
1000, Fifth Ave. New York City (Res., 345 St. Johns 
Brooklyn, Y.). 


ELBURY, THOMAS GEORGE. 
Cal. 

FEDERLEIN, WALTER GOTTLIEB. 611 West 127th St., New York City. 

FENSTERMAKER, CLINTON. Means, Ohio. 

GRISWOLD, Harry Topp. Old Lyme, Conn. 

HANNA, WALTER Prin. Asst. Engr., with Hogg, 828 Park 
Bldg., Pittsburg, Pa. 

Contr. Engr., Brownsville, Tex. 

JOHNSON, GEORGE ARTHUR. (Johnson Fuller), 150 
York City. 

CLARKE NIGHTINGALE. 
Philippine Islands. 

KAUFFMAN, VERNET ALBERT. 1768 Emerson St., Denver, Colo. 

RALPH 236 Fourteenth St., San Pedro, Cal. 

LANNAN, Asst. Engr., Westchester Northern R., Hale 
Ave., White Plains, 

CLAUDE LESLIE. West 4th St., Ontario, Cal. 

McMorrow, JAMES WALTER. Secy., Eng. Constr. Co., 3785 
Broadway (Res., 551 West 170th St.), New York City. 


Municipal Contr., 552 Bldg., San Fran- 


New 


Dist. Engr., Bureau Works, Manila, 
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ASSOCIATE MEMBERS (Continued) 


Ross Hunt. Care, Riverside Printing Co., Port Huron, Mich. 

MINER, JAMES Project Engr., Reclamation Service, Grand 
Junction, Colo. 

CHARLES MICHAEL. 747 St. Catherine St., West, Room 24, Mon- 
treal, Que., Canada. 

NIKOLITCH, MILAN. Designing Engr., Co., 2211 Ellsworth St., Berkeley, 
Cal. 

IsAac. Copperhill, Tenn. 

PERLEY, ALAN Gowen St., Mt. Airy, Pa. 

St., New York City. 

Hupson. 1216 Ford Bldg., Detroit, Mich. 

ROBINSON, FRANK MINER. Asst. Engr., West. Pac. Ry., Box 42, Portola, Cal. 

SANGER, 154 West St., New York City. 

Erastus St. Botolph St., Boston, Mass. 

RUSSELL 1020 Land Title Bldg., Philadelphia, Pa. 

Epwarp Structural Engr., with Jno. Leonard, 2532 Hillegas 
Ave., Berkeley, Cal. 

on-Hudson, 

THURSTON, EUGENE TRUE, JR. Designing and Constr. Engr., Post St., San 
Francisco, Cal. 

Max. Gen. Mgr., Manistee Grand Rapids R., 702 Capitol 
Bank Bldg., St. Paul, Minn. 

Main St., Utica, 

WHITE, Byron Steuben St., Utica, 

ALLAN SHELDON, JR. Care, The Standard Steel Works Co., Nar- 
berth, Pa. 

ASSOCIATE 


Ray, Chf. Engr., Bureau Bldgs. New York City, 220 
Fourth Ave. (Res., 329 Edgecomb Ave.), New York City. 


JUNIORS 


ARMSTRONG, GEORGE SIMPSON, JR. Care, The Carpenter Steel Co., Reading, 

CHESTER Care, Franklin Irrig. Co., Franklin, Mont. 

HERBERT SCANDLIN. Box 126, Harrisburg, Pa. 

RAYMOND. ,Care, Barge Canal Office, Parker Bldg., 
Schenectady, 

NELSON. 319 Boren Ave., Seattle, Wash. 

Ist Lieut., Corps Engrs., A., Care, Head- 
quarters, Dept. California, Chronicle Bldg., San Francisco, Cal. 

LESTER Care, Associated Pipe Line Co., Los Banos, Cal. 

CHEVALIER, WILLARD TOWNSHEND. Asst. Engr., Public Service Comm., Ist 
Dist., Flatbush Ave., Brooklyn, 
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JUNIORS (Continued) 

DIMMLER, CHARLES 319 Boren St., Seattle, Wash. 

Foss, JAMES CALVIN, 1835 Makiki St., Honolulu, Hawaii. 

GIBBLE, ISAAC OBERHOLZER. Levelman, Dept., Houston Div., Gal- 
veston, Harrisburg San Antonio Ry. Co., San Antonio, Tex. 

GRAM, RALPH SAMUEL. 218 Salle St., Room 922, Chicago, 

GREATHEAD, JOHN 719 North Washington St., Rome, 

HANEY, ALBERT 3814 Westminster St. Louis, Mo. 

A., Ry. Co., Topeka, Kans. 

1834 Delaware St., Berkeley, Cal. 

Harry Care, Public Service Comm., Chambers St., 
Room 207, New York City. 

BENJAMIN. Div. Engr., Madeira-Mamoré Ry., Box 304, 
Brazil. 

LEONARD, Care, The Sperry Eng. Co., Church St., New 
Haven, Conn. 

CHESTER With Humphrey, 618 Rookery Bldg., 
Chicago, 

JULIO DANIEL. Enramadas Alta No. (Altos), Santiago 
Cuba, Cuba. 

STANLEY WALLACE. Asst. Mgr., Manila Constr. Co., Box 590, Man- 
ila, Philippine Islands. 

ScHELL. Care, Canadian Collieries, Ltd., Victoria, C., 
Canada. 

Day Chf. Engr., Kettle River Co., 218 North 5th St., Min- 
neapolis, Minn. 

1225 Eleventh Ave., South, Birmingham, Ala. 

Heights Ave., Baltimore, Md. 

RUSSELL, ALEXANDER STUART. Petersburg, Mich. 

Ryan, 222 Ferris St., Sault Ste. Marie, Mich. 

WALTER Care, Barge Canal Office, No. Rome, 

WARREN Instr. Civ. Eng., Union Univ., Schenectady, 

WILLIAM West 92d St., New York City. 


DEATHS 
PELEG. Elected Member, April Ist, 1885; died October 7th, 
1910. 
Elected Member, May 7th, 1873; died October 23d, 1910. 
Lorp, Elected Junior, September 3d, 1907; date death unknown. 
STILLMAN WILLIAMS. Elected Member, January 2d, 1884; died 
October 3d, 1910. 


Total Membership the Society, November 8th, 1910, 
737- 


Affe 


CURRENT ENGINEERING LITERATURE 511 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(October 11th November 7th, 1910) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 


prefixed each journal this 


(1) 


Assoc. 


Boston, Mass., orks Assoc., Boston, Mass., 
(2) Proceedings, Engrs. Club (29) Journal, Royal Society Arts, 
1317 Spruce St., Philadelphia, London, England, 
Pa. (30) Annales des Publics 
(3) Journal, Franklin Inst., Philadel- Belgique, Brussels, Belgium. 
phia, Pa., 50c. (31) Annales des Ing. Sortis 
onadnoc cago, russels, Belgium. 
ontreal, Que., Canada. oc. ng. 
(6) School Mines Quarterly, Co- France, France. 
Univ., New York City, Paris, France. 
ortefeuille Economiques des Ma- 
(8) Stevens Institute Indicator, Stevens chines, Paris, France. 
Inst., Hoboken, J., 50c. (35) Nouvelles Annales Construc- 
(9) Engineering Magazine, New York tion, Paris, France. 
City, 25c. (37) Revue Mécanique, Paris, France. 
(10) Magazine, New York City, (38) 
(11) Engineering (London), France. 
Wiley, New (41) Machinery, Chicago, IIl., 
The Engineer (London), nter- 
News Co., New York (42) Elec. 
(13) News, New York City, (43) Pontes Chaussées, 
aris, France. 
on, Governors Island, New Yor 
ines inerals, Scranton, Pa., 
(16) Engineering and Mining Journal, 
New York 15c. (46) Scientific American, New York 
(17) Electric Railway Journal, New City, 8c. 
York City, 10c. (47) Engineer, Manchester, 
18) Railway and Review 
n 
(20) Iron Age, New York City, 10c. 
(21) London, Eng- und Diisseldorf, Ger 
and, 
(22) Iron Trades Review, Lon- Bauzeitung, Berlin, Ger 
(23) Bulletin, American Steel Rigasche 
Assoc., Philadelphia, (53) Zeitschrift, 
(25) Engineer, New York (54) Soc. E., New 
(26) Review, London, Eng- Transactions, Soc. New 
(27) Electrical World, New York City, (56) Transactions, Am. 


Engrs., New York City, $5. 
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(57) Colliery Guardian, 

land. 

(58) Proceedings, Engrs.’ Soc. Pa., 
Fulton Bidg., Pittsburg, Pa., 

(59) Transactions, Mining Inst. Scot- 
land, London and 
upon-Tyne, England. 

(60) Municipal Engineering, Indian- 
apolis, Ind., 25c. 

(61) Proceedings, Western Railway 
Club, 225 Dearborn St., Chicago, 
25c. 

(62) Industrial World, Ninth 
Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
Railroad Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, 
Chicago, 25c. 

(68) Mining Journal, London, England. 

(70) Engineering Review, New York 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(71a) Carnegie 
Iron and Steel Inst., London Eng- 
land. 

(73) Electrician, London, England, 18c. 
(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. 
London, England. 

(76) Brick, Chicago, 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 

(78) Beton und Eisen, Vienna, Austria. 

Forscherarbeiten, Vienna, Austria. 

(80) Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 

(83) Age, New York City, 


London, Eng- 


Bridges. 

Stone Highway Bridges, 
Masonry Bridge.* Everest. 

The Penhorn Creek Viaduct the Erie Railroad.* 


Oct. 13. 
The Electrical Operation Drawbridges. Nichols. (Abstract paper 
read before the Assoc. Ry. Elec. Engrs.) (13) Oct. 13; 


Reinforcement the Pecos River Viaduct.* (15) Oct. 14; 


Nov. 
The Galveston Causeway.* 


The St. Louis Municipal Bridge Substructure.* (14) Oct. 


Building and Sinking the Quebec Bridge North Caisson.* 
The Providence Station Viaduct.* (14) 


Superelevation Bridges.* 
(18) Oct. 22. 


Standard Solid Floor Trestles.* (14) 


Ueber zulassige Spannungen Hoch- und Briickenbau. 


Oct. 
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the Stress Diagram, with 


Illustrated. 


(84) Ciment, Paris, France. 
(85) Proceedings, Am. Ry. Eng. and 

(86) Engineering-Contracting, Chicago, 

10c. 
(87) and Foreman, Chicago, 
(88) Bulletin the International Ry. 
Congress Assoc., Brussels, Bel- 
gium. 
(89) Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 
(90) Transactions, Inst. Naval 
Archts., London, England. 
(91) Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 
City. 
(92) Bulletin, 
pour Nationale, Paris, 


France. 

(93) Revue Paris, 
France, fr. 50. 

(94) Boiler Maker, New York City, 
Oc. 

(95) International Marine Engineering, 
New York City, 20c. 

(96) Canadian Engineer, Toronto, Ont., 
Canada, 15c. 

(97) Turbine, Berlin, Germany, Mark. 

(98) Journal, Engrs. Soc. Pa., 219 
Market St., Harrisburg, Pa., 30c. 

(99) Proceedings, Am. Soc. Municipal 
Improvements, New York City, 


$1.50. 
(100) Professional Memoirs, Corps 
(101) Worker, New York City, 
(102) Organ die Fortschritte des 
Wiesbaden, 
Germany. 


(103) Mining and Scientific Press, San 
Francisco, Cal., 10c. 


(104) The Surveyor and Municipal and 
Engineer, London, Eng., 


(105) Metallurgical and 
gineering, New York City, 25c. 


its Application Design 
(104) Oct. 


(18) Oct. 22. 
(14) Oct. 29; (13) 


15. 


15. 
(14) Oct. 15. 
Oct. 22. 


(Report Comm. Amer. Bridge and Bldg. Assoc.) 


Double Tracking the St. Lawrence River Bridge.* (96) 


Oct. 29. 
Construction d’un Pont sur Durbuy.* 


Herstellung einer zwei 


Oct. 27. 


Duvigneaud.* (30) Oct. 
Bauabschnitten.* Hermann Roch. 


Schiile. (78) 
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Electrical. 


Resonance Alternating Current Circuits.* Dalemont. (5) Jan 

One the Problems Submarine Cable Telegraphy, with Possible Solution.* 
Huertley. (5) Jan. 

Isolated Electrical Plants.* Plowman. Sept. 

The and Design Current Transformers.* Arthur Young. (77) 

Collection Current High Peripheral Speeds.* Cottle and Ruther- 
ford. (77) Sept. 

The High-Tension Spark Discharge Air.* Philip Kemp and William Arthur 
Stephens. (77) Sept. 

The Theory the Static Balancer. Hawkins. (77) Sept. 

Reserve Funds Electrical Properties. William Jackson. 

Diversity Factor the Distribution Electric Light and Power.* 
Gear. (4) Oct. 

Leakage Reactance.* Rezelman. (73) Oct. 

Experimental Apparatus for Wireless Telephony.* 

Costs and Methods Replacing Five Miles 1-0 Overhead Construction 
4-0 Construction.* Logie. (86) 12. 

Multi-Speed Squirrel-Cage Induction Motor. Hellmund. (27) Oct. 13. 

Specifications for Overhead Crossings Transmissions Lines. (Abstract 
report the Amer. St. and Interurban Ry. Eng. Assoc.) (17) Oct. 13. 

Properties the Most Important Detectors used Wireless Telegraphy.* 
Bangert. (Tr. from Physikalische Zeitschrift.) (73) Oct. 14. 

The Regulation Telephone Rates and Service Massachusetts. (13) Oct. 20. 

The Lighting Dowlais.* Lewis Wm. Dixon. (26) Oct. 14; 
ct. 

The 1910 Edison Storage Battery.* Walter Holland. (Paper read before the 
Assoc. Edison Cos.) (73) Serial beginning Oct. 21. 

Electrical Equipment the Plymouth Electric Light Company.* (27) Oct. 27. 

Graphic Representations the Linear Electrostatic Capacity Between Equal 
Parallel Wires.* Kennelly. (27) Oct. 27. 

American Telephone Practice: Comparison Manual and Automatic Systems. 
Carty, Am. Inst. (Abstract from paper read before the 
Inter. Con. Telephone and Telegraph Administrations.) (13) Oct. 27. 

Yngeredsfors Power Plant and 40000-Volt Transmission Line Varberg and 
(Sweden).* Henry Chervet. (73) Serial beginning 
Oct. 28. 

Submarine Cable Laying, R.* (18) Oct. 29. 

Interpoles Synchronous Converters. Lamme and Newbury. (42) 


Nov. 

Vacuum-Tube Moore. (3) Nov. 

Problems Storage Battery Engineering.* Joseph Appleton. (3) 

Versuche und Berechnung von Siegwartmasten.* Steiner (78) 


Marine. 


Submarines.* Simon Lake. (2) Oct. 

The Influence Depth Speed (12) Oct. 21. 

Rules for Shipbuilding. Arthur Liddell. (12) Oct. 21. 

Turbine Troubles (Marine). (12) Oct. 21. 

The White Star Liner Olympic.* (11) Oct. 21; (12) Oct. 21. 

Raising the United States Battleship Maine.* (14) Oct. Oct. 20. 

Motor Boat Propulsion.* (12) Serial beginning Oct. 

The Naval Yard the Cape Good Hope.* (11) Serial Oct. 28. 

Some Data Paddle-Wheel Steamers.* Claude Anderson. (95) Nov. 

Twin Screw Tunnel Steamers vs. Sternwheelers for Service the Western 
Rivers.* Charles Ward. (95) Nov. 

Proposed Design for Stern-Wheel River Steamer.* (95) Nov. 

Extension Port Construction Troncon-Sud Bassin Canal 
des Deux Darses Correspondantes, Description des Chantiers.* Missoten 

Motorboot aus (78) Oct. 27. 


Mechanical. 


Recent European Progress Dirigible Balloons.* Blonck. (4) Oct. 

Brickmaking the Hudson.* (76) Oct. 

New Process for the Rapid Estimation Sulphur and 
Illuminating Gas.* Winthrope Somerville. (66) Oct. 

The Thermal and Thermo Dynamic Efficiency Town Gas Thomas 
Canning. (Paper read before the Inst. Gas Engineers.) (66) Oct. 
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Mechanical—(Continued). 


Extensions Burton (Gas-Works).* Ramsden. 
The Midland Junior Gas (66) Oct. 11. 
Coal-Tar Distillation. Arthur Warnes. (Paper read before the Midland Junior 
Gas Assoc.) (66) Oct. 11. 

Small Power Plant with Modern Features.* Brewster. (64) Oct. 11. 

Methods and Cost Unloading Crushed Rock from Railroad Cars and Hauling the 
Same the Road; Railroad Car for Hauling Crushed 
Postle. (86) Oct. 12. 

Report the Comm. Power Generation (Amer. St. and Inter. Ry. Eng. Assoc.) 
Stott and others. (17) Oct. 


Tests Nicolson Boiler.* Michael Longridge, Inst. (47) 
ct. 


Air Lift Pumping.* Edward Rix. (103) Oct. 15. 

Heat, Light and Power Buildings, Some Operating Details the Modern 
Structure.* (101) Oct. 15. 

Chemical Control Oil Gas Manufacture. Hall. (Paper read before 
the Pacific Coast Gas Assoc.) (24) Oct. 17; (83) Nov. 

Large Southern Cotton Mill Plant.* Warren Rogers. (64) Oct. 18. 

The Inland Steel Company’s Works, Description the Indiana Harbor Sheet 
Mills.* Oct. 20. 

Oil and Gas Fuel Station Wichita, Kan.* (27) Oct. 20. 

Flow Gas Pipes. Hitchcock. (Abstract Report City 
Columbus, (96) Oct. 20. 

Fast versus Slow-Speed Motors for Cars.* 21. 

New the English McKenna Process Company, Limited.* 

ct. 

The Practice and Theory Aviation.* Grover Cleveland Loening. (19) 
beginning Oct. 22. 

Testing Materials.* Bacon. (Abstract paper read 
before the Brit. Assoc.) (47) Oct. 21. 

Physical Properties Cast Iron. John Porter. (Paper read before the 
Amer. Foundrymen’s Assoc.) (47) Oct. 21. 

Gas Making Guilford, New Retort House.* (66) Oct. 25. 

The Cost Heat, Light and Power.* Ripley. (64) Oct. 25. 

Tests Traction Engines Winnipeg, Canada. (13) Oct. 27. 

Recording Weigher for (13) Oct. 27. 

The Improvement Steam Plant Efficiency. Carl Thomas. (Abstract from 
Wis. Engr.) (96) 27. 

Recent Developments Carville Power Station.* (26) Oct. 28. 

Water-Tube Boilers. Wilson. (Abstract paper read before the Man- 
chester Assoc. Engrs.) (47). Oct. 28. 

Portland Cement Works Sweden.* (12) Oct. 28. 

Aeroplanes Paris.* (12) Serial beginning Oct. 28. 

The Acetylene Welding Torch.* Springer. (25) Nov. 

ov. 

Coal-Loading Machine.* William Whaley. (45) Nov. 

European Lift-Valve Engines.* Warren Miller. (9) Nov. 

Power Required for Rolling Steel. Knesche. (9) Nov. 

Power Plant McCormick Building.* Osborn Monnett. (64) Nov. 

The Manufacture Sublimed White Lead.* Blair. (16) Nov. 

Evolution Pratique Machine Vapeur; Machine Expansion Multiple 
Machine Compound.* Mallet. (32) Serial beginning Aug. 

Les Essais des Moteurs d’Aviation. (37) Sept. 30. 

Les Installations Chauffage d’Electricité Royal Belgique 
Uccle.* Hermant. (30) Oct. 

Manutention Mécanique des Minerais par des Ponts Roulants Culbuteurs 
Grand Rendement.* Siegfried Levi. (33) 

Transformation des Usines Elévatoires Ville Lyon.* (33) Oct. 22. 

L’Emploi des Tubes Annulaires dans les Appareils Réfrigérants les Echangeur 

Chaleur. (33) Oct. 22. 

Tentative Traversée par Wellman, sur son Ballon Diri- 
geable America.* Ch. Dantin. 22. 

Brenntorfgewinnung nach Dr. Verfahren (Nassverkoklung). Glase- 
knapp (52) Sept. 15. 

Motorwagen und Fahrzeugmaschinen fiir fliissigen Brennstoff auf der Weltausstel- 
lung Briissel, 1910.* Heller. (48) Serial beginning Oct. 

Stand der Formmaschinenarbeit und des Formmaschinenbaues.* 
Carl Irresberger. (50) Oct. 12. 

Vom Kleinsten Ungleichférmigkeitsgrad fiir Zentrifugal-Pendelregler. 
(53) Oct. 14. 


(Paper 


Versuche zur Ermittlung der giinstigsten Arbeitsweise der Rundschleifmaschine, 
ausgefiihrt Sommer Pockrandt. (48) Serial beginning Oct. 15. 
Ueber neuere Lauftrommeln fiir Dampfturbinen.* Gentsch. (97) Oct. 20. 
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Mechanical—(Continued). 


Ergebnisse der Untersuchung von Kesselblechen, bei denen Rissbildungen auf- 
getreten sind.* Bach. (48) Oct. 22. 


und deren Ursachen.* Schreiber. (50) 


Versuche Walzdrucke einem Blockwalzwerk.* Puppe. 
beginning Oct. 


Metallurgical. 


Some Analyses Copper Blast Furnace Slags and Determination their 
Melting Points.* French. (74) Vol. 19. 


Experiments Reverberatory Practice Cananea, Mexico.* Ricketts. 
19. 


Haute Guinée (West Africa).* Morrow Campbell. 

Modification Pachuca-Tank Practice.* Amos Yager. (103) Oct. 22. 
Electrostatic Separation. Henry Wentworth. (103) Oct. 29. 

Modified Cyanide Process. (105) Nov. 

Appareil Microphotographie.* Robin. (93) Oct 


Sur des Scories Interposées dans Thomas.* Matweieff. (93) 
ct. 


Sur Cémentation par les Gaz.* Portevin. 

Ueber die Ursachen und der Mehrerzeugung beim 
Hochofenbetrieb durch die erhitzen Windes.* 
Wiist. (50) Oct. 

Military. 


Gun Erosion. Philip Alger. (12) Oct. 14. 
Hollow-Handled Intrenching Tool for Infantry.* Harry Bissell. (From 
Spectateur Militaire.) (44) Nov. 


Mining. 


The Elements Slime Concentration.* Walter McDermott. (74) Vol. 19. 
Grading Analyses and their Application.* Stadler. (74) Vol. 


Notes Hammer Drill Work the Granite Mines, C.* Williams. 
(74) Vol. 19. 
Vol 


Development Heavy Gravitation Stamps.* Caldecott. (74) 

Tin the Province Yunnan, China.* Collins. (74) 
ol. 

Copper Leaching Plant the Ural Mountains.* Simon. (74) Vol. 19. 


The Surface Condenser Mining Power Plant.* MacLeod. (74) 
Vol. 19. 


Insulated Neutrals Colliery Installations.* Wellesley Wood. 

(77) Sept. 

Rescue Stations Coal Mining Localities. Williams. (4) 
Oct. 

Electric Haulage Mines.* Arthur Hall, Inst. 
the National Assoc. Colliery Mgrs.) (22) Oct. 
Testing Placers Korea.* Hanlon. (101) Oct. 
Notes the Construction California Dredges.* John Tyssowski. (16) 

Oct. 15. 
The Safety Winding Ropes. Baumann. (From (22) Oct. 21. 
Ore Fines and Flue Dust.* Herbert Haas. 16) Oct. 22. 
Method and Cost Lining Mine Shaft with Concrete.* Worcester. 
26. 
Present Tendencies Cyanide Practice. Mark Lamb. (16) Oct. 


Dredging Conditions the Seward Peninsula.* Massey, (16) 
Oct. 29. 


Kellerman Mine, Kellerman, Ala.* Neill Hutchins. (45) Nov. 
Coal Mining Oklahoma.* Willis Thomas. Nov. 
Mining Cement Gravel Altar.* Aloysius Coll. (45) Nov. 
Blasting Supplies.* Gunsolus. (45) Nov 


Mining Methods Employed Cananea, Mex.* Morris Elsing. (16) Serial 
beginning Nov. 


L’Extraction Minerai Fer dans Bassin Normand.* Brull. (33) 
Oct. 15. 


sur les Inflammations Pousiéres (Comité Central des 
France).* Taffanel. (93) Oct.; (57) Oct. 21. 

Miscellaneous. 

The Pyrometer, its Development and Use.* William Bristol. (41) 
beginning Oct. 


The Weather Relation Municipal Engineering. Turner. (104) 
Oct. 14. 


The Galveston Causeway.* (14) Oct. 15. 
Study Sleet Loads and Wind Velocities.* Frank Fowle. (27) Oct. 27. 


(Paper read before 


*Tllustrated. 
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Manicipal. 


County Roads Systems the Province Ontario, Canada. (86) Oct. 12. 
Highway Dust Reduction the District Alton. Bertram Hartfree. 


(Paper read before the Inst. Mun. and County 
(14) Oct. 15. (104) Oct. 


The Victoria Embankment Pavement. (14) Oct. 22. 
Close-Jointed Granite Block Pavement, Newark, (14) Oct. 22. 
Surface Treatment Roads Residential City. Charles Ross. (Abstract 
before the National Good Roads Convention.) (86) Oct. 26; 
ct. 
(Abstract report Engr. Highways, Ontario.) (86) 
Pipe Subways Cities. (14) Oct. 29. 
Standard Specifications the Road Commissioners Wayne County, Michigan, 
for Course Concrete Road for Trunk Road. (86) Nov. 
Tests Creosoted Wood Paving Blocks.* Holt. (Abstract from Proc. 
Indiana Eng. Soc.) (86) Nov. 

Experiments Binding Gravel and Crushed Gravel with Tar and Asphalt and 
Constructing Water Bound Road Gravel. (Abstract from Bul., Ohio 
State Highway Dept.) (86) Nov. 


Railroads. 


Grade Separation. Breithaupt. (5) Jan. 

Large Stations, Subject for Discussion the Bighth Railway Congress.* 
Kain. (88) Aug. 

Note the Electric Treadles for Locking the Points the Belgian State 
Railways.* Weissenbruch and Verdeyen. (88) 

British Locomotives 1909, Designs and Work.* Gairns. (88) Aug. 

for Freight and Passenger Train Cars.* Willis Squire. 

ept. 

Methods and Costs Surfacing and Smoothing Track. Wallace. (87) Oct. 

Construction Rapid Transit Railroad Relation the Handling Pas- 
sengers, Illustrated the Hudson and Manhattan Railroad. Vipond 
Davies. (2) Oct. 

Economic Considerations Governing the Selection Electric Railroad Apparatus.* 
Darlington. (4) Oct. 

Reinforced Concrete Trestles for Railways.* 

London and Northwestern Locomotives.* (12) Oct. (11) 

Theory Rail Joints.* Felix Lange. (Abstract paper read before the 
Amer. St. and Interurban Ry. Eng. Assoc.) (17) Oct. 12; (96) Oct. 27. 

Report Committee Way Matters. (Amer. St. and Interurban Ry. Eng. 

The Economical Maintenance Tracks and Roadways.* Martin Schreiber. (Ab- 
paper read before the Amer. St. and Inter. Ry. Eng. Assoc.) (17) 
Oct. 

Report Committee Equipment. (Amer. St. Interurban Ry. Eng. 
John Lindall and others. (17) 13. 

How Run Transition Curves without Tables.* (13) Oct. 13. 

Three-Phase Traction Italy; Some Practical Problems Encountered the 
Three-Phase Line.* Warren (27) Oct. 13. 

New Railway South Wales.* (12) Oct. 14. 

Report Committee Heavy Electric Traction. (Amer. St. and Interurban 
Ry. Eng. Assoc.)* Doyle and others. (17) Oct. 14. 

Lubrication Car Bearings. (Abstract report the Mun. Tramways 
Assoc.) (47) Oct. 14. 

The Rhaetian Railway.* (18) Oct. 15. 

Urban and Interurban Terminals.* Martin Schreiber and Low. (Abstract 
paper read before the Amer. St. Interurban Ry. Eng. Assoc.) (17) 


Oct. 15. 

Railway Signaling.* Hacket. (Paper read before the Central Ry. and 
Eng. Club.) (96) Oct. 20. 

Car-Traversing Ballast Loader.* (15) Oct. 21. 

The Copper River Northwestern R.* (18) Oct. 22. 

Storage Batteries for Railway Signal Service. (Report Comm. the Ry. 
Signal Assoc.) (18) Oct. 22. 

The Track and Line Construction Electric Railways. (13) Oct. 27. 

Mountain Rack Railways and the Jungfrau Ry. (Switzerland).* Corthell, 
Am. Soc. (13) Oct. 27. 

Quick-Dumping Drop-Bottom Steel Cars for Handling Iron Ore the Michigan 
Iron Range.* (13) Oct. 27. 

Schmidt’s Smoke Tube Superheater for Locomotives.* (47) Oct. 28. 
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Railroads—(Continued). 


Locomotive; Central Railroad Brazil.* (15) Oct. 28; (18) 
ct. 
Extensions and Betterments the Great Northern Ry.* Oct. 


Street Concrete Brackets. (From Times Eng. Sup., London.) (14) 


Protecting Railroad Embankments against Currents. (14) Oct. 29. 

Suburban Tank Locomotive 4-6-4 Type, Canadian Pacific Railway.* (25) Nov. 

The Improved Baker-Pilliod Valve Gear.* (25) Nov. 

Pacific and Consolidation Type Milwaukee St. Paul 
Railway.* (25) Nov. 

Interesting Railway Achievements New Zealand.* Wilson. (9) Nov. 

The Electric Bolt Lock Applied Interlocking.* (Abstract 
Comm. the Ry. Signal Assoc.) (13) Nov. 

The First Judicial Decision the Peoria Electrolysis Case. (14) Nov. 

Mallet Compound Locomotives for the Chesapeake Ohio Ry.* (18) Nov. 

Screw Spikes and Specially Designed Tie Plates, Baltimore Ohio and Long 
Island Roads.* (18) Nov. 

and Pressure Test Jacobs-Shupert Locomotive Firebox.* 
ov. 

The Logging Railways the Pacific Northwest.* (15) Nov. 

Converted Mallet Locomotives for the Chicago Great Western.* (15) Nov. 

Locomotive Boilers. (25) Nov. 

Compound Locomotive the 2-8-8-2 Type (Virginian Ry.)* 
(25) 

Résumé sur des Services Techniques d’un Réseau Tramways 
Electriques. Fred Landolt. (34) Serial beginning Sept. 

Locomotives Marchandises, Compound, Quatre Essieux Couplés Bogie, 
des Chemins Fer Paris Lyon Mediterranée.* 

Note sur des Enclenchements Continuité 
Lartigue.* Ch. Jullien. 

Note sur les Bogies Voitures Ressorts Rappel Lames Etagées 
Compagnie des Chemins Fer Midi. Bachellery. (38) Oct. 

Tranchée des Batignolles.* Charles Rabut. (33) Serial beginning Oct. 

ct. 

Les Wagons-Ambulances des Chemins Fer Fédéraux Suisses.* (33) Oct. 22. 

Die des Bahnhofs Grunewald bei Berlin.* Blum und Giese. (49) 

D-Gleichstrom-Heissdampf-Giiterzug-Lokomotive mit von 
Schmidt und Zylindern mit Ventilsteuerung der Bauart Stumpf.* Wolters. 
(102) Serial beginning Oct. 

Ermittelung der der Biedermann. (102) 
Serial beginning Oct. 

Wirkungen des Frostes auf das Schutzmassregeln dagegen.* 
von Lubimoff. (102) Serial beginning Oct. 

Beitrag zur Berechnung von Lokomotiven.* Rud. Engel. (48) Oct. 22. 


Railroads, Street. 


Elevated Car Storage Yard.* (14) Oct. 15. 

Special Overhead Layouts for Trolley Railway.* 
(86) ct. 

Street Railway Appraisal Methods Chicago. (14) Oct. 29. 

Design Cars for Chicago Street Railways.* (17) Oct. 29. 

Steel Guard for Paving Laid Against (17) Oct. 29. 

Chemical Treatment Ties used the Chicago Track Rehabilitation. (17) 
Oct. 29. 

Cost Concrete Work Two Car Houses and Substation for the Chicago 
Citv Railways Co. (86) Nov. (17) Nov. 

Track Reconstruction the Chicago Street Railways.* (13) Nov. 

Brooklyn Line Department, Manufacturing Facilities, Purchasing Standards and 
Experimental Work.* (17) Nov. 


Sanitation. 


The Practical Questions Concerned the Collection and Disposal Municipal 
Waste.* William Morse. (Paper read before the Bost. Soc. Civ. 

Effect Sewage Gases Concrete Work. Wm. Dunn. (67) Oct. 

Cost Sprinkling Filter Sewage Purification. (96) Oct. 13. 

The Sterilization Water and Sewage Effluents. Shenton. (96) Oct. 13. 

First-Hand Impressions German Sewage Disposal. Ogden, Am. Soc. 
(13) Oct. 18. 
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Sanitation—(Continued). 


Drainage Irrigated Lands with Special Reference Experiments Utah.* 
Charles Brown, Assoc. Am. Soc. (13) Oct. 13. 

Expansion Tanks for Hot Water Heating.* (101) Oct. 15. 

Sewage Purification Installation Prescot, England. (96) Oct. 

Reinforced Concrete Sewers Soft Ground, Seattle.* (14) Oct. 

Diffusion and Digestion Sewage New York Harbor. (86) Oct. 

The Extraction and Collection Dust Manufacturing Operations.* Oct. 28. 

Heating Boston Bank Building.* (101) Oct. 29. 

Sewage Disposal Works Redditch, England. (Abstract paper read before the 
Inst. Mun. and County (14) Oct. 29. 


The Disposal Cheese Factory Waste. (From Report, Ontario Bd. 
Health.) (96) Nov. 


Twin Furnaces for Residence Heating.* (101) Nov. 
Structural. 


Some Considerations the Theories Governing the Elastic Breakdown Mem- 


Foundations for the Northwestern Railway Terminal Building, Chicago.* Maurice 
Deutsch. (6) Apr. 

Machine vs. Hand-Mixed Concrete. Gaylord. (67) Oct. 

Method for Long Span, Light Floor; Reinforced Concrete Construction with Com- 
parative Cost. Emile Perrot. (67) Oct. 

Iron Castings: Defects and Remedies.* Robert Job. (Paper read before the Can. 
Ry. Club). (96) Oct. 13. 

The Cracking and Partial Failure Abutments and Retaining Walls.* Charles 
Mohler. (13) Oct. 13. 

The Behavior Hydraulic Compounds Sea-Water.* Buchartz. (12) 
Oct. 14; (67) Oct. 

Bending Moments Concrete Wall Columns and Fixed Beams.* (14) Oct. 15. 

Two Concrete Stairways.* (14) Oct. 22. 

Deep Underpinning Through Sand.* (14) Oct. 22. 

Method Depositing Concrete Chuting Seven-Story Building with Some 
Costs.* (86) Oct. 12; (14) Oct. 22. 

Sheet Metal Construction Pier Sheds.* (101) Oct. 29. 

The Tacoma High School Stadium.* Leslie Howell. (14) Oct. 29. 

Large Reinforced Concrete Cantilever Girder.* (14) Oct. 29. 

Fireproof Oilhouses.* (Report Comm. the Amer. Ry. Bridge and Bldg. 
Assoc.) (18) Oct. 29. 

Wire Glass Roundhouses, Shops and Station Buildings.* (Report Comm. 
the Amer. Ry. Bridge and Bldg. Assoc.) (18) Oct. 29. 

The Permeability Paint Films.* Henry Gardner. (3) Nov. 

Methods and Costs Excavating and Concreting Swimming Pool.* (86) Nov. 

The Design Retaining Walls, Adapted from Georg Christoph Mehrtens, 
lesungen Ueber Static der Baukonstructionen und George 
Purver. (86) Nov. 

Collapse Reinforced Concrete Grain Bin Springfield, Ohio.* 

Fire Protection the Pennsylvania Station, New York City. (13) Nov. 

the Pacific Creosoting Co., Eagle Harbor, Washington.* (13) 


Reinforced-Concrete Cold Storage Warehouse Jersey City, J.* Arthur 
Hoadley. (13) Nov. 

Construction Plant the Minnesota Steel Works.* (14) Nov. 

Structural Details the Curtis Buildings.* (14) Nov. 

Completion Foundations for the Municipal Building, New York.* (14) Nov. 

The Maverick Cotton Mills East Boston.* (14) Nov. 

Nouvelles Recherches Expérimentales Bach Graf. (relatives béton 
ciment armé). (84) Sept. 

Béton Céramique Armés; Poyet.* (84) Sept. 

Béton non Armé.* Tédesco. (84) Serial beginning Sept. 

Nouveaux Choc Températures Variables.* Léon Guillet Louis Révil- 
lon. (93) Oct. 

Fatigue des Métaux les Nouvelles Méthodes d’Essais.* Ch. Fremont. (33) 
Serial beginning Oct. 22. 

Neubau der Ansiedlungskommission.* (49) Pt. 10. 

Die Speicheranlagen Hafen von Konstanza.* Buhle. (49) Pt. 10. 

Uber Versuche mit Rathgen. (49) Pt. 10. 

Die neue Technische Hochschule Breslau.* (49) Pt. 10. 

Die fiir die Aula der Schlesischen Blinden-Unter- 
richtsanstalt Breslau.* Karl Schaaf. (51) Sup. 
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Structural—(Continued). 


aus Elwitz. (78) Sept. 24. 


stadischen Friedhofneubau Frankfurt Main.* 


Mosaik fiir Edgar Bolhar von Nordenkampf.* (78) Oct. 

Neuere feuersichere Tiirkonstruktion.* Wendt. (51) Oct. 

Berechnung vierseitig freiaufliegender rechteckiger Platten mit ver- 
teilter Belastung.* Dorner. (78) Oct. 27. 

Feuersichere aus Saliger. (78) Oct. 27. 


Water Supply. 


Fort William Water Supply.* Sydney Hancock, Jr. (5) Jan. 
an. 
Filtration Works and Reservoirs for Portsmouth Water Supply.* (12) Oct. 
The Hydro-Electric Plant the Cobalt Power Company Hound Chute.* 
Vonaesch. (96) Oct. 13. 
Low-Head Hydroelectric Plant, Engineering and Economical Features the 


Electric Generating Equipment the University Iowa.* Arthur Ford. 
(27) Oct. 18. 


Flow Measurement Means the Pitot Tube.* (104) Oct. 14. 
Derwent Valley Water Scheme.* (12) Oct. 14. 
Tunneling Record the Catskill Aqueduct. (14) Oct. 15. 


Methods Construction and Contractor’s Plant the Ashokan Reservoir, New 
York Water Supply.* (86) Oct. 


Cost Water-Power and Coal. Alton Adams. (27) Oct. 20. 
Concrete Tower Enclosing Water-Works Tank Gary, Ind.* (13) Oct. 20. 


Excavation Wallkill Pressure Tunnel, Catskill Aqueduct (New York City Water 
Supply).* Raymond Hulsart. (13) Oct. 20. 


The City Power Plant the United Missouri River Power Co.* (13) 


Hydroelectric Development the Tajo River, Spain.* (14) Oct. 22. 
Water Purification Plant Richmond, Virginia. (14) Oct. 22. 


The Green River Gravity Water Supply Tacoma. Stuart Sims, Assoc. Am. 
Soc. (14) Oct. 22. 


Enlargement the Water Works Portland, Ore. (14) Oct. 22. 

The Infiltration Plant Ironton, Ohio. (14) Oct. 22. 

Labor Cost Laying Miles 20-Inch Cast Iron Water Main Cheyenne, 
Wyo.* Moulton. (86) Oct. 26. 

Methods Conducting Test Borings and Sinking Shafts for the Hudson River 
Crossing the Catskill Aqueduct.* (86) Oct. 26. 

Water Powers. Herbert Knox (Paper read before the Natl. Conservation 
Cong.) (96) Oct. 27. 

Pure Water and the Pollution Waterways. (Abstract paper read 
before the Dominion Public Health Conference.) (96) Oct. 27. 

Arched Masonry Dam Las Vegas, M.* Charles Sherman, Am. Soc. 

Clever Question Regarding the Hypochlorite Process.* Jennings. (14) 


Oct. 29. 

Fill the Turlock Irrigation District Canal.* Kempkey, Jr., 
Assoc. Am. Soc. (14) Oct. 29. 

The Construction Plant for the Holter Dam.* (14) Oct. 29. 

The First Judicial Decision the Peoria Electrolysis Case. (14) Nov. 

The Esopus Cut-and-Cover Section the Catskill Aqueduct.* (14) Nov. 

Der Talsperrenbau Deutschland und Preussen.* Roloff. (49) Pt. 10. 

eine Druckleitung unter Druckhéhe Tuena, Spanien.* 
(78) ept. 

Modellversuche die Spannungsverteilung massiven Sperrmauern.* Ziegler. 
(78) Serial beginning Oct. 

Amerikanische Wasserkraft-Uebertragungsanlagen.* Frank Koester. (48) Serial 
beginning Oct. 
Bestimmung von Stromrichtungen mit Pitotrohren.* Schuster. (From Mitt. 

Forschungsarbeiten.) (48) Oct. 


Waterways. 


Subaqueous Concrete Works.* Lordly, Can. Soc. (5) Jan. 

Trip Across the Isthmus: and Conditions the Canal Zone.* Martin 
(2) Oct. 

Percy’s Patent Locomotive Stage. (For marine and river work.)* (96) Oct. 13. 

Present Status the Disposal Sulphite Liquor Germany. Pritzkow. (14) 


ct. 22. 
Methods Constructing Cast Iron Culverts Prevent Pulling Apart and Re- 
pairing when Pulled Apart. (86) Oct. 26; (14) Oct. 22. 


- 
4 
q 
7 a 


CURRENT ENGINEERING LITERATURE 527 


Waterways—(Continued). 


Scraper Excavator with Erection and Operating Costs.* 
26. 

The Phenomena the Sea, Regards Encroachment and the Reclamation the 
Coast.* Frank Latham, Inst. (Paper read before the Inst. Mun. 
(104) Oct. 28. 

The Use the Rolling Dam Europe.* (14) Oct. 29. 

The Panama Canal.* Mee. (45) Nov. 

Stream Measurements for the Dominion Government Alberta, Sask.* Sauder. 
(Abtract report Supt. Forestry.) (96) Serial beginning Nov. 
Methods Bank Protection.* (Report Comm. the Amer. Ry. Bridge and 

Bldg. Assoc.) (18) Nov. 
Projet Canal Baie Georgienne (Canada).* Dupont. (33) Oct. 
Eisenbeton Guadalquivir, Spanien.* Juan Manuel Zafra. 

Walzenwehr der Trisanna.* Alfred Wessely. (53) Oct. 

Der neue Osthafen Frankfurt M.* (51) Oct. 19. 

Arngast-Leuchtturmes bei Wilhelmshaven.* Carl Wesemann. (51) 

ct. 

Die elektrische Treidelei der fiir die Unterweserkorrektion bei Bremen.* 

Otto Tuch. (48) Oct. 22. 
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MINUTES MEETINGS 
THE SOCIETY 


November 16th, 1910.—The meeting was called order 8.30 
Bowman, Am. Soe. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, 105 members and guests. 

paper Wadsworth, Am. Soc. E., entitled “The 
Failure the Yuba River Débris Barrier, and the Efforts Made for 
Its Maintenance,” was presented the Secretary, who also read dis- 
cussions the subject Messrs. William Harts and 
Hammatt. The paper was discussed orally Messrs. Atwood 
and Purdy. 

The Secretary announced the following deaths: 

elected Member, January 2d, 1884; 
died October 31st, 1910. 
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elected Junior, September 3d, 1907; died September 
18th, 1910. 


elected Junior, October 5th, 1909; 
died November 2d, 1910. 


Myers, elected Junior, June 1909; died October 
10th, 1910. 
Adjourned. 


December 7th, 1910.—The meeting was called order 8.30 M.; 
President Bensel the chair; Chas. Warren Hunt, Secretary; and 
present, also, 120 members and guests. 

The minutes the meetings October 19th and November 2d, 
1910, were approved printed Proceedings for November, 1910. 

paper William Fry Scott, Assoc. Am. Soe. E., entitled 
“Bond-Friction-Resistance Concrete,” was presented 
the author. Written discussions Messrs. Edward Godfrey, Joseph 
Maguire, and Talbot, were read the Secretary, and the 
subject was discussed orally Messrs. Lindau, Goodrich, 
and the author. 

“Hydrography Aid the Successful Operation Irrigation 
System,” was presented title. Written communications the 
subject, Messrs. Chandler, Shipman, and Clemens 
Herschel, were read the Secretary. 

The Secretary announced the election the following candidates 
December 6th, 1910: 


Zamboanga, Philippine Islands. 
Eppy, New Westminster, C., Canada. 
Brooks Fry, New York City. 

CHRISTIAN WoERMANN, San Antonio, Tex. 


Associate 


CLEAVELAND ALLEN, Manchester, Mass. 
New York City. 
Frank Barnes, Jr., North Cambridge, Mass. 
St. Louis, Mo. 

LAWRENCE Everett Pittsburg, Kans. 
Warren Day, Chicago, 

Grear Dow, Eden, Wyo. 

Victor St. Louis, Mo. 
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Howarp Gay, Little Falls, 
CLARENCE Lawrence, Mass. 

Lee Swaney San Francisco, Cal. 

Hosmer, Pequea Creek, Pa. 
Kays, Richfield, Idaho. 


Ottawa, Ont., Canada. 


Joun Rowlesburg, Va. 
Woop Canton, China. 

New York City. 

SHEARER, Memphis, Tenn. 
New York City. 
WINEMAN Lincoln, Nebr. 
Warren Boise, Idaho. 

Enrique Sagua Grande, Cuba. 


Nep Duncan Sacramento, Cal. 
Brann, Cainsville, Mo. 
Lynn Salt Lake City, Utah. 
Warren Day, Oakdale, Cal. 

Eppy, Berkeley, Cal. 
Wilkinsburg, Pa. 

Havens, New York City. 

Valencia, Pa. 

Norman Atlanta, Ga. 
Henry Kesner, Berkeley, Cal. 

ALEXANDER Lyncu, West Haven, Conn, 

Pittsburg, Pa. 

Lewis Wellington, Wash. 
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The Secretary announced the transfer the following candidates 
December 6th, 1910: 
New York City. 
Victor Kansas City, Mo. 
Epwarp Gray, St. Louis, Mo. 
New York City. 
Parsons, Stamford, Conn. 
Chicago, 
Loomis New York City. 


New York City. 

Epwarp Barrett, New York City. 

Burns, Sacramento, Cal. 

Gustavo Santa Clara, Cuba. 
Lawrence Hanavan, Newburg, 

Benson Chattanooga, Tenn. 
Tuomas Pittsburg, Pa. 
Scort, Pittsburg, Pa. 
Jupson Wartow, Bethlehem, Pa. 


The Secretary announced the following deaths: 


Past-President, Am. Soc. E., elected Member, 

February 19th, 1868; Fellow, July 11th, 1872; died November 23d, 1910. 

Sureve elected Junior, October 4th, 1892; Asso- 
ciate Member, October 5th, 1898; died August 17th, 1910. 


Adjourned. 


December 21st, 1910.—Because the necessity going press 
with this number Proceedings advance this meeting, the publi- 
its minutes must deferred until January, 1911. Two 
papers have been set down for discussion: “Notes the Bar Harbors 
the Entrances Coos Bay, and Umpqua and Siuslaw Rivers, 
Oregon,” Morton Tower, Am. Soc. E.; and “Timber 


Preservation, Its Development and Present Scope,” Walter Buehler, 
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THE BOARD DIRECTION 
(Abstract) 


December 6th, 1910.—President Bensel the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Andrews, Belknap, 
Brackett, Kimball, Kittredge, Knap, Pegram, Schneider, Swensson, 
and Thompson. 

Arrangements for proposed trip Panama for members the 
Society were reported upon, and the Secretary was authorized issue 
circular all members giving the full details regard the 
matter. 


draft proposed bill for the licensing Civil Engineers was 
considered. 

Ballots for membership were canvassed, resulting the election 
Members, Associate Members, and Juniors, and the transfer 
Juniors the grade Associate Member. 

Associate Members were transferred the grade Member. 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 
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ANNOUNCEMENTS 


eyery day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 
January 4th, 1911.—8.30 M.—A paper entitled “The Valuation 
Public Service Corporation Property,” Henry Earle Riggs, 
Am. Soe. E., will presented for discussion. 
This paper was printed Proceedings for November, 1910. 


Wednesday and Thursday, January 18th and 1911. —The 
Fifty-eighth Annual Meeting will held. The Business Meeting 
will called order o’clock Wednesday morning the 
Society House. The Annual Reports will presented, officers for the 
ensuing year elected, members the Nominating Committee ap- 
pointed, Reports Special Committees presented for discussion, 
proposed Amendment the Constitution presented for action, and 
other business transacted. 

Arrangements for the Annual Meeting have been placed the 


hands committee composed Messrs. George Blakeley, 
Harris, and Chas. Warren Hunt. 


February 1911.—8.30 this meeting paper entitled 
“The Water-Works and Sewerage Monterrey, Mexico,” 
George Robert Graham Conway, Am. Soe. E., will presented 
for 


This paper printed this number Proceedings. 


Soe. E., entitled “Water Purification Plant, Washington, C., 
Results Operation,” will presented for 

This paper printed this number Proceedings. 


SPECIAL MEETINGS FOR TOPICAL DISCUSSION 

the days immediately following the Annual Meeting, 
three meetings the Society will held which the subject for 
will “Road Construction and Maintenance.” 

The meetings will held follows: 

First Meeting, Friday, January 1911.—10 
divisions the subject will discussed: 

(1) “Preliminary Investigations.” 

The this subject will introduced Logan 
Page, Am. Soe. 

(2) “Relative Value Three Methods Carrying Work: 
(a) That which both labor and material are furnished the 
That which the material supplied the party 
the first part, and the labor the contractor. (c) That which 
both the labor and material are supplied the party the first part.” 
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The discussion this subject will introduced Harold Parker, 

(3) “Systems Maintenance.” 

The opening discussion this subject will Hubert 
Bishop, Am. Soe. 


Second Meeting Friday, January M.—The following 
sub-divisions the subject will discussed: 

(4) “The Use Water, Calcium Chloride, Light Oils, 
Dust Palliatives.” 

This subject will Samuel Whinery, Am. 
Soe. 

(5) “Surface Treatment with Tars, Heavy Oils, ete.” 

The this subject will introduced Charles 
Ross, Esq. 


Third Meeting, Saturday, January 21st.—10 M.—The following 
will introduced: 

(6) “The Use Bituminous Materials Penetration Methods.” 

The discussion this subject will introduced Walter 
Crosby, Am. Soe. 

(7) “The Use Bituminous Materials Mixing Methods.” 

This topie will introduced Arthur Blanchard, Am. 
Soe. 

number Engineers specially interested Road Construction 
have agreed present and take part the discussion each 
all who attend the meetings present their opinions. With this end 
view, each participant the discussion each topic limited 
five minutes, except the speakers who introduce the subject, and ten 
minutes are allotted them. 

All Engineers, whether members the Society not, are cordially 
invited attend these meetings, and hoped that the resulting 
when collated and published will bring the whole subject 
date. 


PROPOSED AMENDMENT THE CONSTITUTION 


The following proposed amendment the Constitution was received 
the first Wednesday November, 1910, and herewith brought 
the attention all Corporate Members. 

This amendment will presented the Annual Meeting, January 
18th, 1911, provided Section Article the Constitution, 
which reads follows: 

Amendments presented the Secretary before the first 
Wednesday November shall sent letter the several Corporate 
Members the Society least twenty-five days previous the Annual 
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Meeting. Such amendments shall order for discussion such 
Annual Meeting, and may amended any manner pertinent the 
original amendments majority vote the Annual Meeting, and 
amended shall voted upon letter-ballot form amended 
the Annual Meeting; not amended, they shall voted upon 
letter-ballot submitted. The vote counted the first 
regular meeting March.” 

Amend Article IV, follows: 

Add the end Article IV, the following: 

Corporate Members and Associates who have reached the age 
seventy years, and who have paid dues such for twenty-five years, 
shall exempt from further dues. Corporate Members and Associates 


who have paid dues such for thirty-five years shall exempt from 
further dues.” 


The above amendment signed the following Corporate Mem- 
bers: Kenneth Allen, Bowman, Gardiner, Knighton, 
Pollock, Robert Ridgway, Waldo Smith, and Geo. 
Tillson. 

SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies and other information special 
subjects furnished. 

The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the the Annual Report 
the Board Direction for the year ending December 31st, 1906, con- 
tains summary all searches made that date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussion the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
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sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussions, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 


scheduled for presentation any meeting. Such papers will 


published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 


SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 


Proceedings, ten Numbers per annum, $8. Price for single 


numbers, $1. 


Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 25% members who 
desire extra copies any these publications, Libraries, and 
Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for Transactions, cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 
San Francisco Association 
The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held M., the 
Palace Hotel, the third Friday February, April, June, August, 
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October, November, and December, the last being the Annual Meeting 
the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Assoc. Am. Soe. 
E., 713 Mechanics’ Institute, Post Street. 

The by-laws the Association provide for the extension hospi- 
tality any members the Society who may temporarily San 
Francisco, and any such member will gladly guest 


the Association any the above meetings, will notify the 
Secretary that San Francisco. 


Colorado Association 


(Abstract Minutes Meeting) 


November 15th, 1910.—The November meeting the Association 
took the form excursion City, Colo., and vicinity. 
After inspection the construction work the dam the Beaver 
Land and Irrigation Company, the party returned City 
where dinner was served. 

Following the dinner the meeting was called order; President 


George Anderson the chair; Burt, Secretary; and present, 
also, members and guests. 


The minutes the October meeting were read and approved. 

paper the Construction the Beaver Dam was presented 
Winfield Holbrook, Am. Soe. E., Resident Engineer, 
which was followed discussion the subject. 

Wetherill, Am. Soe. E., Consulting Engineer the 
Empire Zine Company, gave informal talk zine, its occurrence 
ores, its reduction, uses, which was followed description 
the methods used the Empire Zine Company its Cafion City 
plant, Livingston, Am. Soe. E., the Superintendent. 
Questions and discussions this subject followed. 


resolution thanks was unanimously voted all who had ex- 
tended courtesies the members the Association the trip. 
Adjourned. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 
the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 

American Institute Mining Engineers, West Thirty-ninth 

Street, New York City. 


Architekten-Verein Wilhelmstrasse 92, Berlin 66, 
Germany. 


dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 


q 
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Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 


Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, 718 Caxton Building, Cleveland, 
Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Colorado Association Members, Am. Soc. E., Burt, 
Secy., 235 Equitable Building, Denver, Colo. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 


Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 


Engineers’ Society Western Pennsylvania, 2511 Oliver Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, 
England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 


North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 
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Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Ger- 
many. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 


(From November 8th December 12th, 1910) 


DONATIONS* 
DER TALSPERRENBAU 


Nebst Beschreibung Ausgefiihrter Talsperren. Von Ziegler. 
392 pp., illus. Berlin, Wilhelm Ernst Sohn, 1911. 21.50 Marks. 


This book contains, stated, detailed study the construction dams, 
from choice site completion. this, the second edition, the historical 
and otherwise prominent characteristics such construction have been described, 
but only those details which are necessary establish general principles and 
rules, have been given examples. description completed dams, which in- 
cludes several constructed the United States, given, and the book also con- 
tains bibliography the subject. The Contents are: Die Vorarbeiten; Die 
Bauart des Abschlusswerks: Entnahmevorrichtungen und 
Die Berechnung der Staumauern; Beschreibung einiger bemerkswerten Talsperrenan- 
lagen; Die von Talsperren und ihre Ursachen; Gesetzliche Bestim- 


mungen; Anhang: Literaturverzeichnis; Angaben iiber deutsche und 
Talsperren. 


TRACK AND TABLES. 


| 
Handbook the Theory and Practice Turnouts and Track 
with Useful Tables, Original and Selected, for the Use 
Students and Engineers the Classroom, Office and Field. 
Shelby Saufley Roberts, Am. Soc. Leather, illus., 


514 pp. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1910. $3.00. 


Assuming that the student, and the engineer entrusted with the design stak- 
ing out tracks, will have acquired information regard the theory rail- 
road curves, the author, stated, has omitted all discussion that subject. 
has been his aim present, this book, practical manner, those track 
problems most frequently met actual practice, and these has added time- 
saving tables and others for estimating. The formulas are said based the 
actual properties the frog and split switch, and most them have been 
worked out the they have been tested actual practice. The Contents 
are: Frogs and Split Switches; Turnouts into Diverging Tracks; Crossovers; 
Connecting Tracks; Wyes; Parallel and Concentric Sidings; Crossings; Ladder 
Tracks; Vertical Curves; Capitalization, Annual Cost, Equivalent Cost; Miscel- 
laneous Formule and Rules the Thumb; Tables. 


CLARIFICATION SEWAGE. 


Rudolf Schmeitzner. Translated Elliott Kimberly. Cloth, 
114 pp. New York, The Engineering News 


Publishing Company; London, Constable Company, Ltd., 1910. 
$1.50. 


This book stated the result visit the author number 
the larger German clarification plants where preparatory devices constitute the 
entire treatment sewage. The plants are discussed from engineering stand- 
point, the chemical and bacterial phases the question being but briéfly men- 
tioned, and the book stated the translator critical review the design 
screens various types sedimentation tanks, towers, and methods 
sludge removal and disposal present use Germany. The Contents are: 
Introduction General Principles the Design Clarification Plants; The Com- 
position Sewage; Component Parts Clarification Plant; Sludge Removal 
and Treatment for the Recovery By-Products; Practical Arrangement 
Clarification and Purification Plants; Addendum; List Plates; Index. 


Unless otherwise specified, books this list have been donated the publishers, 
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THE ART ROADMAKING. 


Treating the Various Problems and Operations the Con- 
struction and Maintenance Roads, Streets, and Pavements. 


Harwood Frost. Cloth, in., 544 pp. New York, 
The Engineering News Publishing Co., 1910. $3.00. 


The preface states that this book intended give outline the history 
road building, the problems which confront the engineer the location, con- 
struction, and maintenance roads, and the properties the various road- 
making materials, non-technical language suitable for the general reader. 
regards the contents the presentation new methods ideas, 
claimed, and the compilation the subject-matter technical periodicals, 
Government reports, and few trade publications, have been drawn and quoted, 
the object being condense into single volume the fundamental and essential 
principles road-making presented the most reliable authorities. The book 
contains extensive bibliography and descriptive list current books and 
pamphlets the subject. The Contents are: Introduction 
Part Preliminary Considerations: Resistances Traction; Road and Pavement 
Economies; Principles Underlying the Selection Pavements for Different Pur- 
poses. Part II, Country and Suburban Roads: Location Country Roads; Con- 
struction and Protective Works; Material Used Road Construction; Earth, 
Gravel, Sand and Clay Roads; Broken-Stone Roads; Roads Mountainous Dis- 
tricts; Control and Prevention Road Dust; State Aid Laws. Part III, City 
Streets and Pavements: The Design City Streets; Stone Block Pavements; Brick 
Pavements; Wood Block Pavements; Asphalt Pavements; Concrete Pavements; 
The Cleaning and Santitation City Streets; Sidewalks, Curbs, and Gutters; 
Miscellaneous Roads and Pavements; The Roadside; Appendix; Index. 


THE THEORY AND PRACTICE SURVEYING. 


Designed for the Use Surveyors and Engineers Generally, but 
Especially for the Use Students Engineering. Johnson. 
Seventeenth Edition, Rewritten Leonard Smith, Am. 
Soe. Cloth, illus., 921 pp. New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1910. $3.50. 


The reviser, stated, has taken advantage needed resetting this 
book revise thoroughly and large part rewrite it, order carry 
out the author’s plan keep this work fully abreast the best American prac- 
The book divided into three parts, which Part treats the adjust- 
ment, use, and care all kinds instruments used surveying, either the 
field office. The changes this part, the reviser states, are follows: The 
rearrangement the subject-matter and the addition illustrations and descrip- 
tions various instruments. Part II, which includes descriptions the 
theory and practice surveying methods, the chapters Land Surveying, Topo- 
graphical Surveying, Hydrographic Surveying, and City Surveying have been re- 
written and brought date. The chapter Railroad Topography has been 
omitted this edition and its place new chapter Stream Measurements. 
new article the surveying bore-holes has been added the chapter 
Mining Surveying, together with new problems the subject and new illustrations. 
Part III, which relates Geodetic Surveying, the old chapter that subject has 
been divided and rewritten five chapters. There also new chapter 
Field Astronomy Professor George Comstock the University Wisconsin, 
and the chapter Map Projection and Map Lettering has also been rewritten and 
enlarged. Another new feature the addition, the end 
references the best literature the subject. The Contents are: Surveying 
Instruments: Instruments for Measuring Distances; Instruments for Determining 
Directions Instruments for Determining Horizontal Lines; Instruments for Measur- 
ing Angles; The Plane Table; Additional Instruments Used Surveying and 
Plotting. Surveying Methods: Land Surveying; Topographical Surveying the 
Transit and Stadia; Hydrographic Surveying; Stream Measurement; Mining Sur- 
veying; City Surveying; The Measurement Volumes. Geodetic Surveying: 
Triangulation and Base Line; Field Astronomy; Trigonometrical Levelling; Pre- 


cise Spirit Levelling; Projection Maps, Map Lettering, etc.; Appendices; Tables; 
Index. 


PRACTICAL SHAFT SINKING. 
Francis Donaldson. Cloth, in., 148 pp. New 
York and London, Book Company, 1910. $2.00. 


The subject-matter this book stated have been published series 
articles, Mines and Minerals during 1909-10, and here reproduced with 
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alterations and additions. shaft contract form common use appended 
the first chapter, which relates shafts and shaft sinking. This followed 
chapters the plant required and methods used for sinking shafts various 
surfaces. description the various kinds sinking pumps followed 
chapter materials for lining shafts, other than concrete, which subject the 
last chapter devoted. The Contents are: Some Deep Shafts, Features Con- 
tracts for Sinking, Form Contract; Plant Required: Boilers, Hoisting Engines, 
Head-Frame and Bucket, Air Compressors; Sinking Through Surface—Soft Ground: 
Wooden Sheeting, Steel Sheeting, Caissons Steel, Wood, Concrete; Sinking 
Through Soft Ground: Pneumatic Process, Shield Method; Sinking Rock; Ar- 
rangement Holes, Tools and Methods Used Drilling, Costs and Speed; The 
Sinking-Drum Process, Mammoth Pump, The Freezing Process; The Kind-Chaudron 
Boring Process, Cementation Water-Bearing Fissures; Lifting Water, Horizontal 
vs. Vertical Pumps, Handling Pump:. Shaft, Cornish Pumps; Shaft Linings; 
Concrete Linings, Costs per Linear Foot for Rectangular, Elliptical, and Quad- 
rilateral Shafts; Index. 


TEXT-BOOK PRACTICAL ASTRONOMY. 


New John Wiley Sons; London, Chapman Hall, Limited, 
1910. $2.00. 


has been the author’s intention, stated the preface, produce book 
which shall intermediate between student’s textbook Astronomy and 
Geodesy and the short chapter the subject generally given textbooks 
Surveying, and which shall especially adapted the needs the civil engineer- 
ing student. The subject has been discussed from engineering standpoint, and 
the observations treated are stated chiefly those which can made with 
surveying instruments. The elementary principles have been treated rather 
elaborately order make them clear, and much space has been devoted the 
Measurement Time, which subject stated cause the student more difficulty 
than any other branch Practical Astronomy. The subject-matter has been ar- 
ranged reference book for the field engineer, the more elementary subiects being 
printed large type. The Chapter Headings are: The Celestial Sphere, Real and 
Apparent Motions; Definitions, Points and Circles Reference; Systems Co- 
ordinates the Sphere; Relation Between Measurement Time; 
The American Ephemeris and Nautical Almanac, Star Catalogues, 
The Earth’s Figure, Corrections Observed Altitudes; Description Instruments, 
Observing; The Constellations; Observations for Latitude; Observations for De- 
termining the Time; Observations for Longitude; Observations for Azimuth; Nau- 
tical Astronomy; Tables; Index. 


Gifts have also been received from the following: 
Aberdeen, Scotland-Water-Works. vol. Dartmouth School Eng. 


pam. pam. 
Aldershot, England, Gas, Water Dist. Dist. Columbia-Engr. Dept. vol. 


Lighting Co. pam. Dover, England-Water-Works. pam. 
Am. Min. Congress. pam. Dunoon, Scotland-Water-Works. pam. 
Arnold, Bion bound vol. East Indian Ry. Co. pam. 


Birmingham, England-Water-Works. Ecole Speciale D’Architecture. pam. 
pam. Edinburgh, Scotland-Water-Works. 
Black, William pam. bound vol., pam. 
Blackpool, England-Water-Works. pam. Exeter, England-City Engrs. and Sur- 
Boston, Mass.-Dept. Parks. pam. veyors. pam. 
California-Board State Harbor Ferrocarriles Nacionales México. 
Commrs. bound vol. pam. 
Cambridge, England-Univ. Great Britain-Port London Authority. 
Water-Works Co. pam. pam. 
Cambridge, Mass.-City Engr. pam. Hartmann, Ernest diagram. 
Canada-Board Ry. Commrs. vol. Rudolph. pam. 
Canada-Dept. Marine and Fisheries. Howie, pam. 
Canada-Geol. Survey. pam. bound vol., pam. 
Cape Good Hope-Public Works Dept. Illinois-R. and Warehouse Comm. 
pam. bound vol., map. 
Cape Town, South Africa-Dept. Irrig. Illinois, Univ. of-Eng. Exper. Station. 
pam. bound vol. 
Cardiff, Wales-Water-Works. pam. India-Public Works Dept. pam. 
Cheltenham, England-Water-Works. Indian Midland Ry. Co. pam. 
pam. Institution Civ. Engrs. bound 
Colorado, Univ. of. vol. 


pam. 
Corthell, pam. Institution Engrs. and Shipbuilders 
Cuarto Congreso Cientifico (1. Pan-Amer- Scotland. pam. 
icano). vol. Iowa Central Ry. Co. pam. 
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Iron and Steel Inst. bound vol. Philadelphia, Pa.-Dept. Public Health 
Jacksonville, Fla.-Board Water- and Charities. pam. 

Works. pam. St. John, B.-City Engr. pam. 
Leeds, England-Water-Works. pam. Smithsonian Institution. bound vol. 
Leicester, England-Water-Works. pam. Southend, England-Water-Works Co. 
Lewis, bound vol. pam. 

Lynn, Mass.-City Council. 1 bound vol. Sprague, Frank J. 1 pam. 
McGill Univ. Stafford, England-Water-Works. pam. 
Manchester, England-Water-Works. Tokyo Imperial Univ. 

pam., Toledo, St. Louis Western Co. 
Steam Users Assoc. pam. pam. 

Car Builders’ Assoc. bound Torquay, England-Water-Works. pam. 


Mead, Charles bound vol. vol. 

Univ. of. pam. 

Mississippi-Geol. Surv. pam Obras Publicas. bound vol. 


vol. 

National Board Fire Underwriters. Mines. pam 
S.-Bureau Statistics. pam. 
Service. pam. 
Canal Comm. vol., 
maps. 

S.-National Museum. pam. 


pam. 

Elec. Light Assoc. bound 
vol. 

National Irrig. Congress. vol. 

New Jersey-State Board Health. 
bound vol. 

New London, Conn.-Board Water and 
Sewer Commrs. pam Dept. pam. 

New South Wales-Bureau Statistics. S.-Office Exper. Stations. pam. 

pam. S.-War Dept. pam. 
New York City Record. bound vol. Wallasey, England-Water-Works. pam. 
Newcastle England, Water Washington, Univ. of. vol. 


Co. Watson, Wilbur pam. 
North, vol. Western Australia-Goldfield Water Sup- 
Ontario, Canada-Bureau Mines. vol. ply. pam. 


Oxford, England-Water-Works. pam. Woodworth, pam. 
Pennsylvania-Health Comm. bound Worcester Polytechnic Inst. vol. 
vol. Wyoming-State Engr. pam. 


PURCHASE 


The Mineral Industry. Its Statistics, Technology and Trade During 
1909. Edited Walter Renton Ingalls. Vol. McGraw-Hill Book 
Company, New York, 1910. 


Mitteilungen uber Forschungsarbeiten auf dem Gebiete des In- 
genieurwesens, insbesondere aus den 
Hochschulen, herausgegeben vom Verein deutscher Ingenieure. Hefte 
und 94. Julius Springer, Berlin, 1910. 


The Improvement Fort Wayne, Indiana. Report Charles Mul- 
ford Robinson, 1910. Fort Wayne Printing, Fort Wayne, Ind. 


Principles Metallurgy. Introduction the Metallurgy the 
Metals. Charles Herman Fulton. McGraw-Hill Book Company, 
New York, 1910. 
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MEMBERSHIP 


ADDITIONS 


(From November 9th December 13th, 1910) 


MEMBERS 


ARMSTRONG, ALEXANDER Chf., Bureau Jun. 


Research, State Dept. Highways. Assoc. 


Barr, JOSEPH Contr. Engr. (J. Assoc. 
BLICKLE, HERMAN RENNER. 510 House Bldg., Pittsburg, 


STEPHEN Chf. Engr., The 


Tide Water Bldg. Co. and Thomas Assoc. 


Bryson, 641 Fourth Ave., 


WILLIAM Henry. Asst. Prof. Civ. Eng., Coll. 


Eng., Northwestern Univ., Box 174, Evanston, 
Curtis, Loren Hydr. and Civ. Engr., Assoc. 


710 Kittredge Bldg., Denver, Colo...... 
Chf. Engr. and Secy., Snow 

Steam Pump Works, Buffalo, Y................ 
FREDERICKSON, JOHN HENRY. 310 First National Bank 

Fry, ALFRED Chf. Engr., Treasury Service, 

and Member Board Cons. Engrs. for Impvt. 

New York State Canals, 727 Custom House 

HARTMAN, RUSSELL Care, Des 


Moines Bridge Works, Des Assoc. 


HOLTZMAN, STEPHEN East 24th St., 
New York City (Res., Hastings-on-Hud- 
son, Y.) 


JERVEY, JAMES PosTELL. Maj., Corps Engrs., A.; 


Res. Engr., Gatun Locks, Gatun, Canal Zone, Panama. 


Central Station, New York City 


STRAHAN, CHARLES Morton. Prof., Civ. Eng., Assoc. 


Univ. Georgia, Athens, Ga.......... 
WASHBURN, Aberdeen, Dak 
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Oct. 1902 
1905 
Dee 1910 
Jan 1899 
Nov. 1910 
Nov. 1910 
Oct 1904 
1910 
Nov. 1910 
July 10, 1907 
1910 
Oct. 1910 
Nov 1910 
Dee 1910 
May 1909 
1910 
Mar. 1906 
Nov. 1910 
Nov 1910 
Oct 1896 
Nov 1910 
Dee 1903 
1910 
1898 
Nov 1910 
1910 
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ASSOCIATE MEMBERS 
Care, MacArthur Bros. Co., 


Jun. 


Pine St., New York City 

ALLEN, CHESTER Concrete Engr., 
Lockwood, Greene Co., Federal St., Jun. 
Boston, Mass 


ALLEN, RAYMOND CLEAVELAND. Lock Box Manchester, 


AVERILL, JAMES LELAND. Chf. Engr. for Hamilton Cham- 
bers, 206 West 106th St., New York City 

FRANK WILLIAM, JR. 134 Elm St., North Cam- 
bridge, Mass 

ROBERT Epwarp. Asst. Engr. De- 
signer, New York Board Water Sup- 


ply, 127 Franklin St., New York City.. 


Asst. Engr., Rapid Transit 
Subway Constr. Co., 165 Broadway, New 


York City 


Burt, Asst. Engr., Bronx Valley Sewer 
Comm., Borneman White Plains, 
County Surv., Court House, San Diego, 


CHARLES 267 State St., Rochester, 


Britain Ave., Benton Harbor, Mich 
CHASSAING, CHARLES WILLIS. Care, Selden-Breck Constr. 
Co., Fullerton Bldg., St. Louis, 
STEWART GARFIELD. Engr., MacLeod Smith, 705 
Sellwood Bldg., Duluth, Minn 
WARREN. 805 McDonald Ave., Santa Rosa, Cal... 
ARTHUR Care, Kansas City 
Terminal Ry. Co., 23d and Grand Ave., Jun. 


CHAPPELL, CLAUDE Epwarp. City Engr., 247 Jun. 


Kansas City, Assoc. 


Leland Stanford, Jr., Univ., Box Jun. 


65, Palo Alto, Cal 
GARRIGUES, Henry Haypock. Supervisor No. 
Allegheny Div., R., Kittanning, 


Foss, Instr., Civ. Eng. Dept., 


Gray, Harry Woy. Asst. Prof. Experimental Civ. Eng., 
Iowa State Coll., Ames, Iowa 

HANAVAN, Lawrence. Asst. Engr., 
Board Water Supply New York 

WILLIAM 252 West 65th St., Chicago, 


Hays, Box 1586, Victoria, C., 


Assoe. 


[Society 


Date 
Membership. 
Sept. 1905 


Dec. 
Oct. 


Oct. 
June 30, 


Nov. 


Dec. 
Dec. 


Nov. 


1910 


1906 
1910 


1910 


1910 


1910 


1905 
1910 


1906 
1910 


1910 


1910 
1910 
1908 
1910 


1910 


1910 
1910 


1904 
1910 


1903 
1910 


1905 
1910 


1910 


1904 
1910 


1910 


1910 


Dec. 
Dec. 
Jan. 31, 
Oct. 
Nov. 
Sept. 
Sept. 
Sept. 
Nov. 
Nov.. 
Sept. 
Oct. 


ASSOCIATE MEMBERS (Continued) 


JOSEPH Asst. Supt., Ore. Short 
Line Co., Box 198, Pocatello, Idaho.......... 
MARTIN, RICHARD HERBERT. Prin. Asst. Engr., Florida East 
Coast Ry., Box 143, St. Augustine, Fla........ 
MITCHELL, 212 Barclay St., Flushing, 
City Engr., 1015 Douglas 
Ave., Las Vegas, 
NEELY, Engr., McClintic-Marshall Constr. 
Co., Box 238, Rowlesburg, 
JoHN Div. Engr., 
Bureau Filtration, Dept. Jun. 
Works (Res., 5307 Butler St.), Assoc. 


THomas. Asst. Engr., Boston Elev. Ry. 
Co., 1822 Beacon St., Brookline, Mass............. 


SPELMAN, JOHN Cons. Engr., 125 East 23d St., 
STABLER, HERMAN. Care, Geological Survey, Wash- 


TOMPKINS, CHARLES (I. Fisher, Engrs. and 
Contrs.), 149 Rhode Island Ave., W., Wash- 


Townsend Sts., San Francisco, Cal 


ASSOCIATE 


CHRISTIAN, CHARLES MERIWETHER. News Press Bldg., 


JUNIORS 


Backus, Murray JAMES. Asst. Engr., Guanica Centrale, 


BEEBE, JOHN CLEAVELAND. Montana National Bank 
DAVENPORT, Prineville, Ore............ 


Box 65, Swink, Colo........... 
Garvey, Asst. Engr., Stone Webster, 
HENDERSON, JoHN Acting Mgr., Big Lost River 
315 Brown Iowa City, 


334 Schermerhorn St., Brooklyn, Y.... 


Date 
Membership. 
Nov. 1910 
Oct. 1910 
May 31, 1910 
1910 
Dec 1910 
April 1907 
Dec. 1910 
June 30, 1910 
Dec 1910 
Nov. 1910 
Dec. 1910 
Nov. 1910 

1910 
1910 
1910 
Oct. 1910 
Nov. 1910 
Nov. 1910 
Nov. 1910 
1910 
1910 
1910 


tin 
ig 
| 


548 


MEMBERSHIP—ADDITIONS—DEATHS [Society 
JUNIORS (Continued) 
SEARIGHT, GEORGE South Bleeker St., Mount 
WILLIAM Asst. Engr., Ore. Short Line 
TORRALBAS, RAFAEL JOAQUIN. With Cuban Eng. Contr. 
Co., 640 del Monte, Havana, Nov. 1910 
WETHERELL, 115 North Garrison Ave., 
DEATHS 
CHANUTE, (Past-President). Elected Member, February 19th, 1868; 
Fellow, July 1872; died November 23d, 1910. 
MACFARLANE, ARTHUR Elected Junior, October 5th, 1909; died 
November 1910. 
Elected Junior, June Ist, 1909; died 10th, 
1910. 
WILKINS, GEORGE SHREVE. Elected Junior, October 4th, 1892; Associate 
Member, October 5th, 1898; died August 7th, 1910. 
Total Membership the Society, December 13th, 1910, 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST 


(November 8th December 12th, 1910) 


This list published for the purpose placing before the 


members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
each journal this list: 


Milk St., Boston, Mass., 30c. 
Proceedings, Engrs. Club Phila., 
1317 Spruce Philadelphia, 


Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. 
Monadnock Chicago, 
Transactions, Can. Soc. E., 

Montreal, Que., Canada. 
School Mines Quarterly, Co- 
Univ., New York City, 
Stevens Institute 
Inst., Hoboken, J., 
Engineering Magazine, York 
City, 25c. 
Magazine, New York City, 

Engineering (London), 
Wiley, New York City, 25c. 
The Engineer 
national News Co., New York 

City, 35c. 

News, New York City, 

The Engineering Record, New York 
City, 12c. 

Railway Age Gazette, New York 
City, 15c. 

Engineering and Journal, 
New York City, 15c. 

Journal, 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 


New 


Supplement, 


American Engineer, New York 
City, 20c. 

Electrical Review, London, Eng- 
land 


Electrical World, New York City, 
Cc. 


(28) 
(29) 
(30) 


(32) 
(33) 
(34) 
(35) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 


(54) 
(55) 
(56) 


Journal, New England Water- 
Works Assoc. Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 

Brussels, Belgium. 

Mémoires Compte Rendu des 
Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 


Fer des Tramways, Paris, 
France. 
Machinery, Chicago, IIl., 
Proceedings, Am. Inst. Elec. 
New York City, 50c. 
Annales des Pontes Chaussées, 


Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 
Scientific New York 

City, 8c. 

Mechanical Engineer, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 

Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Deutsche Bauzeitung, Berlin, Ger- 


American, 


Manchester, 


many. 

Rigasche Riga, 
Russia. 

Zeitschrift, In- 
genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 

Transactions, Am. Soc. E., New 
York City, $10. 

Transactions, Am. 


New York City, 
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(57) Guardian, London, Eng- 

(58) Proceedings, Engrs.’ Soc. Pa., 
803 Fulton 
Pa., 

(59) Transactions, Mining Inst. Scot- 
land, London and 
upon-Tyne, England. 

(60) Municipal 
apolis, Ind., 25c. 

(61) Proceedings, Western Railway 
Club, 225 Dearborn St., Chicago, 

(62) Industrial World, Ninth 
Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, 
Chicago, 25c. 

(68) Mining Journal, London, England. 

(70) Engineering Review, New York 
City, 10c. 

(71) Journal, Iron and Steel Inst., Lon- 
don, England. 

(71a) Carnegie Scholarship Memoirs, 
Iron and Steel London, 

(73) Electrician, London, England, 18c. 
(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, 

(76) Brick, Chicago, 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 

(78) Beton und Eisen, Vienna, Austria. 

(79) Forscherarbeiten, Vienna, Austria. 

(80) Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 


many. 
(83) Age, New York City, 
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(84) Ciment, Paris, France. 

(85) Proceedings, Am. Ry. Eng. and 

(86) Chicago, 

(87) and Foreman, Chicago, 

(88) Bulletin the International Ry. 
Congress Brussels, Bel- 
gium. 

(89) Proceedings, Am. Soc. for Testing 
Materials, Philadelphia, Pa. 

(90) Transactions, Inst. Naval 
Archts., London, England. 

(91) Transactions, Soc. Naval Archts. 
and Marine Engrs., New York 
City. 

(92) Bulletin, Soc. 
pour Nationale, Paris, 
France. 

France, fr. 50. 

(94) Maker, New York City, 

(95) International Marine Engineering, 
New York City, 20c. 

(96) Canadian Engineer, Toronto, Ont., 
Canada, 15c. 

(97) Turbine, Berlin, Germany, Mark. 

(98) Journal, Engrs’. Soc. 219 
Market St., Harrisburg, Pa., 30c. 

(99) Proceedings, Am. Soc. Municipal 
Improvements, New York City, 
$1.50. 

(100) Professional Memoirs, Corps 

(101) Worker, New York City, 


(102) Organ fiir die Fortschritte des 
Wiesbaden, 
Germany. 

(103) Mining and Scientific Press, San 
Francisco, Cal., 10c. 

(104) The Surveyor and Municipal and 
Engineer, London, Eng., 


(105) and Chemical En- 
gineering, New York City, 25c. 


Bridges. 


LIST ARTICLES. 
The Highest Bridges the World. (13) 


Nov. 10. 


Converting Steel Trestle into Reinforced Concrete Trestle. (13) Nov. 10. 


The Removal the Debris the Old Quebec Bridge.* 


Can. Soc. (13) Nov. 10. 
The Walpole Bridge.* (14) Nov. 12. 
The Beaver Bridge Piers.* (14) Nov. 


19. 


Tests Nickel-Steel Models Compression Members the Official Design the 
New Quebec Bridge.* (14) Nov. 19. 


Construction the Kinzie St. Drawbridge (Chicago) and its Deep Foundations: 


Chicago Northwestern Ry.* 
Nov. 


Finley, Am. Soc. (13) 


The Meadow St. Reinforced-Concrete Arch Bridge, Pittsburg, Pa.* Sprague, 


Am. Soc. (13) Dec. 


Construction and Reconstruction the Coteau Bridge.* (14) 
The St. Louis Municipal Bridge Superstructure.* (14) Dec. 

Viaduc sur Sitter, Kubel, prés Saint-Gall (Suisse).* (33) 
bei Horst-Emscher.* 


Dec. 


Nov. 26. 
Farber. (51) Serial beginning Sup. 


Uber den Bau der Donaubriicke fiir das Zweite Gleis der Nordwestbahn Wien.* 


Josef Walter. (53) Serial beginning Nov. 


Die Kaiserbriicke tiber die Oder Breslau.* (51) Nov. 12. 
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Electrical. 


Interconnected Massachusetts Generating Plants; System and Operating Features 
the Greenfield Electric Light Power Company.* (27) Nov. 

Electric Power Supply the Northeast Coast.* (22) Serial beginning Nov. 

Magnetic Alloys Formed from Non-Magnetic Materials. Alexander Ross. 
(Paper read before the Inst. Metals.) Nov. 

Gas and Water Mains from Destruction Electric Currents.* (66) 

ov. 

Power-Factor and Rotary Condensers.* Thurston. (27) Nov. 10. 

Electrostatic Limits High-Tension Transmission-Line Insulators.* (27) Nov. 10. 

Reconstruction Work Salt Lake City; Improvements and Additions the Sys- 
the Utah Light Railway Company, Salt Lake City.* (27) 


ov. 10. 
The Energy Relations Certain Detectors used Wireless Telegraphy.* 
Eccles. (Abstract paper read before the Physical Soc.) (26) Nov. 11. 


Some Observations the Action the Condenser Ruhmkorff Induction Coil.* 

Cable the Arctic. George Walsh. (19) Nov. 12. 

Effects the Form Electromotive Force Waves upon the Life and Efficiency 
Incandescent Lamps.* (27) Nov. 17. 

Data Electrical Resistance Furnace.* Albert Somerville. (27) Nov. 17. 

Hydro-Electric Commission, Test Insulators. (96) Nov. 17. 

Remarkable Vector Diagram.* Tinsley. (73) Nov. 18. 

New Reading Central Station.* (14) Nov. 19. 

Rational Basis Possible for Telephone Rates? Dugald Jackson. (Paper 
read before the National Municipal League.) (96) Nov. 24. 

Street-Lighting Costs.* Toone. (26) Nov. 25. 

for Rubber-Covered Wires and Cables. Boggs. (27) 

The Blectrical Conductivity Commercial Copper. Wolff and Dell- 
inger. (Abstract from Bul. Bureau Standards.) (42) Dec. 

The Municipal Lighting Plant Bellefontaine, Ohio.* (60) Dec. 

Some Alloys for Permanent Magnets. Burgess and James Aston. (105) 


Dec. 
Mechanical Forces Magnetic Fields. Charles Steinmetz. (42) Dec. 
The New Era Electrical Rollin Hutchinson, Jr. (9) Dec. 
Problems the Operation Transformers.* Green. (42) Dec. 
Estimated Cost Industrial Electric Plant. (27) Dec. 
Some Notes Ground Connections.* Edgar Holmes. (27) Dec. 
Surges Pipe Lines.* Baum. (27) Dec. 
Creosote Treatment for Poles. George Ogier. (Paper read before the Colo. 
Elec. Light, Power and Ry. Assoc.) (96) Dec. 


Marine. 


The Propulsion Ships. John Batey. (10) Nov 

The North Sea Fisheries and Fishing Exhibition. Serial beginning Nov. 

The French Liner France.* (95) Dec. 

Metallic Life-Boats.* (95) Dec. 

Launch the Olympic.* (95) Dec. 

New Southern Pacific Freight Steamships.* (95) Dec. 

The Economical Working Reciprocating Marine Engines and their Auxiliaries.* 
Morison. (Abstract paper read before the North-East Coast Inst. 
Engrs. and Shipbuilders.) (47) Dec. (11) Serial beginning Dec. 

Les Ecluses Kruisschans. Van (31) Vol. Pt. 


Mechanical. 


Expansion Pipes.* Ralph Taggart, Assoc. Am. Soc. (54) Vol. 70. 

The Semet-Solvay By-Product Coke Oven.* Davis. (98) Oct. 

Baltimore Retort Fire Brick Co.* Phillips. (76) Nov. 

Boiler Tube Soot Cleaners.* Warren Rogers. (64) 

The Borsig Locomotive Shops.* (From American Machinist.) (94) Nov. 

Central Station Newcastle, Indiana.* Osborn Monnett. (64) Nov. 

Cost Trenching with Power Operated Scraper Excavator.* (87) Nov. 

English Navies and American Steam Shovels.* Dickinson. (10) Nov. 

Low Pressure Steam Turbines.* McKee. (58) Nov. 

Machine Tools the Brussels Exposition.* Newman. (10) 

Manganese Steel. Johnson, Utah Soc. Engrs. (Paper read before the 
Utah Soc. Engrs.) (1) Nov. 

Manufacture and Use Slag Cement and Other Substitutes for Portland Cement. 
D’Rohan. (67) Nov. 

Fuel Requirements the Rotary Kiln. Nov. 

Oxy-Acetylene Welding.* Springer. (94) Nov. 

The Steam Turbine Germany.* Junge and Heinrich. (64) Nov. 

Success System Brickmaking.* (76) Nov. 
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Mechanical- (Continued). 


Large Gas Engines and their Troubles.* Frank Foster. (Paper read before the 
Manchester Exhibition.) (47) Nov. 

The Winding and Rolling Mill Engines.* (From paper read 
before the Diisseldorf Congress.) Hoffman. (22) Nov. 

The Manufacture Portland Cement. Davis, Assoc. Inst. (Abstract 
paper read before the Concrete Inst.) (104) Nov. 

The Olympia Motor Exhibition.* (11) Serial beginning Nov. 11; (12) Serial 
beginning Nov. 

Comparison Lubricating Greases.* Horace Gillett. (64) Nov. 

The Phenomena Explosions Gas and Other Internal Combustion Engines.* 
Dugald Clerk. (Paper read the Manchester University.) (66) Nov. 

Wooden-Apron Conveyor Carrying Miscellaneous Freight from Wharf Ware- 
house.* (13) Nov. 10. 

Strainer for Condenser Circulating Water Deptford.* (11) Nov. 11. 

Torque and Balancing Internal-Combustion Engines.* Kersey. (Paper 
read Manchester, Oct. 31st, 1910.) (47) Nov. 11. 

Pneumatic Calking Mains with Lead Wool. Colin Simpson, Jr. (Abstract 
paper read before the Amer. Gas Inst.) (14) Nov. 12; (86) Dec. 
Ammonia Recovery, with Special Reference the Apparatus Employed Therein.* 
Johns. (Paper read before the Midland Junior Gas Engr. Assoc.) 

(66) Nov. 15. 

Experiments with Tile Roof Furnaces.* Bement. (64) Nov. 15. 

The Problem Smoke Abatement. Randall. (64) Nov. 15. 

Recent Progress in, and the Present Status of, Gas Lighting.* Goodenough. 
(Abstract paper read before the Illuminating Eng. Soc.) (66) Nov. 15. 

Under-Feed Automatic Stokers.* Springer. (64) Nov. 15. 

Unusual Applications Cutting and Welding Torches.* (41) Nov. 15. 

Gas Producer Design and Operation.* Von Zeipel. (20) Nov. 17. 

Smoke Prevention.* Nicholls. (20) Nov. 17. 

New Power Generating and Distributing System Reading, Pa.* (17) Nov. 19; 
(27) Nov. 17; (64) Nov. 22. 

The Brittleness Steel its Relation Boilers.* Stromeyer. (Abstract 
from report the Manchester Steam Users’ Assoc.) (22) Nov. 18. 

Electric Equipment King Edward Building.* (73) Nov. 18. 

Humphrey Pumps and Compressors.* Humphrey, Inst. 
(Paper read before the Manchester Assoc. Engrs.) (11) Nov. 18; (12) 
Nov. 18; (47) Nov. 18. 

New Power Scheme for the General Post-Office.* (12) Serial beginning Nov. 
18; (73) Serial beginning Nov. 18; (26) Serial beginning Nov. 18. 

The Rock-Crushing Plant.* Paul Van Zandt. (14) Nov. 19; 
(96) ec. 

The Largest Valves the World.* (64) Nov. 22. 

Motor Trucks and Delivery Wagons.* Perry. (20) Nov. 24. 

Norwegian Electric Furnaces.* (20) Nov. 24. 

Heat Accumulators for Utilising Exhaust Steam.* Stach. (Paper read before 
Diisseldorf Congress.) (22) 25. 

Nov. 25. 

Aerial Ropeway Steetley Quarries.* (11) Nov. 25. 

The Air-Compressors.* (57) Nov. 25. 

Modern Rotary Steam Engines.* Warren Rogers. (19) Nov. 26. 

Waste Heat Utilization Water Gas Apparatus. Hawley Taussig. (Paper 
read before the Amer. Gas Inst.) (24) Nov. 28; (83) Dec. 

Charging Refrigerating System. Matthews. (64) Nov. 29. 

The Economy Smoke Prevention.* Switzer. (9) Dec. 

The Generation Power. Jacobus. (3) Dec. 

Oven Tile-Laying Machine.* (45) Dec. 

Retort Coke Ovens Mexico.* Wilson. (45) Dec. 

Test Babcock Wilcox Marine Boiler. (95) Dec. 

Testing Steam Turbines and Steam Turbo-Generators. Dickinson and 
Robinson. (42) Dec. 

The Gyroscope and its Useful Possibilities.* Elmer Sperry. (20) Serial be- 
ginning Dec. 

Relations Between Pressure and Light Output With Various Gas Lamps and 
Burners. Norman Macbeth. (Paper read before the Illuminating Eng. Soc.) 
(83) 

Station the Empire District Electric Company.* Bump. (27) Dec. 

Water Power and Combination Steam Plants Jonesville, Wis.* (27) Dec. 

Steam-Boiler Design. Charles Erith, Mech. (11) 

The Sheppee Convertible Steam Motor-Vehicle.* (11) Dec. 

Involute Cut Gearing.* Rowley, (Paper read before the Man- 
chester Assoc. Engrs.) (47) Serial beginning Dec. 

The New Crescent Portland Cement Mill.* (14) Dec. 
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Mechanical— (Continued). 


The Wetterhorn Lift Grindelwald, Switzerland.* Corthell. (14) Dec. 

Laying Large Submerged Gas Mains New York.* Colin Simpson. (Abstract 
paper read before the Amer. Gas Inst.) (14) Dec. 

The Extraction Cyanogen from Coal Gas the Astoria Works.* Mueller. 
(Paper read before the Amer. Gas Inst.) (24) Dec. 

Soot Blowers and Soot Suckers.* Warren Rogers. (64) Dec. 

Comparison the Cost Operating Different Classes Buildings with Central 
Station and Isolated Plant Service. Ripley. (Abstract paper read 
before the Blue Room Eng. Soc. Greater New York.) (86) Dec. 

Swedish Generating Station, the Extension the Municipal Steam Electric Power 
Station Stockholm.* Andreason. (27) Dec. 

Iron Ore and Flue Dust Briquetting.* (20) Dec. 

Rock-Transporting Cableway for the Harbor Works Rangoon, Burmah.* (13) 


Dec. 
Velocity Ratios Epicyclic Gear Trains.* Lewis Jenkins. (13) 
ec. 
The Briquetting Coal Dust.* Bates. (19) Dec. 10. 
English Automobile Turbine Fire Pump.* Frank Perkins. (46) Dec. 10. 
Process for Saving Wastes Smeltery Gases. George Westby. (16) Dec. 


10. 
Determination the Calorific Value and Operating Conditions from Analysis 
Industrial Gases.* Morehead. (Paper read before the Amer. Gas Inst.) 


(24) 12. 
Construction des Automobiles.* Van Engelen. (31) Vol. Pt. 


Note sur Pont Levant Hydraulique Wattrelos.* Wibrattre. Sept. 

IIe Exposition Locomotion Espitallier. (33) Oct. 29. 

Considérations sur les Phénoménes Physiques Existant dans les Pompes Centri- 
fuges.* Bergeron. (37) Oct. 31. 

Systéme Schneider, pour Transport des Pierres Taille.* 
(33) 

Uber den Wasserschlag.* Rudolf Escher. (97) Oct. 

Ueber neuere Lauftrommeln fiir Dampfturbinen.* Gentsch. (97) Oct. 20. 

Die Turbinen der Wasserkraftanlage Grand Falls, Neufundland, erbaut von 
Amme, Giesecke Konegen, A.-G. Braunschweig.* Gelpke. (48) Oct. 29. 

Die Dampfturbine von Curtis, ihre Vorliufer und Nachfolger.* (97) 
Nov. 

Die Gleichstrom-Dampfmaschine.* Stumpf. (48) Serial beginning Nov. 

Seilschwebebahnen fiir Personenbeférderung.* Buhle. (51) Serial beginning 
Nov. 

Neue Giesserei-Anlage der Hartung Akt.-Ges. Berlin-Lichtenberg.* Th. Ehr- 
hardt. (50) Nov. 

Elektromagnetische Eisenseparatoren Giessereibetriebe.* Erich Oppen. (50) 
Nov. 

Ueber die Herstellung von und breitflanschigen mit neigungslosen 
(50) Nov. 16. 

Versuche mit (48) Serial beginning Nov. 19. 

ihre Konstruktion und ihre Aufgaben.* (97) Nov. 20. 

Wann wird ein Regulator schwankungslos Arbeiten?* Albert Hoeppener. (97) 
Serial beginning Nov. 

Die Fabrikation der (50) Serial beginning Nov. 23. 

Kalk- und Zementherstellung (80) Nov. 26. 


Metallurgical. 


Iron and Steel Analysis; Important Error Sulphur Tests. George Auchy. 
20) Nov. 

Are the Blast Furnace Known? Alex. (62) Nov. 

Shrinkage Alloys during Solidification.* Donald Ewen and Turner. (Paper 
read before the Inst. Metals.) (11) 11. 

Electrolytic Determination Lead Ores. Benner and Ross. (103) 


ov. 12. 
The Outlook for Hydrometallurgy Copper. William Greenawalt. (16) Nov. 


12. 

The New Blast Furnace the Detroit Iron and Steel Company.* (20) Nov. 17. 

The Greenawalt Electrolytic Process.* William Greenawalt. (16) Nov. 26. 

Some Calculations Pertaining the Reactions Occurring Blast Furnace. 
Brown. (105) Dec. 

Notes the Chemistry and Metallurgy Warren Bleecker. (105) 
Serial beginning Dec. 

Australian Electrolytic Copper Refinery.® Casey, Jr. (16) Dec. 

First Norwegian Electric Steel Works.* Alfred Gradenwitz. (19) Dec. 10. 

Mémoire, Congrés International Métallurgie Diisseldorf.* Arnou. (93) 
Nov. 


*Illustrated. 
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Fortschritte auf dem Gebiete der Hochofenbegichtung.* Aumund. Serial 
beginning Nov. 

Untersuchungen die Stof- und des Hochofens. Gillhausen. 
(50) Nov. 16. 


Military. 


Guns for Attacking Airships.* (19) Nov. 12. 

The Gabet Torpedo. Controlling Wireless Energy. Lucien 
Fournier. (19) Nov. 26. 

Silencer for Military Rifles. Farley. (19) Dec. 


Mining. 


Federal Investigations Mine Accidents, Structural Materials, and 
Herbert Wilson, Am. Soc. (54) Vol. 70. 

The Caledonia Cut-Off Gear for Winding Engines.* (57) Nov. 

Coal Washing Picking.* (22) Nov. 

Methods Dealing with Fires, Explosions and Falls Mines.* Alfred Tonge. 
(Paper read before the Manchester Geol. and Min. Soc.) (22) Nov. 11. 

Concrete Shaft Tower, Minnesota.* Chamberlain. (14) Nov. 12. 

Dry-Placer Machines. Glenn Peterson. (103) Nov. 12. 

Some the Characteristics Chilean Mills.* Herbert Megrau. (16) Nov. 12. 

Electric Hoisting Mining Operations.* Walker. (16) Nov. 19. 

American Longwall Mining Methods.* Henry Payne. (16) Nov. 19. 

Detecting Fire-Damp Mines. Sir Henry Cunynghame. (29) 

Revolution Mining Methods. Wolcott. (103) Nov. 26. 

The Use Coal Cutting Machinery.* Rowland. (16) Nov. 26. 

Chemistry Coal-Dust Explosions.* (45) Dec. 

The Taylor Concrete Breaker.* Dec. 

Hydrometallurgy Cobalt Ores.* (45) Dec. 

Tin Sluicing Tasmania.* Edward Edwards. (Abstract from Bulletin 
Australasian Inst. Min. Engrs.) (45) Dec. 

The Buddle Concentrator Copper Slimes.* Claude Rice. (16) Dec. 

Large Concrete Coal Breaker and Washery Building.* (14) Dec. 

Extension Colliery Working Hachita. (16) Dec. 10. 

Der Ersatz des Handarbeiters durch die Maschine Bergbau.* Kammerer. (48) 
Serial beginning Nov. 

Zur neuen Schiessinstruktion der Steinbruchs-Berufsgenossenschaft. (80) Serial 
beginning Nov. 12. 


Miscellaneous. 


Address the 42d Annual Convention, Chicago, June 1910. John 
Bensel, President, Am. Soc. (54) Vol. 70. 

Forestry and Columbia. Curtis. (6) July. 

Utilising the Energy Solar Radiation, the Wind and Other Intermittent Natural 
Sources. Fessenden. (Paper read before the Brit. Assoc.) (47) Nov. 

Producers’ Oil Pipe Lines, California. Parsons. (14) Nov. 12. 

The Conservation Movement. Hayes. (103) Nov. 19. 

Wisconsin Rulings the Reasonableness Rates. (14) Nov. 19. 

Elements Constructive Franchise Policy. Delos Wilcox. (Abstract 
paper read before the Nat. Municipal League.) (13) Dec. 

Graphical Solution Problems Involving Plane-Surface Lighting Sources.* 
McAllister. (27) Dec. 


Manicipal. 


Tarred Roads and the Eyes. (104) Nov. 

Tests Surfacing Materials the Ohio State Highway Department. 
(13) ov. 

Toronto’s Experiments With Crude Oil. Chas. Sheard. (96) Nov. 10. 

Arrangement Mixer with Chutes for Concreting Street Railway Tracks.* (86) 
Nov. 16. 

Comparative Costs Macadam, Rocmac and Tarviated Roads. 
free. (Abstract paper read before the Inst. Mun. and County Engrs.) 
(86) Nov. 16. 

The Location Light Railways Roads. Galliot. (Abstract paper read 
before the Inter. Road Cong.) (14) Nov. 19. 

Free Carbon Tar. Joseph Race. (104) Nov. 25. 

Surface Treatment for Dust Laying. (104) Nov. 25. 

Top Soil Roads Clarke County, Georgia. Strahan.* (60) Dec. 

Experimental Bituminous-Macadam Pavements the White Plains Road, Bronx 
Borough, New York City. (86) Dec. 
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(Continued). 


Methods Constructing Tar Macadam Prahran, Australia. Calder. 
stract paper read before the Melbourne Univ. Eng. Soc.) (86) Dec. 
Two Years’ Experience Dust Suppression New Jersey Roads. James Owen. 

(Abstract paper read before the State San. Assce. J.) (14) 10. 
City Design and Transportation. (14) Dec. 19. 


Railroads. 


Final Report Snecial Committee Rail Secticns. (54) Vol. 70. 

Locomotive Performance Grades Various Lengths.* Beverly Randolph, 
Am. Soc. (54) Vol. 70. 

The River Tunnels the Hudson and Manhattan Co. Charles 
Mattathias Jaccbs, Inst. (63) Vol. 81. 

Locomctive Coaling Stage.* (21) Nov. 

Power Reversing Gear; Belgian State Rys.* (21) Nov. 

Electrificaticn Steam Railways America.* (21) Nov. 

Protection Metal Equipment. William Marshall. (65) Nov. 

Standard Saxony State Railways.* (21) Nov. 

with Water-Tube Fire-Box, Chemin Fer Nord.* (12) Nov. 

Driving Spirel Tunnels the Canadian Pacific Ry.* (13) Nov. 10. 

Laying and Repairing Cast-Iron Pipe Culverts Railway Embankments. (Report 
the Amer. Ry. Bridge and Bldg. Assoc.) (13) Nov. 

Car Maintenance Practice Waltham, Mass.* (17) Nov. 12. 

New Electric Percy Collins. (46) Nov. 12. 

The First Trackless Trolley America.* (46) Nov. 12. 

Forest Fires Railways.* Campbell. (96) Nov. 17. 

Gravity Freight Classification Yard for the Pennsylvania Northumberland, 
Pa.* MacCart. (13) Nov. 17. 

The Idaho Northern.* (15) Nov. 18; (18) Nov. 26. 

Test Jacobs-Shupert Firebox.* (15) Nev. 18. 

Tests For Color Vision New South Wales.* Taylor. (15) Nov. 18. 

Boston Electrification Problem.* (17) Nov. 19. 

Shops the National Transcontinental Railway near Winnipeg, Man.* (18) 
Nov. 19. 

Automatic Block Signals the Illinois Traction System.* (17) Nov. 26. 

Mallet Compound Locomotives for the Frisco System.* (18) Nov. 26. 

Railway Electrification Great Britain. (18) Nov. 26. 

New Electric Locomotives for the Baltimore Ohio Railroad.* (17) Nov. 26. 

Excellent Lecomotive Terminal.* (25) Dec. 

Water Tube Fire Boxes for Locomotives.* (25) Dec. 

The Lentz Poppet Valve Gear.* (25) Dec. 

High Speeds and Their Relation Modern Practice Railway Alignment.* Charles 
Draper. (10) 

The Electrification the Detroit River James Cooke Mills. (10) Dec. 

The Air-Brake Related Progress Locomotion. Walter Turner. (3) 
Dec. 

Descubes System Signalling, Chemins Fer France.* (21) Dec. 

Economy Continuous Brakes Trains Feeder Railways Steep: 
Gradients. (Abstract paper read before the Soc. Ry. 
ment.) (21) 

Coming Locomotives.* (21) 

for the Chesapeake Ohio Railway.* (25) Dec. 


Heavy Power for the Hocking Valley Ry.* (25) 
The Clark Quick-Dumping Steel Ore Car.* James Martin. (13) Dee. 
The Economical Maintenance Tracks and Roadways.* Martin Schreiber. 
read before the Amer. Street and Interurban Ry. Eng. Assoc.) 


The Western Pacific Ry.* (13) 

Drop Pit for Engine House.* (15) 

Fricticn Freight Car Trucks Curves.* (15) 

Recording Movements Switch Points.* (15) Dec. 

Tests Rail Joints.* M’Leod Thompson. (15) Dec. 

Opening the Detroit River Tunnel the Michigan Central R.* (18) Dec. 

Some Points Relating Railway Shop Power Plants.* (18) Dee. 

Track Department Standards New York State Railways. (17) Dec. 

The Electric Traction for Steam the Boston Metropolitan District.* 
(13) ec 

The Plates American Railways.* (15) Dec. 

The Intercepting Valve and its Operation.* (18) 10. 

Tests the Edison-Beach Storage Battery Car, Erie R.* (18) 10. 

Recorder for Switch Points, Ry.* (18) Dec. 10. 

Ten-Wheeled Locomotive for the Central Railroad New Jersey.* (18) Dec. 10. 

Note sur l’Organisation Manutention Mécanique des Combustibles dans les 
Principaux Dépots Reseau d’Orléans.* (38) Nov. 
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Railroads— (Continued). 


Services Banlieue Great Western Railway Suppression des Manceuvres 
Passage des Locomotives Téte Queue Gare Paris-Nord.* 
Emile Bernheim. (38) Nov. 

fiir Baum. (102) Serial beginning 

Versuchsfahrten mit den neuen Lokomotivgattungen der italienischen Staatsbahnen. 

Boshart. (102) Nov. 

Die bleibenden den Schienenenden. Weikard. (102) Nov. 

Eine neue Betondurchlasskonstruktion.* Frank Perkins. (78) Nov. 15. 

Die D-Giiterzuglokomotive mit 200 qm. Heizflache (Gattung der preussisch- 
hessischen Staatseisenbahnen.* Hammer. (48) Nov. 26. 


Railroads, Street. 


The Cleaning Tramway Rails. Schérling. (Abstract report the Union 
Inter. Tramways Ch. Fer Locale.) (73) Nov. 

Electric Locomotive for Freight and Switching Service.* (15) Nov. 11. 

The Duntley-Rockford Motor Section Car.* (15) Nov. 11. 

Ogden Rapid Transit Company.* (17) Nov. 12. 

The Basis Valuation Case Municipal Purchase Street Railways. Sidney 
Ossoski. (17) Nov. 12. 

The Tri-Borough Rapid Transit Subway New City.* (86) Nov. 16. 

Feeder Calculations for the Chicago Street Railways.* (17) Nov. 19. 

Some Notes Methods and Costs Chemically Treating Cross Ties (Chicago 
Street Rys.).* (86) Nov. 23. 

Repair Shop Practice the Portland Railroad Company.* (17) Nov. 26. 

Double-Truck Storage Battery Car.* (17) Nov. 26. 

Excavation Methods, Fourth Avenue Subway, Brooklyn.* (14) Dec. 

Recent Developments Car Heating and Ventilation. Williams. (Abstract 
paper read before the Central Elec. Ry. Assoc.) (17) Dec. 

Valuation the Chicago Consolidated Traction Property. (17) Dec. 

Les Installations Electriques Chemin Fer Métropolitain Paris; Production 
Transmission Courant.* Quinat. (33) Serial beginning Nov. 


Sanitation. 


Expansion Pipes.* Ralph Taggart, Assoc. Am. Soc. (54) Vol. 70. 

Sewage-Disposal* Works. John Duncan Watson, Inst. (63) 
ol, 

Salisbury Drainage. William Eames Binnie, Inst. (63) Vol. 81. 

Sanitary Sewerage System and Sewage Disposal Plant, State Hospital for the 
Insane, Danville, Pa.* Charles Mebus. (98) Nov. 

Sewage its Theory and Present Day Practice. Earle Phelps. (98) 


Nov. 

Garbage Disposal Methods Adopted Some the Large European Cities. (96) 
Nov. 10. 

The Heating System the Boston Safe Deposit and Trust Company Building. (96) 
Nov. 10. 


Velocity-Reducing Drainage Outfall.* (14) Nov. 12. 

New Refuse Destructor Guildford, England. Mason. (Abstract paper 
read before the Inst, Mun. and County Engrs.) (14) Nov. 12. 

Mechanical Features the Blackstone.* 15. 

Proposed Sewage Tank Guildford, Eng.* (96) Nov. 17. 

The First Reduction Works Built American City Columbus, Ohio.* 
Osborn. (13) Nov. 17; (14) Nov. 19. 

Hot-Water Heating.* Frederick Dye. (Paper read before the Inst. Heating and 
Ventilating Engrs.) (101) Nov. 19. 

The Agricultural Use and Value Sewage. Voelcker. (Abstract paper 
read before the Assoc. Mgrs. Sewage Disposal Works.) (13) Nov. 24. 

Sewage Disposal for Federal Building.* (101) Nov. 26. 

Milwaukee Garbage Destructor.* 29. 

Mechanical Appliances for Health and Safety the Weaving Industry.* 
Crawford. (10) Dec. 

German Sanitary District and the Imhoff Sewage-Purification Tank.* Rudolph 
Hering, Am. Soc. (13) Dec. 

The Emschergenossenschaft and the Imhoff Tank.* Charles Saville. (13) Dee. 

The Jones Falls Covered Conduits and Boulevard, Baltimore.* (14) 

The Disposal Trade Wastes. George Johnson. (Abstract paper read 
before the San. Assoc.) (13) Dec. 

New Method Handling Sewage Sludge.* Karl Imhoff. (14) 10. 

The North Trunk Sewer Seattle.* (14) Dec. 10. 

Département Seine Bactérienne des Eaux d’Egout.* Mahieu. 
(43) Sept. 

Die der Stadt Neuhaldensleben.* Rudolf Hauptner. (78) Nov. 15. 
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Structural. 


Some Questicns Reinforced Concrete Design.* Edward Godfrey, Am. 
Soc. (54) Vol. 70. 

Tests Cresoted Timber.* Gregory, Am. Soc. (54) _Vol. 70. 

The Ultimate Load Pile Foundations: Static Theory.* John Griffith, 

Eccentrically- -Loaded Columns. Walter Elsworthy Lilly. (63) Vol. 81. 

The Physical Interpretaticn Hardness Measured the Shore Scleroscope. 

Richard Henry Greaves. (63) Vol. 81. 

Dixon’s Silica-Graphite Paint.* Otis Stuart. 

Forms for Concrete (Pittsburgh Filtration Works).* Stevenson. (58) Oct. 


Wall Practice, City Pittsburgh.* Chas. Reppert. (58) 
ct. 


Material Economics. Lynch. (58) Nov. 

Placing Concrete Through Metal Pipes.* (67) Nov. 

Stretford Gas Company and Their Works.* (66) Nov. 

Foundaticns fer Electrical Machinery.* Bruce Page. (27) 
ov. 

Efflorescence Brick Work. Greaves-Walker. (From Journal the Amer. 
Chem. Nov. 10; (86) Nov. 23. 

Brick, Concrete and Steel Gasholder Tanks.* Herbert Alrich. (Abstract 
read the Amer. Gas Inst.) (14) Nov. 12; (24) Nov.; (66) 


the Slip Rods Imbedded Concrete.* Burchartz. (14) 

Concrete vs. Wood Flooring for Machine Shops. James Heald. (41) Nov. 15. 

Some Unit Costs Constructing Brick and Concrete Building. (86) Nov. 16. 

New Measurement for Excavation and Concrete Work Chicago. (86) 

Foundations the Municipal Building, New York City.* (13) Nov. 17. 

Metal Wall Forms for Concrete Houses.* (14) Nov. 19. 

Tests Determine the Effects Frost Concrete and Methods Concrete Work 
Freezing Weather.* (86) Nov. 23. 

The and Treatment Alloy Steels for Automobiles. Henry Souther. (3) 
ec. 

Sheet Piling.* Ewing Matheson, Inst. (10) Dec. 

Reinforced Concrete Pile.* Edward Molinn. (96) Dec. 

Further Tests the Effect Electric Currents Upon Concrete and Steel.* 
James Nicholas. (13) Dec. 
Heat Changes Structural Materials.* James Howard. (Abstract from paper 
read before Nat. Assoc. Mutual Insurance Companies.) (20) Dec. 
Puzzolan-Portland Cement; Suggestion for Improved Hydraulic Cement.* 
Edward Duryea. (13) 

The Fire Building Materials.* James Howard. (Abstract 
paper read before the Nat. Mutual Ins. Cos.) (14) Dec. 

Gypsum Fireproofing Material. (14) Dec. 

The Windsor Station Foundations, Montreal.* (14) Dec. 

Wood Preservation. Kuehn. (Abstract paper read before the Central 
Elec. Ry. Assoc.) (17) 

Conveying and Depositing Concrete Gravity Chutes.* (13) Dec. 

The Collapse the Reinforced-Concrete Henke Building, Cleveland, Ohio.* (13) 
Dec. 

Largest Concrete Oil Reservoirs the World.* Hamilton Wright. (46) Dec. 10. 

The Substructure the Bankers Trust Company’s Building.* (14) Dec. 10. 

Underpinning the Manhasset Building, New York.* (14) Dec. 10. 

New Shops Utah Light Railway Company.* (17) Dec. 10. 

Design Two Large Reinforced Concrete Buildings.* Thomas. (14) 
Dec. 10. 

The Effect the Mold Material Concrete Blocks. Carpenter. (Abstract from 
Sibley Journal Eng.) (14) Dee. 10. 

L’Asséchement des Sables Aquiféres.* Roman. (31) Vol. Pt. 

Consolidation Partielle des Terrains Butte Montmartre, Paris.* 
Rivoalen. (35) Nov. 

Elargissement Gare Saint-Lazare; Murs Soutenement Long 
Propriétés Privées.* Charles Rabut. (33) Nov. 

Fatigue des Métaux les Nouvelles Méthodes d’Essais.* Ch. Fremont. (33) 
Serial beginning Nov. 19. 

Die Wiener und zur Verbesserung derselben.* 
Heinrich Goldemund. (53) Serial beginning Oct. 28. 

Der Neubau des Charlottenburg.* (51) 
Serial beginning Nov. 

Einige Emil Mogensen. (78) Nov. 15. 

Ueber die Berechnung der dreistieligen Rahmenkonstruktionen.* Pollnow. (78) 
Nov. 15. 

Flachgewélbe und ebene Platten zwischen Saliger. (53) Nov. 

25. 
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Topographical. 


Davis. (Paper read before the Detroit Eng. Soc.) 
ct. 


Insurance Surveying and Map Making.* Getty. (10) Nov. 
Water Supply. 


Concrete Water Tower.* Kempkey, Jr., Jun. Am. Soc. (54) Vol. 70. 
The Water Supply the Paso and Southwestern Railway From Carrizozo 
Santa Rosa, Mex.* Campbell, Am. Soc. (54) Vol. 70. 


Notes the Sheffield Water Supply, and Statistics Relating Thereto. Leonard 
Swaine Marsh, Inst. (63) Vol. 


Statistical and Experimental Data Filtration. William Ralph Baldwin-Wise- 
man, Inst. (63) Vol. 81. 
Contractors’ Plants, Types, Layout and Methods Operation. (Pittsburgh’s Filtra- 
tion Works).* Frederick Field. (58) Oct. 
The Hydro-Electric Power Plant the Jhelum River Kashmir, India.* 


Homberger. (Paper read before the Tech. Soc. the Pacific Coast.) (1) 


Low-Head Water Power Manhattan, Kan.* (27) Nov. 

Excavation the Walkill Pressure Tunnel, Catskill Water Supply New York City, 
American Record for Hard Rock Tunnel Driving.* (86) Nov. 

Factors Considered Valuing Water Power. (96) Nov. 10. 


‘The Prele Dam; 130-Ft. Hollow Reinforced Dam near Douglas, Wyoming.* 
(13) Nov. 10. 


Feed Water for Steam Boilers.* Edward Ingham. (22) Nov. 11. 

Impressions Recent Hydroelectric Practice Switzerland.* Durand. 
(14) Nov. 12. 

Some Notes the History Water Purification. (14) Nov. 12. 

Making Continuous Concrete Pipe.* (46) Nov. 12. 

Sixty Years Rainfall California.* Alexander McAdie. (Abstract from 
the Pacific Rural Press.) (103) 12. 

Operating Results the Antietam and Egelman Filters Reading. (14) Nov. 12. 


Quadrant for Canal Regulators Murrumbidgee Irrigation Project. (14) 
Nov. 


Electrical Pumping Plant for Irrigation Utah.* (14) Nov. 12. 

Examples Practice Using Check Valves Prevent Contamination from 
Secondary Water Supplies.* (86) Nov. 16. 

The Decision the Long-Delayed Peoria Electrolysis Suit. (13) Nov. 17. 

The Loch Arklet Extension the Glasgow Water Supply.* (12) Nov. 18. 

Water-Filtering Plant the Parkgate Works. (22) Nov. 18. 

Experiments with Model Spillways, Barren Jack Dam. Wade. (Abstract 
paper read before the Sydney Univ. Eng. Soc.) (14) Nov. 19. 

Mechanical Water Recorder.* (46) Nov. 19. 

Water Supply for Public Bath.* Nov. 19. 

Buttressed Masonry Dam Reinforced with Steel I-Beams.* Tainter, 
Am. Soc. (13) Nov. 24. 

The High Falls Development the Peshtigo River Northern Wisconsin.* (27) 
Nov. 24. 

Water-Power Possibilities Southeastern Alaska.* John Hoyt, Am. Soc. 
(13) Nov. 24. 

Graphic Calculation the Flow Water Pipes.* Bocking. (12) 
Nov. 25. 

Costs Operating Filters, Reading, Pa., Water-Works. (86) Nov. 30. 

The New Cast Iron Conduit from Lake Skaneateles Syracuse Water 
Works.* Palmer. (86) Nov. 30. 

Hydro-Electric Practice. von Schen, Am. Soc. (60) Dec. 

The Function the State Engineer the Arid and Semi-Arid States. Samuel 
Lea, Am. Soc. (Abstract from paper read before the Nat. Irrig. 
Congress). (13) Dec. 

Water Storage versus Storage Batteries. Barham. (73) Dec. 

Water Power Regulation Pennsylvania. Farley Gannett. (14) Dec. 

Something About Pipe Covering. (46) Dec. 

Electric Hot Water Supply System.* Joseph Baker. (46) Dec. 

Water Filtration and Typhoid Fever. (14) Dec. 

Compressed Air Transmission Tables. Frank Richards. (64) Dec. 

Large Portable Plant for Crushing, Mixing and Placing Concrete Catskill Aque- 
duct.* 

Methods and Cost Sinking and Lining Dug Well Long Island. Ingle, 
86) Dec. 

Cost Filters for Twelve Months, Philadelphia Water Supply. (86) 
Dec. 

Outline Sanitary Waterworks the Province Quebec. James Meadows. 
(96) 

Duty Trial the Six Million Imperial Gallon Pumping Engine the 
High-Level Pumping Station, Toronto Waterworks.* Robert Angus. 
(From Applied Science). (96) Dec. 


*Tllustrated. 
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Water 


The Development the Municipal Water-Works Spokane, Wash., and the Addi- 
tion Electric Pumping Station.* Alexander Lindsay. (13) Dec. 
) ec 
Municipal Pumping Station.* Alexander Lindsay. 
) ec. A 
Filter Troubles Caused Micro-Organisms Louisville. (14) Dec. 10. 
Stérilisation Grandes Quantités d’Eau par les Rayons Ultraviolets.* Max 
Recklinghausen. (33) Nov. 
Die Kern River-Anlage No. der Edison Electric Company Los Angeles, Kali- 
fornien.* Otto Gruenberger. (97) Serial beginning Sept. 
Gebiet der Murg oberhalb Forbach.* Rehbock. 
ep 
Die Wasserversorgung der Stadt Noworossijsk. Oskar Lieven-Noworossijsk. (52) 
Oct. 15. 
Der Gewitterregen vom 13. Juni, 1910.* Voit. (53) Nov. 25. 


Waterways. 

Reinforced Concrete Pier Construction. Eugene Klapp, Am. Soc. (54) 
Vol. 70. 

Riparian Boundaries. Davis. (Paper read before the Detroit Eng. Soc.) 


The Deep Waterway from St. Louis Cairo: Review Seven Proposed Plans 
for Securing Fourteen-Fcot Waterway.* Woermann, Engrs. Club, 
St. Louis. (Paper read before the Engrs. Club St. Louis.) (1) Nov. 

Electricity and the Panama Canal.* John Geo. Leigh. (26) Serial beginning 
Nov. 

Design for Granite Masonry Sea Wall Boston, Mass.* (86) Nov. 

Rooting for Ferry-Slip Piles.* (19) Nov. 12. 

The Siphon Lock the New York State Barge Canal Oswego, Y.* 
Watt, Am. Soc. (13) Nov. 17. 

Placing Floating Concrete Crib for Lighthouse.* (14) Nov. 19. 

Difficuit Work Naos Breakwater the Panama Canal.* (From Canal 
Record.) (14) Nov. 19. 

Separately Molded Concrete Members for Sea Wall. (Abstract from Concrete 
and Constructional Engineering.) (14) Nov. 19. 

Methods Excavating Canal Prism Using Bridge Conveyor Excavator, with Costs 
Work for Twenty-Four Consecutive Months.* (86) Nov. 23. 

Some Costs Channeling Rock the New York State Barge Canal. (86) 
Nov. 23. 

Extracts from the Annual Report the Isthmian Canal Commission for the Year 
ending June 30, 1910.* (13) Nov. 24; (86) Nov. 23. 

Wire Drag Work the United States Coast and Geodetic Survey.* (13) Dec. 

The Cost Concrete the Panama Canal Locks. (14) Dec. 

Methods and Costs Concrete Work the Gatun Locks the Panama Canal.* 
86) Dec. 

Dike Construction for Protecting Bridge Substructure, Chicago, Mil- 
waukee St. Paul Ry.* (86) Dec. 

Movabie Dams the New York State Barge Canal.* (13) Dec. 

The New Canal Gate Sault Ste. Marie.* (14) Dec. 10. 

Danube dans Basse Autriche.* Armand. 

Note sur Construction Jetée Daujon. (43) Sept. 

Réparations des Avaries Survenues Barrage Gigny sur 
Tavernier. (43) Sept. 


| 
| 
~ 
7 


REPORTS SPECIAL COMMITTEES 569 


PROGRESS REPORT SPECIAL COMMITTEE BITUMINOUS 
MATERIALS FOR ROAD CONSTRUCTION. 


GENTLEMEN :—Your Special Committee “Bituminous Materials 
for Road Construction” respectfully presents the following Progress 
Report. 

Through the courtesy your Board special meeting discuss 
the many problems modern highway engineering was held, under the 
auspices the January 1910, the House 
the Society. About one hundred engineers, highway officials, and 
chemists attended the meeting. The discussion covered progress along 
many the lines which the Committee interested, and thus was 
considerable value your Committee well affording 
opportunity for exchange opinions and results among those 
present. 

The Secretary this Committee has spent nearly year abroad 
studying European methods employed the construction and mainte- 
nance bituminous surfaces and bituminous pavements. The Chair- 
man has also made shorter trip, partly for this purpose. The Com- 
mittee advised that will receive reports and assistance its 
work from eminent engineers England and France. The work 
your Committee attracted sufficient attention from the Permanent 
International Association Road Congresses induce this organiza- 
tion publish French, German, and English, the three forms issued 
the Committee and distribute them the membership the 
Permanent Association and the Second International Road Con- 
gress, which was held Brussels last August. should appre- 
ciated that although European engineers have been constructing and 
maintaining bituminous roads since the beginning the present 
century, your Board has authorized the first systematic work which 
has been undertaken the endeavor place the use bituminous 
materials road construction upon scientific basis. 

encouraging number reports have already been received from 
the Park, Municipal, County, and State Engineers this country. 
The Committee having felt the necessity supplementary report 
the condition the road construction previously described 
the Committee’s forms, has prepared and distributed form for 
this second report. 

While some tentative preliminary conclusions might drawn 
the Committee from its work date, more especially relative sur- 
face treatments roads with bituminous materials, your Committee 
deems advisable withhold conclusions until the accumulation 
evidence warrants the publication facts rather than theories. 
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The investigations and correspondence the Committee have 
revealed such variety opinions and specifications concerning the 
use bituminous materials road construction and maintenance 
emphasize the value the action your Board appointing 
Committee investigate the above subject. 

have the honor be, 

Very respectfully, 


Chairman. 

Dean. 

Secretary. 
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THE IMPROVED WATER AND SEWAGE WORKS 
COLUMBUS, OHIO. 


1904 the City Columbus, Ohio, began the construction 
two important sanitary improvements have recently been com- 
pleted, and the purpose this paper describe them. They 
include works for improving the water supply and for purifying the 
dry-weather flow sewage. 

Previous 1904, or, more correctly speaking, previous the com- 
pletion the new works, may said that conditions Columbus, 
some other American cities, were far from satisfactory. The 
water supply, which had been mainly from ground-water sources, but 
was augmented times drawing directly from the river intakes, 
normally very hard, had gradually grown worse, typhoid fever had 
been constant menace, very severe epidemic having occurred 
January and February, 1904, and more than one occasion water 
famine had been imminent. periods extreme dry weather, 
practically the whole flow the Scioto River above Columbus was 
taken for water supply purposes and returned the river 
short distance west the southerly part the city, causing thereby 


nearly stagnant pool slightly diluted sewage, the odors arising from 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, 
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which, carried into the city the prevailing winds, gave cause for 
great complaint. somewhat similar condition affairs existed 
the east side the city, where the sewage was discharged into Alum 
Creek. proceeding the detailed descriptions the works 
built relieve these conditions, certain general information relating 
the city will given. 

Location.—Columbus, the capital the State Ohio, inland 
city located about miles southwest the geographical center 
the State, and about 100 miles from Lake Erie. The general elevation 
the city about 780 ft. above sea level. Fig. map the 
city and vicinity. 

Population and Area.—The population Columbus, given the 
United States Census, was 1890, and 125560 1900. The 
growth the city has been very rapid recent years, and, from the 
best information obtainable, believed that the population 1907 
was about 170000, and that, 1910, will have increased about 
200000. The area within the corporate limits the city 1908 was 
16.81 sq. miles. 

Precipitation—The mean annual precipitation Columbus, from 
the records the Weather Bureau the United States Department 
Agriculture, for the years, 1879 1907, 36.75 in. The 
wettest year was 1882, with total precipitation 51.30 in., and the 
driest, 1901, with total 26.53 in. The greatest monthly precipita- 
tion was 9.59 in., May, 1882, and the least, 0.18 November, 
1904. 

Temperature.—Tables and contain data relative the tempera- 
ture conditions Columbus, also compiled from the records the 
Weather Bureau. Table especial interest indicating the 
severity and duration the periods cold weather which the 
sewage purification works may exposed. The severest period the 
past was probably the winter 1898-99, when, although the total 
number consecutive days that the temperature was below 32° Fahr. 
was only 13, days the temperature was 20° below, days 
10° below, days 0°.or below, and days —10° below. 

Water-shed Scioto River—Columbus lies the junction the 
Olentangy and Scioto Rivers. Above the junction the water-shed 
the Scioto has area about 1050 sq. miles, and that the 
Olentangy about 514 sq. miles; below the city, the site the sewage 
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purification works, the water-shed the Scioto, shown Fig. has 
area about 1580 sq. miles. Above Columbus this water-shed 
general flat and largely devoted agriculture, being highly culti- 
vated. but few areas are wooded, the river more less flashy. 


TABLE 1.—TEMPERATURE CONDITIONS COLUMBUS, OHIO. 


Degrees Fabr. 


Warmest summer 


June, July, Aug., 1882 70.1 
Dec., Jan., Feb., 1889 1890 41.4 


Coldest month 


Highest recorded observation, once 
Lowest recorded observation, once each, 


Temperature Given Degrees, Fahrenheit. 


Days THAT MEAN DAILY TEMPERATURE WAS: 


Winter of: 


20° 10° —10° 
below. below. below. below. below. 


1878-1879 


Throughout the water-shed the rock limestone, and covered 
drift varying thickness, although many places exposed. 
The water hard, carrying considerable amounts the carbonates 
and sulphates lime and magnesia, and highly turbid during 
freshets. The river, certain degree, polluted, although not 
much other rivers flowing through more thickly populated dis- 


4-4-1 

1880-1881 6-1-8 5-1 

1884-1885 5-8 2-7 1-1 


tri 
Jan., 1893 18.8 

1879, 1884, 1899 —20.0 
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tricts, but the drainage which receives from small cities, villages, 
and public institutions sufficient render unfit for use public 
water supply without purification. 


Drainage Area Columbus, 1050 sq. miles. 


POPULATION: 
1900. 1908. 
Total population, towns having more than 000 inhab- 

Places having from 000to 000 4220 690 450 
Rural population (being all the remainder)............. 280 900 

Population per square mile, towns having more than 

Rural population per square 43.1 44.0 40.9 

Total population per square 59.8 65.7 69.7 


Table gives the population the water-shed the Scioto above 
Columbus for the years 1890 and 1900, and the estimated population 
1908, made from figures compiled Paul Hansen, Assoc. 
Am. E., Assistant Engineer, Ohio State Board Health, 
from which will noticed that the population largely rural. 


Total deaths Total deaths Deaths Deaths from 
Population. from all per 100 000 

population. ever. 
120 000 622 350 
131 000 551 1190 
148 000 080 1410 195 
155 000 899 220 409 
178 000 156 210 170 


For first six months only. 
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1899 
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1908 
1909 
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Death also compiled Mr. Hansen, gives the 
total death rates and the death rates from typhoid fever Columbus 
for the ten years prior 1908 and the rates for 1908, during the latter 
part which year the water purification works were placed opera- 
tion; also the total deaths and deaths from typhoid fever for the first 
six months 1909. The typhoid death rates several the years 
indicate only too clearly that purification the water supply was 
needed, and that the rates the other years were not higher probably 


due the fact that large percentage the water was obtained from 
underground sources. 


IMPROVED WATER-WORKS. 


water supply Columbus was formerly obtained 
mainly from ground-water sources. The first works 
ated the east bank the Olentangy River, just above its junc- 
tion with the Scioto. The supply was obtained from well, ft. 
diameter, and from brick filtering gallery, 256 ft. length, adjacent 
which was built what known the West Side Pumping Station, 
the works being first put operation May 1871. The city 
then, present, was supplied direct pumping service. dis- 
tribution reservoirs stand-pipes were provided; reservoirs, however, 
were entirely out the question account the topography the 
city and the surrounding country. 

From time time the ground-water source supply was increased 
extending the filtering galleries and conduit systems under and 
along the Olentangy and Scioto until total length 097 
ft. brick and iron conduit, in. diameter, had been provided. 

The most recent extension the conduit system was made 1897 
and 1898, when additional 3000 ft. 42-in. cast-iron pipe were 
laid. the time this new conduit was built, tubular wells, in. 
diameter, were sunk along its line depths varying from 
ft. below its bottom, most them, when they were drilled, being 
flowing wells the conduit elevation. The laying this additional 
conduit was undertaken precautionary measure, provide 
duplicate system for use case failure the old brick conduit, 
warning that collapse was likely occur having been given the 
the old conduit several points near its upper end. The 
extension the underground source supply did not keep pace with 
the increasing consumption, and, each year since the works were first 
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established, more less water was obtained directly from the Olen- 
tangy and Scioto Rivers, the last few years, however, only. from 
the Scioto. 

1889, having been considered that the underground sources 
supply tributary the West Side Pumping Station had been 
developed great extent was profitable, attention was turned 
Alum Creek, the stream flowing along the eastern boundary the 
city. second pumping station, known the East Side Pumping 
Station, was built the west bank the creek, and pumping was 
begun May 5th, 1891, from brick well, ft. diameter, and 
from tubular wells, in. diameter and from ft. depth. 
was the the West Side Pumping Station, the supply from 
the underground sources times was insufficient and was augmented 
drawing indirectly from Alum Creek. 

The construction storage reservoir the Scioto River first 
received consideration 1879. 1886 plans for low dam across 
the river were prepared Mr. John Gregory, but the cost the 
proposed undertaking was large that the project was laid aside 
favor additional filtering galleries. 1893 the project was again 
revived, when storage reservoir was reported necessary Rudolph 
Hering, Am. Soc. E., the Scioto River being 
better source supply than other available streams. 

was not until 1897, however, that definite steps were taken 
secure additional supply. Extended surveys and studies were then 
made Julian Griggs, Am. Soc. E., Chief Engineer the 
Department Public Improvements, and early 1898 Mr. Griggs 
recommended the construction curved concrete overflow dam, ft. 
high, across the Scioto River, about 5.5 miles northwest the West 
Side Pumping Station. the spring the same year, general plans 
the proposed work were submitted the Ohio State Board 
Health, and their approval recommendation was made that the 
height the dam increased from ft. ft., much greater 
storage could thereby provided. 

June, 1898, the whole subject was reviewed James Schuy- 
ler, Am. Soc. E., Consulting Engineer, and July the same 
year, endorsed the proposed construction and concurred the 
recommendation that the 50-ft. dam built. the course the 
next two years several attempts were made begin the construction, 
but, owing legal and other difficulties, they were unsuccessful. 
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1900 the question additional supply was again taken up, 
and Samuel Gray, Am. E., Consulting Engineer, was 
asked report, not only the additional supply, but also the 
improvement and extension the whole water-works system. the 
report submitted Mr. Gray, February, 1901, endorsed the 
previous recommendation that the Scioto River adopted source 
supply and that masonry dam ft. high and impounding 
reservoir built. advised also that water purification works, con- 
sisting softening and mechanical filtration plant, built adjacent 
the West Side Pumping Station, that gravity conduit laid 
from the storage reservoir the purification works, that the East and 
West Side Pumping Stations abandoned, that new pumping 
station with entirely new equipment built, and that the distribution 
system revised and reinforced. 

Following the presentation Mr. Gray’s report, steps were taken 
inaugurate the construction the work outlined and recommended 
him, but was not until 1904 that the necessary funds were appro- 
priated and the work construction commenced. 

Brief Outline the New the development the new 
works, the scheme outlined Mr. Gray’s report has general been 
followed, but modifications have been made where further study indi- 
cated that would desirable. Briefly stated, masunry dam, raising 
the water level ft., and storage reservoir, have been built the 
Scioto River, about 5.5 miles northwest the old West Side Pumping 
Station. About 4.5 miles below the dam new pumping station and 
purification works have been built. appropriation for the gravity 
conduit was made, and therefore the river used conduit, the 
water flowing down the river from the dam the new pumping station. 
The water here raised low-lift pumps the purification works, 
softened and filtered, and then pumped from the new station 
through two 36-in. force mains connecting with the distribution system 
the city. The old East Side and West Side Pumping Stations are 
longer service, the work which they formerly did being now per- 
formed the new pumping station. The location the new works 
relative the city shown Fig. 


THE SCIOTO RIVER STORAGE DAM AND 


Type Scioto River Storage Dam, offi- 
cially known, concrete structure about 1006 ft. long, consisting 
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two abutment sections, one each bank the river, with overflow 
rollway section between. The dam the curved arched type, 
with the convex side stream, the vertical up-stream face for length 
810 ft. being built plan radius 800 ft. 

Mr. Gray’s report was recommended that 52-ft. dam, so- 
called high dam, built, that is, dam which would raise the water 
level ft., but, owing reasons purely local, and having relation 
the design the structure, the 30-ft. low dam was built. The 
foundations and abutment sections, however, have been constructed 
that future date the dam can raised ft. the full height 
recommended. Fig. general plan and elevation the dam. 

The crest the present overflow Elevation 73.0, ft. above 
former mean low water, the abutment sections either side rising 
Elevation 95.0, ft. above the crest the overflow. With the high 
dam, the crest the future overflow will Elevation 95.0 and the 
top the abutment section Elevation 117.0. 

Profile Dam.—The profile the dam adopted substantially 
that the 52-ft. dam recommended Mr. Gray, few slight changes 
the dimensions, however, having been made order secure 
somewhat smoother outline. Although the dam the curved type, 
has gravity section, and the design consideration was given 
the effect any possible arch action. 

The factors controlling the design the profile are discussed 
fully Mr. Gray’s report that they will not considered here 
length, being sufficient state that, addition the water pressure 
the back the dam, allowance was made for upward water 
pressure equal two-thirds the head the back the dam and 
decreasing uniformly the toe, and for ice thrust 34000 
per lin. ft. dam applied the crest the future overflow, ft. 
below the top the high dam. all the computations relating the 
stability the dam, the weight the was assumed 140 lb. 
per cu. ft. 

Two profiles the 52-ft. dam are shown, Fig. giving the lines 
pressure when the reservoir full and empty, and Fig. giving 
the lines when the reservoir filled ft. below the top, that is, 
the crest the future overflow. 

reference Fig. will seen that with the reservoir empty, 
with the reservoir full and water pressure only the back the 
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dam, the lines pressure fall inside the middle-third limit. With the 
reservoir full and with upward water pressure the base the dam, 
the line pressure falls outside the middle-third limit. the condi- 


SCIOTO 12’ SCIOTO RIVER 
STORAGE DAM. STORAGE DAM. 
LINES OF PRESSURE, LINES OF PRESSURE, ! 
RESERVOIR FULL AND EMPTY, 22’ RESERVOIR FILLED TO = \o9 


Scale of Feet 22 FT. BELOW TOP. 


472’ 72” 
, 
182 
El. 27.5 27.5 
Fia. 
Future High Dam —» 
STORAGE DAM. STORAGE DAM. 
SECTION WEST ABUTMENT, SECTION OVERFLOW 


Section of Present 


tion full reservoir and upward water pressure the amount 
assumed would infrequently, and especially the duration 
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hours, and, further, would probably require several days for the 
upward pressure equal the amount assumed, the increase section 
necessary bring the line pressure inside the middle-third limit 
was not considered warranted. 

With the reservoir filled the the future overflow, will 
seen, referring Fig. that the lines pressure due water 
pressure only, water pressure and ice thrust, and water pressure, 
ice thrust, and upward pressure, all fall inside the middle-third limit. 

West Abutment.—The section the present west abutment 
shown the full lines Fig. the dotted lines indicate what the 
full section the west will when the dam raised ft. 
the top the present section steps have been left for the purpose 
providing bond with future work. addition the steps, 6-in. 
ft. long and ft. apart, have been built into the masonry 
provide additional bond between the old and new work. 

Inasmuch probably only question time until the dam 
will raised, attempt architectural ornamentation was made, 
that being left considered with future construction. 

Present Overflow.—The present overflow has rollway section with 
apron extending out few feet the toe, shown Fig. 
Superimposed this section are shown the sections the present 
and future west abutments. ‘The overflow 500 ft. long, and was 
designed discharge maximum rainfall in., the drainage area 
1032 sq. miles above the dam, flowing off hours, about 
166 500 cu. ft. per sec. discharge this quantity would require 
depth about 21.7 ft. the overflow. the flood March, 1898, 
the greatest which any records are available, the maximum dis- 
charge the river was estimated about 50000 cu. ft. per sec. 
depth only about ft. the overflow would required pass 
this quantity water. Owing its length, the possible depth 
water flowing over it, and the possibility raising the dam, was not 
considered advisable attempt bridge the overflow. When the dam 
raised, the present overflow will become part the west abutment, 
and especial care will have taken insure satisfactory bond 
between the old work and the new. all probability some method 
steel reinforcement will required. 

Sluice-Pipes.—In order care for the ordinary flow the 
river during construction, six lines 36-in. cast-iron pipe were built 
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through the west abutment the dam, the up-stream end each being 
provided with 36-in. circular sluice-gate. case should ever 
desired drain the reservoir the lowest possible point, these gates 
could used for this purpose, but, under ordinary conditions, they 
will remain closed. 

Power was pointed out Mr. Gray’s report that, with 
the 52-ft. dam, considerable amount water-power could developed 
the dam from the water overflowing excess that required the 
city. order provide for the possible future development this 
power, should the present dam raised, three so-called power tubes 
have been built into the west abutment, two Elevation 85.0 and one 
Elevation 65.0, for connecting with future penstocks. tube 
riveted steel pipe, ft. diameter in. thick, reinforced with 
bent steel angles placed circumferentially. Reinforced concrete bulk- 
heads have been built the ends each tube, and the up-stream 
ends heavy flanges have been provided which gate-frames, screens, 
other construction can bolted. 

Gate-Chamber.—The gate-chamber just east the present over- 
flow and the up-stream side the present east abutment. 
superstructure has been provided the present construction, 
would necessary remove it, should the dam raised. Instead, 
operating-room has been built the upper part the gate-chamber, 
with its roof flush with the top the present east abutment. Should 
the dam raised, the roof only would removed, thereby permitting 
the gate-chamber extended the top the high dam. 
gate-house, operating-room similar the present design, could 
then built, desired. The floor the operating-room Eleva- 
tion 84.0, ft. above the crest the overflow, and would not 
flooded except for short time during period very high water, 
fact, higher than that the flood March, 1898. manhole the 
roof and ladder extending the floor below furnish access the 
operating-room. 

Below the operating-room, the wells are duplicate, water being 
admitted through openings the up-stream face the gate-chamber. 
each up-stream well two 60-in. Coffin sluice-gates have been 
provided, permitting water drawn different levels. addi- 
tional sluice-gate the same size, higher elevation, will added 
should the dam raised. Three sets grooves for stop-planks and 
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sereens have also been provided. each down-stream well placed 
48-in. circular sluice-gate, each connecting directly with line 
48-in. cast-iron through the dam. These two lines 
48-in. pipe will connect with the future conduit from the dam the 
water purification works. 

mentioned before, this conduit has not been built. Under 
ordinary conditions, the reservoir full and the entire flow the 
river passes over the overflow and thence down the purification 
works, where portion pumped the settling basins. When 
the amount taken the purification works excess the flow 
the river, however, the deficit made drawing from the storage 
the reservoir, the water being drawn through the gate-chamber and 
discharged again into the river just below the dam. Under such 
tions, fine screening the gate-chamber would useless, and hence 


coarse screens only have been provided, sufficient keep out floating 
brush and logs from the wells. 


These coarse screens present extend from the bottom the gate- 
chamber about the level the crest the overflow; above them 
are placed stop-plank gates reaching the floor the operating-room. 
The twelve screens consist flat steel bars, in. from 
center center, held steel frames ft. in. high and about ft. 
in. wide. The four stop-plank gates are in. thick, and are made 
and bolted together sets, ft. in. high and ft. in. wide. The 
SCIOTO RIVER STORAGE DAM. 
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order provide overflow 500 ft. length, the remaining 304 ft. will 
excavated rock. the down-stream side, four guide-walls have 
been built order prevent lateral movement the water immedi- 
ately the foot the rollway. backed with earth, 
will also built, about 100 ft. from the back vertical 
face the dam. The foundation and footing for this future guard- 
wall have been built with the present construction. 

Foundation—The foundation which the dam built 
Columbus limestone, the depth the excavation being governed largely 
the character the rock. Under the overflow section, the rock 
was excavated depth sufficient protect the foundation from the 
action water moving high velocity, the rock here being hard, 
and free from clay pockets; seams, however, are found various 
angles. Under the west abutment, between Elevations 53.0 and 62.0, 
the rock was softer than that either above below, and some large 
vertical cracks, filled with clay and extending back into the hillside, 
were found. The excavation, therefore, was carried greater depths 
than was contemplated originally. The stratum softer rock was also 
found the east bank. 

cut-off trench, varying depth from ft. and about 5.5 ft. 
wide, was excavated under the up-stream portion the dam. part 
the trench was excavated drill mounted horizontal bar, 
light charges powder being used loosen the rock, but satisfactory 
results were not obtained until Ingersoll-Sergeant channeling 
machine was installed. 

dam was built mainly but large stones 
were bedded extent, the percentage such stones 
the whole, however, being small. Lehigh Portland cement was used 
throughout the work, and was furnished the contractor the City. 
The ballast for the concrete was crushed limestone into three 
sizes: No. 0.25 0.75 in.; No. 0.75 1.5 in.; and No. 1.5 
in. 

During the fall 1904, when about 6300 cu. yd. concrete were 
placed, the materials were mixed the proportion volume 
cement, volumes sand, and volumes each Nos. and 
ballast. During 1905, when the remainder the concrete was placed, 
the proportions were changed cement, 2.71 sand and 2.29 
each the three grades ballast. The two mixtures above mentioned 
were used the main body the dam. the face the present 
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and future overflows, and the vertical sides the abutment sec- 
tions next the present overflow, for depth ft., and the top 
the abutment sections, for depth in., richer mixture was 
used, the concrete 50% more cement than that the main 
body the dam. 

The total volume concrete placed the dam was 330 cu. yd., 
which 870 bbl. cement were used, giving ratio 1.01 bbl. 
cement per cubic yard concrete, and agreeing almost exactly with 
the specifications, which stated that “in general, not less than one 
barrel cement will used each cubic yard concrete.” 

Reservoir.—The reservoir formed the construction the dam 
peculiar shape, very long and narrow, the total length 
being about 5.8 miles and the mean surface width about 516 ft.; the 
maximum width about 820 ft., and the minimum about 200 ft. The 
area the water surface about 363 acres, and the mean depth about 
14.5 ft.; the maximum depth, about ft., just above the dam. The 
total volume water impounded the present 30-ft. dam, 
Elevation 73.0, 1720000000 gal., which 1487000000 gal. are 
available, taking low water Elevation 55.0. The total volume which 
would impounded the 52-ft. dam would 681000000 gal., 
which 448 000 000 gal. would available. 

Inasmuch the water was purified filtration, was not 
considered necessary strip the surface the reservoir. All trees 
were cut down, and all stumps and roots in. more diameter 
were grubbed out depth least ft. below the surface, after 
which the material was burned. The surface the ground was then 
burned over. There were few buildings the site the reservoir, 
one which would have been submerged. Some these buildings 
were moved higher ground; the others were burned torn down. 
One old bridge was removed, and new one, 540 ft. length, was 
built replace it. The new bridge was designed and erected under 
the direction Mr. Walter Braun, County Surveyor, the City paying 
70% the cost. addition the above, about 3.9 miles roads were 
relocated and constructed. 

Cost.—Table gives the cost the reservoir and dam, and Table 
gives the cost per million gallons capacity. order that the figures 
may understood clearly, one two items need explanation. the 
reconstruction the bridge and the approaches, previously stated, 
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the City bore 70% the cost, but the figures Tables and give 
the total costs, and not the proportionate part paid the City. 
Similarly, the figures given for the cost engineering include the 
cost engineering chargeable the bridge, although this work was 
not done under the direction the City. 


TABLE RIVER STORAGE RESERVOIR AND DAM. 


Land.. 452 acres $334 ........ $150 850 
Clearing grubbing. 256 acres 200 
Keeper’s house, repairs, and grading. 


Dam. 
Excavation. 


Masonry and steel. 
Steel rails and 28.7 tons 000 
Gate chamber. 
48-in. cast-iron 28.5 tons 26.84 
Screens, stop-planks and 580 


sluice-pipes. 


Engineering. 


The item for engineering needs further explanation. Prior 1904, 
when the engineering force was organized for carrying the work 
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construction, and extending over series years during which the 
preliminary studies the dam, the surveys the reservoir, and 
exploration the dam site were made, separate account was kept 
the cost engineering, being included the general engineering 
expenses the City. After the writer became connected with the 
work, made attempt ascertain this preliminary cost, but was 
unable so. The cost engineering given Tables and there- 
fore, does not include this preliminary work, but does include the 
preparation all the contract drawings and specifications, and the 
engineering expenses during the full period construction. 


TABLE PER MILLION GALLONS, SCIOTO RIVER STOR- 
AGE RESERVOIR AND DAM. 


Cost, PER MILLION GALLONS. 


Items. 
Total capacity, Available 
720 000 000 gal. 487 000 gal. 
Land....... $150 850 $88 $101 
Reservoir, exclusive land ........ ... 141 360 
Total, exclusive engineering......... $640 200 $430 


530 $391 $452 


Contractors, and Progress Work.—The preparation the draw- 
ings and specifications was begun January, 1904. The main con- 
struction work was practically completed December, 1905, although 
some work minor importance was done 1906. The principal con- 
tracts for the work were: 


The Kelley Island Lime and Transport Com- 
pany. 


Sluice-gates.............Coffin Valve Company, and The Michigan 
Brass and Iron Works. 
Clearing and Hoover and Kinnear. 


James Westwater, and The Buckeye Engi- 
neering and Construction Company. 
Mt. Vernon Bridge Company. 
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THE SCIOTO RIVER PUMPING STATION AND WATER 
PURIFICATION WORKS. 


The Scioto River pumping station and water purification works 
are located the high ground the north bank the Scioto River, 
about 4.5 miles below the storage dam and about mile above the old 
West Side Pumping Station. Plate general plan the works, 
and Plate III shown more detail the arrangement the several 
structures and the layout the various conduits and pipe lines. 

Briefly stated, the operation the works follows: The raw 
water drawn from the river through intake and intake conduit 
raw-water suction well just south the pumping station. From 
this well the water pumped low-lift pumps the purification 
works where softened and filtered, passing finally through the 
filtered-water reservoirs and back filtered-water suction well just 
north the pumping station. From this well the water pumped 
direct-service pumping machinery through two lines 36-in. cast-iron 
pipe, about 4900 ft. length, point opposite the old West Side 
Pumping Station where connections are made with the existing dis- 
tribution system. 

Capacity pumping station and purification works 
are designed for extension ultimate net normal capacity 
000 000 gal. per hours. present the pumping station has net 
normal capacity 000 000 gal. per hours, but the building 
sufficient size for equipment having the ultimate net normal capacity. 
The purification works present have net normal capacity 
000 000 gal. per hours, but have been arranged that extensions 
may readily made. 

Minor 


Intake, Gate-House, and Intake Conduit.—The intake, the river 
bank, consists low concrete head-wall provided with coarse screens, 
through which water admitted two 4-ft. concrete conduits connect- 
ing with the screen-wells the gate-chamber. Passing through 
double set fine brass screens, meshes per in., the water flows 
through 5-ft. reinforced concrete intake conduit the raw-water 
suction well.. The gate-chamber surmounted small brick gate- 
house, ft. in. square, which are located the operating stands for 
controlling the sluice-gates and also small hand traveling crane with 
electric hoist for raising and lowering the screens and stop-planks. 
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Raw-Water Suction Well, and Diverting Chamber.—The raw-water 
suction well circular concrete structure, ft. diameter inside 
and ft. deep. From the well the pumping station three 30-in. 
cast-iron suction pipes have been laid, but present only two them 
have been arranged supply water the low-lift pumping machinery. 
The level the water the suction well shown indicator 
the basement the engine-room. 

Connected with this well, also, lines 24-in. perforated 
pipe, each ft. length and located parallel the south 
wall the engine-room. These pipes are perforated with holes, 
in. apart centers, and are surrounded layers gravel screened 
three different sizes. Under ordinary conditions, with low stages 
water the river, the sluice-gaies the inner ends these pipes are 
closed, but, during periods high water, possible throttle the 
supply from the river and open these gates and admit ground-water, 
the object being lower the ground-water level much possible 
and thereby relieve, certain extent, the water pressure the pipe 
gullets the basement the engine-room. 

reference Plate III will seen that drain from the 
settling basins passes down the east side the pumping station and 
through so-called diverting chamber. 42-in. concrete diverting 
conduit connects the diverting chamber with the raw-water suction 
well. When one the settling basins drained for cleaning, the 
upper ft. water, which has been softened and settled, can 
first drawn off, passing down the settling-basin drain and through 
the diverting chamber and diverting conduit the raw-water suction 
well, from which can pumped back the other compartments 
the settling basins. The water remaining the settling basin then 
drained the river. overflow weir has been provided the divert- 
ing chamber that the basin when full should drained acci- 
dentally, before the gates the diverting chamber are properly set, 
the water would discharged over this weir and through the main 
drain the river, thereby preventing the flooding the grounds, the 
capacity the weir being excess that the settling-basin drain. 

Filtered-Water Suction filtered-water suction well 
rectangular concrete structure, ft. wide, ft. long, and ft. in. 
deep, divided into three separate wells, 42-in. cast-iron suction pipe 
from each extending into the the engine-room. present 
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only two the suction pipes are service, the third being provided 
for future pumping engine. Filtered water delivered the well, 
from valve-chamber the purification works, through 5-ft. rein- 
forced concrete filtered-water conduit, the valve-chamber turn being 
connected with the filtered-water reservoirs two lines 36-in. cast- 
iron pipe. The suction well tightly roofed over, but hooded vent 
the atmosphere has been provided. The water level the well 
shown indicator the engine-room. by-pass from the dis- 
charge pipes the pumping engines connects with the suction well for 
the preliminary operation the engines prior placing them 
regular service. 

Spur and pumping station and purification 
works are connected with the Pittsburg, Cincinnati, Chicago and St. 
Louis Railroad spur built embankment and terminating 
over the coal pocket. From the east embankment the settling basins 
the coal pocket the track carried deck plate-girder bridge, 
114 ft. in. long, made four equal spans. The piers and abut- 
ments are concrete. 

Sewage Disposal Works.—The sewage from the pumping station 
and water purification works cared for small disposal works 
the bank the river the down-stream side the low dam below 
the intake. built, the works consisted septic tank and two 
intermittent sand filters. When the disposal works were designed 
was known that they would flooded high water the river, but 
was expected that the damage could easily repaired. The un- 
usually high flood the winter 1908-09, however, demonstrated 
that would better not attempt repair the filters each time they 
might damaged, and their use has been lieu 
operating the filters, proposed sterilize the effluent from the tank 
before discharging into the river. 


Building. 
Construction pumping station building, plan 
and section which are shown Plates and covers area 


147 ft. in. 152 ft. in., and includes engine-room, boiler-room, 
coal pocket, coal and ash tunnel, store-room, machine-shop, lavatory, 
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locker-room, and office. The substructure, throughout, concrete, 


reinforced with twisted steel rods where necessary. 

The superstructure, with the exception the coal pocket, 
steel-frame construction, the roof trusses and crane runway girders 
being carried steel columns. The walls are brick masonry, faced 
outside with red pressed brick. The water-table, belt-courses, window- 
sills, main entrance, and similar trim, usually cut stone, are 
concrete, constructed special moulds, with carefully finished surfaces, 
and present very attractive appearance. 

The engine-room roof slate laid 3-in. hollow terra cotta 
tile supported steel tees, which, turn, are carried the rafters 
and purlins. The under side the tile plastered with hard wall 
plaster and painted. The roof over the boiler-room and over the office, 
lavatory, and locker-rooms, consists slabs reinforced concrete, 
in. thick, resting the upper chords the roof trusses and the 
intermediate framing. the concrete laid three-ply roofing felt, 
bedded hot asphalt, which turn protected vitrified roofing 
tile, in. thick, also bedded asphalt. Expansion joints the con- 
crete, flashed with corrugated copper, were made over each roof truss. 
The monitor over the boiler-room steel-frame construction, the 
walls being expanded metal and plaster. The building lighted 
throughout electricity, and the engine- and boiler-rooms, addi- 
tion numerous incandescent lights, are lights are used. 

Engine-Room.—The engine-room basement ft. wide, 139 ft. 

long, and ft. in. depth below the main gallery floor. The walls 
the superstructure are set back in. The total height the room 
from the basement floor the ridge the roof ft. in. The 
basement floored only the south end for width about ft. 
where small office, the generators, and the switchboard are located. 
gallery, ft. wide, extends around the four sides the room, but, 
front the pumping engines, widened out cover all the 
space between the engines and the main entrance. The pumping en- 
gines are reached the rear bridges connecting with the engine- 
room gallery. The walls the superstructure are faced inside with 
pressed brick, the wainscot, ft. in. high, being red vitrified brick, 
and the wall above light-buff speckled brick. ladder provides 
access the crane cab. 


The basement reached two stairways, one between the pumping 
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engines and the other the south end the room. Under ordinary 
conditions, the ground-water level some ft. more below the base- 
ment floor, and this account, and considering the character the 
construction and the expense, the floor was not water-proofed. With 
long-continued, extreme, high water the river, seldom likely occur, 
the ground-water might rise such extent produce upward 
pressure the floor. provide for this condition, however, open- 
ings, protected with gratings, have been left the floor relieve the 
pressure, and equipment has been provided for pumping out water 
which may find its way into the basement. The walls the basement 
are painted. 

Boiler-Room.—The boiler-room about ft. in. wide, 109 ft. 
in. long, and has clear height ft. in. the lower chords 
the roof trusses. The floor front the boilers, over the coal and 
ash tunnel, reinforced concrete, and, between the track and the 
boiler fronts, protected with checkered cast-iron floor-plates. The 
industrial railway the boiler-room made cast-plate track 
and switches. The walls the room are lined with hard red brick. 
The monitor and roof trusses were designed carry coal conveyor, 
should found desirable install one. 

The coal and ash tunnel below ft. in. wide and ft. in. 
high the clear, and provides ample for the easy loading coal 
and the removal ashes. The tunnel reached stairway the 
south end the boiler-room and also hydraulic elevator. 

Coal Pocket.—The coal pocket, which all above ground, ft. 
wide, about 105 ft. in. long, and ft. high the clear, and provides 
storage for 800 tons coal, about days’ supply under present 
conditions. The walls are concrete. The roof combined steel 
and reinforced concrete, the track rails being carried steel 
and plate girders bedded concrete. The thrust due starting and 
stopping cars taken the concrete columns and side-walls and 
buttresses the ends. Openings the roof permit using either 
side- bottom-dumping cars. Openings the floor admit coal 
the chutes. 

Machine-Shop and Rooms Above and machine-shop, 
just south the boiler-room, ft. in. wide and ft. in. 
long, and will fitted for small repair work with electrically- 
operated machine tools. The basement below the machine-shop, ft. 
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in. wide and ft. in. long, used store-room for miscel- 
laneous Above the machine-shop the main office, lavatory 
with sanitary conveniences and shower baths, and 
furnished with expanded-metal lockers. 

Chimney.—The chimney radial brick construction, ft. inside 
diameter the top and 165 ft. in. high, above the boiler-room floor. 
fire-brick lining extends about ft. above the top the flue 
opening. The foundation concrete, cored out save material, 
and extends depth ft. in. below the boiler-room floor, 
the same depth the foundations the building immediately adjoin- 
ing. The superstructure the chimney was built Heinicke, 
Incorporated. 

Machinery and Equipment. 

Pumping pumping filtered water the City the 
present equipment includes two vertical, triple-expansion, pumping 
engines, built the Holly Manufacturing Company, and operating 
direct service. Space has been provided for third engine. Each 
machine has minimum 7000000 maximum 
capacity 000 000 gal., and normal capacity 000 000 gal. per 
hours, against total head 205 ft. 

The pumping engines are the single-A, box-frame type, the 
engine bed-plates being directly the suction and discharge 
air chambers. The steam cylinders are 28, 54, and in. and the 
water plungers in. diameter. The stroke ft., and the piston 
speed 250 ft. per min. normal capacity. 

The suction pipe in. and the discharge in. diameter. 
Water drawn through surface condenser, taking the entire flow, 
into the suction valve-chambers, then passes through the pump cylinders 
and out through the discharge valve-chambers. The valve decks are 
vertical, cast steel, the valves being screwed directly into the decks. 
air compressor and vacuum pump driven the main engine, and 
provision has been made for the addition direct-connected feed 
pump. 

pumping raw water the purification 
works, two low-lift pumping units have been installed, space being left 
for third. Each unit consists single-suction, horizontal, Worth- 
ington, volute pump, with 26-in. suction and discharge nozzles, direct- 
connected 124 and 17-in. horizontal, tandem-compound, con- 
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densing, four-valve, Fleming engine, and has normal capacity 
000 000 gal. per hours, against total suction and discharge head 
ft., and maximum capacity 25000000 gal. per hours, 
against total head ft. 

Generating Units—The electrical equipment consists two 
100-kw., 250-volt, direct-current, Crocker-Wheeler generators, each 
direct-connected and 21-in. 12-in. vertical, cross-compound, 
Shepherd engine. The switch-board marble, and has two genera- 
tor panels and one feeder panel, with the usual station instruments 
and with integrating watt meters the and power circuits 
which run the purification works. 

Flushing Pump.—For out the settling basins, mixing 
tanks, and lime saturators the purification works, raw water used, 
and supplied and 20-in. 15-in. horizontal, Worthing- 
ton, compound, direct-acting pump with outside center-packed plungers. 
The pump has normal capacity 1500 gal per min. against total 
head 140 ft., minimum capacity 250 gal. per min., and 
maximum gal. per min. The suction the pump 
connected with the 48-in. discharge pipe from the low-lift pumps supply- 
ing raw water the purification works. additional suction, ex- 
tending the bottom the main gullet, has also been provided for 
use case the automatic sump pump should out service, 
should the condition arise whereby relatively large quantity water 
would find its way into the main gullet, due either accident, 
excess ground-water, previously mentioned. 

Wash-Water Pump.—Filtered water for washing the filters the 
purification works supplied the wash-water tank and 14-in. 
15-in. horizontal, Worthington, compound, direct-acting pump, 
having normal capacity 1300 gal. per min. against total head 
ft., and maximum capacity 1600 gal. per min. The pump 
controlled automatically the level the water the wash-water 
tank, starting when the level drops Elevation 86.5 and stopping when 
the level reaches Elevation 87.0. The suction taken from main 
connected with the suction pipe one the vertical, triple-expansion 
pumping engines. 

Boiler Feed Pumps.—The boilers are fed two and 
10-in. brass-fitted, Worthington pumps the duplex, double-acting, 
outside-packed plunger type, each having capacity 150 gal. per 
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min., with water 210° Fahr., against steam pressure 175 
per sq. in. Hot water ordinarily supplied the pumps from open 
feed-water heater, but separate cold-water supply provided for use 
when the heater out service. 

Independent Surface exhaust steam from the low- 
lift pumping units, generating units, and flushing pump piped 
independent Worthington surface condenser having 600 sq. ft. cool- 
ing surface. The condensation discharged and 14-in. 
10-in. vertical, fly-wheel, suction, valveless, vacuum pump the open 
feed-water heater. The circulating pump single-suction, hori- 
zontal, Worthington, volute pump, with 8-in. suction and 6-in. discharge 
nozzles, direct-connected vertical, single, 5-in. Blake engine. 
The circulating water taken from main connected with the 42-in. 
suction pipe one the vertical, triple-expansion pumping engines, 
and returned the suction pipe the other pumping engine, the 
connections both suction pipes being between the filtered-water 
suction well and the valves controlling the flow through the suction 
pipes. 

Open Feed-Water Heater—A Cochrane, open, feed-water heater, 
raising the temperature 50000 water per hour from 
100° 210° Fahr., receives the condensation from the surface con- 
densers the vertical, triple-expansion pumping engines, from the 
independent surface condenser, and from the various steam separators 
and receivers, and also the exhaust steam from the wash-water pump, 
the independent circulating and vacuum pumps, and the boiler feed 
pumps. The feed-water heater serves the hot well, and raised 
from the floor the engine-room basement produce head 
about ft. the suction valves the boiler feed pumps. 

Sump Pump.—As the basement the engine-room too low 
provide natural drainage all times, sump has been built, the 
north end the main gullet, which receives the water from the various 
drips and drains. the bottom the sump placed submerged 
3-in., Worthington, vertical, volute pump having capacity 250 gal. 
per min. against head ft. The pump direct-connected 
220-volt, enclosed, 5-h.p., Crocker-Wheeler motor, placed ft. above the 
basement floor the engine-room. The pump and motor operate auto- 
matically, starting when the level the water reaches any desired 
point between Elevations 29.0 and 32.0, and stopping when the level 
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drops Elevation 27.0. The water discharged into drain leading 
the river. 

and boiler-room contains four 300-h.p., Babcock 
and Wilcox, horizontal, water-tube boilers, carrying steam 160 
pressure. Space has been left, and the foundations built, for two addi- 
tional boilers. present the boilers are fitted with shaking grates, 
and are hand-fired, but the construction such that mechanical 
stokers can added when desired. The ash-pits are arranged with 
hopper bottoms below the level the boiler-room floor, and are pro- 
vided with chutes through which the ashes are discharged into ash 
cars the coal and ash tunnel. boiler provided with hot- 
water meter the feed pipe, and automatic stop check-valve the 
steam nozzle, addition the regular gate-valve. 

The flue, the maximum section which ft. wide and ft. 
high, brick masonry, in. thick, and supported steel 
I-beams. The floor the flue arched, and the roof the brick- 
work carried steel tees. The draft controlled damper and 
automatic damper regulator. 

Steam Distribution.—In the steam supply lines modified unit 
system piping has been followed. The steam header divided 
double valves into two sections, the northerly section being over one 
battery boilers and the southerly section over the other battery. 
Ordinarily, the valves are open. From one boiler battery direct 
line run one vertical, triple-expansion, pumping engine, branch 
connecting with the header, and from the other boiler direct line 
run each pair consisting one low-lift pumping unit and one 
generating unit, branch from this line also connecting with the 
header. The other section the header similarly connected with 
the other pumping engine and low-lift pumping and generating units. 
Separate lines, run from each section the header, supply steam 
the boiler feed pumps, the lines being cross-connected, with double 
valves, the engine-room. Steam for the flushing, wash-water, and 
independent circulating and vacuum pumps taken from the lines 
supplying the boiler feed pumps. 

Piping and Valves.—All .cold-water pipes in. diameter and 
greater are cast iron; less than in. they are wrought iron, 
galvanized. Steam pipes greater than in. are wrought iron with 
rolled-steel flanges. Steam and hot water pipes less than in., and the 
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boiler feed pipes, are brass. Exhaust pipes in. and greater are 
cast iron; less than in., they are wrought iron. The drips from 
the exhaust separators are collected two cylindrical tanks which, 
when full, automatically sound high-water alarm. The tanks are 
then blown off the sump the end the main gullet. 

The gate-valves the 30-in. discharge pipes the low-lift pumps, 
and the 42-in. suction and 36-in. discharge pipes the pumping 
engines, are the Coffin make, electrically-operated, but designed 
that they may opened closed hand desired. foot-valves 
gate-valves have been placed the suction pipes the low-lift 
pumps, the valve the discharge pipe being closed when pump 
not running. set electrically-operated valves controlled from 
marble switch-board panel fitted with controllers and indicators. 
The gate-valves the steam lines and water lines, other than 
those just mentioned, are the Crane make, fitted with rising stems, 
those 2-in. and greater having outside screws and yokes. All valves 
except few the small ones are flanged. 

Water Meters.—All water metered. The raw water pumped 
the purification works passes through 48-in. Venturi meter, indi- 
cator and chart recorder being placed the head-house the purifica- 
tion works, and register and manometer the pumping station. All 
the filtered water pumped the pumping engines passes through 
48-in. Venturi meter, the register and manometer for this meter also 
being the pumping station. For supplying filtered water for the 
pumping station and purification works, line connecting with the 
force mains below the Venturi meter run back into the pumping 
station, where several branches are taken off, with meter each, 
supplying, respectively, the boiler feed make-up, the hydraulic elevator, 
the plumbing and other fixtures the building, the purification works, 
and the wash-water tank. The line last mentioned provides another 
means supplying filtered water the wash-water tank, and used 
when the wash-water pump not running, the flow being controlled 
automatically Golden-Anderson, altitude valve. 

Coal and Ash Handling Equipment.—For handling coal and ashes, 
Hunt industrial railway has been installed the coal pocket, boiler- 
room, and coal and ash tunnel. Ordinarily, the coal drawn from 
the coal pocket, through chutes and hand-operated outlet-valves, into 
charging cars the tunnel. The cars are raised direct-lift, 
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hydraulic elevator the boiler-room floor, and then pass over boiler- 
room track scale. times, coal also loaded hand and run directly 
from the coal pocket into the boiler-room. The ashes are raked out into 
tip cars the tunnel which are then taken out through the boiler-room 
and run over track the ash-dump where, for the present, they will 
used filling old gravel pit front the pumping station. 
The boiler-room, coal pocket, and tunnel have been designed that 
elevated coal bunker and conveyors can added desired, but, the 
boilers present have total capacity only 1200 h.p., was con- 
sidered that the expense this additional installation was hardly 
warranted. 

engine-room provided with 20-ton, Case, electric 
crane having span ft. in. and travel the full length the 
room. The crane fitted with 220-volt, slow-speed motors. With full 
load, the hoist has speed ft., the trolley 100 ft., and the bridge 
200 ft. per min., and total lift ft. 


Water Works. 


the description the water purification works, which follows, 
should noted that the problem purifying the water was not 
simply one filtration, but softening and filtration combined, and 
has required, therefore, not only mechanical filtration works, but soften- 
ing works addition. should also borne mind that the Scioto 
River water hard and times highly turbid, and, periods flood, 
changes its character very rapidly from hour hour, one especially 
troublesome feature being very rapid increase turbidity with 
correspondingly rapid decrease hardness. The works have been 
designed meet these conditions, and this account that various 
features the work are somewhat different from ordinary standard 
practice. 


Head-House. 


The head-house, where some the most important phases the 
operation the water purification works are controlled, located 
practically the center the purification works. The raw water 
pumped from the river first received the substructure this house, 
which essentially large gate-chamber. 

The superstructure three-story building, the first floor 
which are located the devices for controlling the flow water through 
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the substructure, the regulators for controlling the rate application 
the chemical solutions, the air compressor, and the motors for driving 
the stirring machinery the lime saturators. Access also had from 
this floor the saturator-house, storage-house, offices and laboratories, 
and filter gallery, and also the gate-house means under- 
ground passageway. The second floor given entirely nine large 
tanks which the chemical solutions are stored, and the dissolving 
and slaking tanks are the third floor. Sections through the head- 
house are shown Fig. 

substructure the head-house, which 
more less complicated design, and built concrete reinforced 
points, shown detail Plate VII. 

The operation will best understood following the flow the 
water. The raw water first admitted the raw-water channel, along 
each side which are located the so-called head-house weirs. One 
portion raw water passes over the lime weir, where milk lime 
added it, and then flows the lime saturators where converted 
into lime-water. Returning from the saturators the lime-water passes 
through two lime-water pipes into the two large raw-water chambers. 

second portion raw water passes over the raw-water weirs into 
the two raw-water chambers just mentioned, where mixes with the 
lime-water, the two then flowing into the mixing tanks. 

third portion raw water passes over the soda weir, where 
solution soda ash added, after which the raw water and soda 
solution flows out through the soda channel and thence into the mixing 
tanks the points shown Plate where mixes with the raw 
water already treated with lime-water. 

Returning from the mixing tanks, where the softening reactions 
largely take place, the water passes the softened-water conduit back 
through the head-house and out the settling basins, from which 
returns through the head-house again, this time the settled-water 
conduit, and passes the filter gallery. 

addition the weirs just mentioned, fourth weir, known 
the settling-basin weir, has been provided, over which, when desired, 
raw water from the raw-water channel can discharged into 
chamber and thence through 24-in. pipe out through the main divid- 
ing wall the settling basins, the object being admit small 
quantity raw water the softened water prior filtration, order 
eliminate traces caustic alkalinity. 
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Provision has also been made the substructure the head-house 
by-pass the mixing tanks, will seen referring Plate VII, 
raw water being admitted directly from one the raw-water chambers 
through 5-ft. sluice-gate into the softened-water conduit leading 


SECTIONS THROUGH HEAD-HOUSE 
Scale Feet 


Coagulant-— 
Lime Slaking Tank 


Storage-House Head-House 


the settling basins. Further, combination stop-plank open- 
ings the east end the main dividing wall the settling basins, 
shown Plate XI, possible by-pass the settling basins, the 
water flowing from the softened-water conduit into the settled-water 
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conduit and thence the filter gallery. the latter case, coagulant 
would added the raw water through grid placed the settled- 
water conduit, shown Plate VII. probable that, both 
mixing tanks were shut off, attempt would made soften the 
water during such time the tanks were out service. 

prevent flooding the first floor the head-house, accident 
the openings through which water would normally flow into the lime 
saturators and mixing tanks should closed, two overflows have been 
placed the south side the raw-water channel over which the water 
would flow into two chambers connecting with the softened-water con- 
duit and thence the settling basins where would cared for 
another set overflows connecting with the drain running the river. 
If, however, the settling basins were shut off from the head-house, the 
overflows last mentioned would service, and, prevent flood- 
ing, would require that the filters operated such rate 
eare for all the raw water pumped into the head-house. This latter 
condition seldom likely arise, and then only for short periods 
time, and, with little added care the part the filter attendant, 
trouble should experienced. 

The lower part the substructure reached from the first floor 
stairway, the foot which passageways lead the blow-off gal- 
leries the lime saturators and mixing tanks and the spiral stair- 
case the main dividing wall the settling basins. 

Head-House the exception the settling-basin weir, 
the head-house weirs are adjustable, movable flash-boards, from 
fixed minimum the maximum length. The settling-basin weir 
adjustable for its full length. Each flash-board consists plate held 
the outer end arm pivoted horizontal shaft, the arm, 
and thereby the plate, being raised lowered rod extending 
through the floor above. The total length the head-house weirs 
ft. in., but, this length, was expected that only ft. in., 
equal 100%, would use any one time. Each flash-board, 
with the exception two which have width in., has width 
in., corresponding the ft. in. The dimensions the 
weirs built are given Table 

The rods operating the flash-board arms are held guides, each 
guide being provided with locking device, that, after the weirs are 
properly adjusted for any condition the raw water, the adjustment 
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changed without the knowledge the person responsible 
charge the shift duty. With flow 30000 000 gal. per hours, 
the head the weirs would about 0.45 ft., and about 0.55 ft. with 
flow 000 000 gal. per hours. 


TABLE 7.—DIMENSIONS HEAD-HOUSE WEIRS. 


Weir. 


When the works were designed was thought that sufficient ad- 
justment the length the several weirs had been provided meet 
the varying conditions which were likely arise, but has 
result the operation the works during the last year, that 
greater adjustment necessary, and proposed modify the con- 
struction accordingly. 

Dissolving Tanks.—For dissolving the soda ash and coagulant, four 
tanks have been provided, two for each The tanks are 
concrete, rectangular plan, ft. long, ft. wide, and ft. in. deep. 
the coagulant tanks the material dissolved placed screen 
raised in. above the floor the tank, covering the whole width, and 
extending nearly each end the tank. the inlet end 
extends from the top the tank the bottom the screen, and 
the outlet end another baffle extends from the bottom the tank 
within in. the top, above which placed screen. Water, which 
can heated steam desired, admitted back the inlet baffle, 
passes down and under the horizontal screen, then through the 
material dissolved and off through the screen over the outlet 
The outlet from the tank also protected removable cylindrical 
screen, in. diameter and ft. in. long. The baffles and screens 
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copper. the soda tanks the arrangements are general 
similar, except that the false bottom, originally provided, has been 
removed and replaced with ejector-type heater produce suitable 
circulation the liquid the tank. 

Soda and Coagulant-Solution Tanks.—The soda and coagulant solu- 
tions are stored temporarily six large cylindrical tanks, three for 
each solution. The tanks are reinforced concrete, ft. in. 
diameter and ft. in. deep. The piping from the dissolving tanks 
arranged that either both the dissolving tanks for one the 
chemicals can discharge into any all the three solution tanks for 
the same chemical. Separate water connections are made for each solu- 
tion tank, that solutions the required strength can made up. 
Compressed air used for agitation, prevent stratification the 
solutions. 

Lime-Slaking and Solution Tanks.—The three lime-slaking tanks 
are reinforced concrete, and are ft. diameter and ft. in. 
deep. The lime and water are stirred, during the process slaking, 
vertical rakes carried horizontal arms and driven through gearing 
and silent-running high-speed chain 220-volt, 14-h.p. Crocker- 
Wheeler, variable-speed motor. After the lime slaked, the tank 
discharged into so-called lime-solution tank below, where, the 
addition more water, milk lime the required strength made 
up. There are three reinforced concrete lime-solution tanks, each 
ft. in. diameter and ft. in. deep. The milk lime 
agitated vertical shaft and horizontal paddles driven from the 
motor which operates the stirring rakes the slaking tank. 

Chemical Feed chemical solutions are fed auto- 
matically proportion the quantity raw water pumped into the 
head-house, this being accomplished specially designed chemical 
feed regulator, provided duplicate, and operated the difference 
head the up-stream end and throat the 48-in. Venturi meter 
located the raw-water force main just outside the head-house. 

Air Equipment.—Air, for use washing the filters, furnished 
Bury air compressor, placed the first floor the head-house. 
has rated capacity 100 cu. ft. free air per min. compressed 
gauge pressure per sq. in., and driven 15-h.p., 220-volt, 
Crocker-Wheeler motor. The compressed air, prior use washing, 
stored three tanks supported the roof trusses the saturator- 
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house, each tank being ft. diameter and ft. long, and built 
riveted steel plate. 8-in. air pipe runs from the air tanks 
the filter gallery, and, this line, passes through the head-house, 
placed Foster pressure-reducing valve, which maintains practi- 
constant pressure from lb. per sq. in. the outlet side 
may desired. The air tanks are sufficient capacity permit 
one filter being washed about every hours, for about min., 
maximum rate cu. ft. per sq. ft. per min. 


The six lime saturators are wing the main buildings just 
south the head-house, and are shown detail Plate IX. Raw 
water, which solution sus- 
pension milk lime has been 
added the head-house, brought 


out through the middle conduit 


the main dividing wall, and 


passes into each saturator through 


20-in. cast-iron pipe, branching Lime-Water 
Channel 


into four 10-in. pipes. Rising 
slowly through the 
lime-water produced and flows 
over the weirs into the lime-water 
channel and thence back the 
head-house and into the two large 
raw-water chambers, 
mixes with the bulk the raw 
water which softened. 
The saturators were designed 
about ft. per hour and 
gal. lime-water per hours. 
Construction Tanks.—The 
saturators are concrete, heavily 
reinforced, each tank being ft. 


square and ft. deep. The ISOMETRIC SECTIONAL ELEVATION 
SHOWING EXPANSION JOINT. 


bottom each saturator 
10. 
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the form four inverted cones, the center each which 
6-in. outlet for blowing off sludge. These outlets connect with pipes 
running the drain below the floor the blow-off gallery, the end 
each blow-off pipe being provided with 8-in., quick-opening, 
circular sluice-gate with lever handle. Each 6-in. outlet fitted with 
loose disk valve, operated from the top the main dividing wall 
that the four inverted cones may blown off separately. 

Stirring prevent the deposition the lime, and 
insure thorough mixing the lime solution with the water, the 
liquid the saturator agitated slightly. The agitators, which 
there are four each saturator, consist, the bottom, conical 
hoods, ft. diameter, steel plate, and carrying two arms 
paddles. The paddles are set about in. from the surface the 
conical bottom, and revolve slowly speed varying from 
rev. per min., may desired. are also provided the 
vertical shafts. 

The agitators are driven vertical hollow shafts 2-in. wrought- 
iron pipe, which turn derive their motion through bevel gearing 
and countershafts. line shaft, hung from the lower chord the 
roof trusses, belted the countershafts and jack-shaft. The 
agitators for each saturator are controlled friction clutches the 
line shaft. The jack-shaft driven through silent-running, high- 
speed, Morse chain variable-speed, 220-volt, Crocker- 
Wheeler motor. The motors for driving the machinery are dupli- 
cate, and are located the head-house. 


Storage-House and Mixing Tanks. 


The storage-house and mixing tanks, the details the latter being 
shown Plate are wing the main building just north 
the head-house, the southerly portion the mixing tanks being directly 
below the storage-house. There railroad spur each side 
the storage-house, the doors being spaced that six cars may set 
one time for unloading. 

storage-house consists one large room, 
ft. in. wide and 105 ft. long, and used for the storage the chem- 
icals used the softening and purification processes. The floor the 
storage-house, which serves also the roof for that portion the 
mixing tanks situated below, designed for live load 500 per 
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sq. ft., and, this basis, allow- 

ing space for the unloading and 

handling the chemicals, the 

weight 100 Ib. the 
floor the storage-house the 
bags are transported Jeffrey 
apron the third floor 
the head-house, where the solu- 
tions are made up. The con- 
veyor, which the center SHOWING EXPANSION 
the storage-house JOINT 
nearly its full length, driven 
18-h.p., Crocker-Wheeler enclosed motor, and has maximum 
carrying capacity bags per min. when running speed 
ft. per min. 

Tanks—The two mixing tanks, which the 
reactions largely take place, are peculiar construction, they are 
highly baffled, the arrangement the being such tend 
prevent sedimentation and keep the solids suspension rather than 
assist sedimentation. The operation the tanks follows: 

Raw water, which lime-water has been added the two large 
raw-water chambers.in the head-house, enters the tanks the surface 
the southerly end. Passing vertically downward, deflected 
under the first baffle, then rises vertically, passing over the second 
baffle, then downward again, and on. Another portion raw water, 
which the soda solution has been added the head-house, flows out 
through the channel the upper part the dividing wall, and 
then deflected laterally into two small channels over the down-stream 
edges which falls into the raw water which the lime-water has 
already been added. From this point on, the raw water, which has now 
been treated with both lime and soda ash, flows through the tanks 
the outlets, the mixture the raw water with the lime-water and 
soda solution being ensured the high degree baffling. 
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Under normal conditions, when treating 30000000 gal. per 
hours, period about hour will required for the water pass 
through the mixing tanks. Provision has also been made that the 
water may drawn off, desired, when has passed either one-half 
three-quarters the way through the tanks. When treating 
000 000 gal. per hours the mean velocity through the tanks 
about 0.37 ft. per and about 0.5 ft. per sec. when treating 000 000 
gal. per hours. 

designed, ¢he tanks were intended operated parallel 
only, but has been found desirable times operate them series, 
that is, pass the water through one tank and back through the 
other. This can accomplished the use temporary bulkheads, but 
changes the construction are contemplated that this method 
operation may easily permitted when desired. 

The tanks, which are constructed throughout concrete, rein- 
forced where necessary, are each 204 ft. in. long and ft. wide, and 
have water depth little more than ft., depending the quan- 
tity water passing through. The baffles are in. thick, and are 
ft. from center center, the chambers pockets formed the 
lower baffles being drained 6-in., quick-opening sluice-gates which 
discharge into the drain the bottom the main dividing wall. 

the were not designed withstand water pressure 
one side only, each lower baffle fitted with two 3-ft. rectangular 
flap-gates, hung bronze-mounted hinges and swinging openings 
through these baffles, the gates being heavy enough keep the open- 
ing closed when water flowing through the tanks under the ordi- 
nary conditions service, but swinging open under slight differ- 
ence head the two sides the baffle caused the opening 
the 6-in. blow-off gates. 

The dividing wall heavy cored construction, the upper passage 
soda channel supplying raw water and soda solution the tanks, 
previously mentioned. The middle passage softened-water conduit 
carries softened water from the outlets the tanks back the head- 
house and the settling basins. The lower passage blow-off gal- 
lery provides access the blow-off gates. 

order keep the floor the storage-house free operating 
stands, and also provide large openings, stop-planks, instead of. 
sluice-gates, are used for controlling the flow water the inlets 
and outlets the tanks. 
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Settling Basins. 

The general plan the six settling basins shown Plate ITI, 
and Plate shows the details the embankments, walls, and gate- 
house. The six basins have total capacity approximately 000 000 
gal., equivalent hours’ subsidence when the purification works 
are running their normal capacity. 
The water varies from ft. 
depth, the average being about 
ft. The basins are operated 
the continuous plan, that is, water 
admitted continuously one end 
and drawn off the other. The 
normal water line Elevation 
61.0, ft. above the normal 
water line the filters. Should 
pumping cease, would possible 
draw the basins down about 
Elevation 58.0 before would be- 
come necessary shut down the 
filters, due lack water. The 
volume thus drawn would about EXPANSION JOINT 
2700000 gal., quantity sufficient 12. 
supply the filters for little more than hours. 

Embankments and Floors—The embankments are composed 
mixtyre gravel and loamy clay, 6-in. layers, and well rolled. 
For water-tightness, dependence placed lining clay puddle, 
in. thick the bottom and lower part the slope, and in. 
thick the upper part. The puddle, which was mixed rather wet 
and the proportion volume clay volumes gravel, was 
placed 6-in. layers and rolled with grooved roller until hard. 
the bottom and lower part the slope the puddle protected with 
6-in. concrete floor, and the upper part the slope with limestone 
paving, in. thick, bedded ft. screened gravel. 

Lateral Dividing and Baffle Walls.—The lateral dividing and baffle 
walls are concrete. The lateral dividing walls have gravity sec- 
tion, and the walls are stable against wind pressure when the 
basins are empty, but neither the walls was designed resist ice 
pressure. the foundation under the dividing wall separating Basins 
Nos. and ft. ft. 6-in. drain has been built, connecting the 
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blow-off conduit the main dividing wall with the drain running 
the diverting chamber and the river. 

main dividing wall also concrete, 
and its rather complex design illustrated Plate XI. The wall 
serves, not only dividing wall, but also control the flow water 
the several basins and the return the filters. The operation 
the basins may best followed referring Plates III and XI. 

Softened water, its return from the mixing tanks, passes through 
the head-house and admitted the softened-water channel the 
east end the main dividing wall. From this channel the water flows 
out through openings into Basins Nos. and passes under deflectors 
order interrupt surface currents, around the baffle walls, and 
back through other openings into the channel. The water then follows 
similar course through the other basins until reaches the west end 
the channel, where passes down through openings into the settled- 
water conduit and thence back through the head-house the filter 
gallery. The course the water controlled wooden gates, held 
grooves and operated from the floor above. 

also possible operate the basins different way, namely, 
admit water all them once, instead each set two 
basins series, just described, this being accomplished raising 
all the stop-gates the softened-water channel except those the 
extreme west end, and closing all the outlets from the basins the 
channel. Settled water would then drawn off from each basin 
through opening connecting with the settled-water conduit. 

lead-lined, iron pipe extends practically the full length 
the softened-water channel, with grids located that the coagulant 
added just before the water enters each set two basins, 
just after leaves the last two basins its way the filters. The 
grids are copper pipe with special composition valves and fittings, 
and are perforated with holes, in. from center center each 
way. 

has been found desirable able add coagulant two 
different places the same time, and, while this can accomplished 
with the work built, impossible tell just how much coagulant 
being added each grid. overcome this difficulty, rearrange- 


ment the coagulant piping made, that the discharge from 
each grid can measured accurately. 
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mentioned previously, provision has been made for admitting 
small quantities raw water the softened water, prior filtration, 
order eliminate traces caustic alkalinity. 24-in. vitrified 
raw-water pipe, connecting with the adjustable settling-basin weir 
the head-house, embedded and extends the full length the main 
dividing wall and has four outlets, controlled sluice-gates, for ad- 
mitting water the softened-water channel. each expansion joint 
the wall, short length riveted steel pipe was used place 
vitrified pipe. 

The lower conduit channel the main dividing wall serves 
blow-off drain for emptying the basins. This blow-off conduit 
also connected with the drain chambers the basins, that the upper 
ft. water basin can first drawn off the diverting 
chamber and raw-water suction well, and re-pumped the other basins 
before the basin drained out the bottom. 10-in. flushing main 
hung from the top the blow-off conduit, branch line with several 
24-in. hose-valves extending out into each basin. 

main dividing wall surmounted long 
brick gate-house extending practically the full length the dividing 
wall. addition the doors each end, the gate-house may 
reached spiral staircase and underground passageway connecting 
with the passageway the foot the stairway the substructure 
the head-house. For raising and lowering the wooden gates con- 
the flow water the softened-water channel, two 1-ton, 
Case, hand, traveling cranes have been provided. 


Filter Gallery. 


The filter gallery the wing the main building east the 
head-house, with the filter tanks ranged either side the gallery 
and supported the roof the filtered-water reservoirs. Between 
the filters there reinforced concrete operating floor, below which, 
and between the walls the filtered-water reservoirs, the pipe 
gallery. 

Filter Tanks—The present installation includes ten filters, the 
details which are shown Plate each having normal ca- 
pacity 3000000 gal. per hours. The filter tanks are concrete 
heavily reinforced, each being constructed monolith. Their 
inside dimensions are ft. in. wide, ft. in. long, and ft. 104 
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in. deep the center. Each has net filtering area 1088.9 sq. ft., 
0.025 acre. The filters are designed the basis normal rate 
filtration gal. per sq. ft. per min., but can operated rate 
50% greater than the normal, desired. 

Extending down the middle each tank there central gutter, 
ft. in. wide and ft. in. deep, which divides the filter into two 
separate parts. each side and connecting with the central 
gutter there are six lateral gutters, ft. in. from center center. 
The edges these lateral gutters, for distance ft. in. back 
from the central gutter, are raised that water will flow over them 
these points, thereby reducing the quantity wash-water which the 
lateral gutters will have carry, and tending produce more uni- 
form rate discharge the wash-water from the surface the filter. 

Strainer System.—The strainer system each filter divided into 
eight units, the water passages each unit consisting series 
lateral channels connecting with main collector and built monolithic 
with the floor the tank. The strainers are held slabs fine con- 
crete, the slabs being constructed separate moulds and then bedded 
mortar the walls separating the water passages. The strainer 
slabs are held down prisms ridges built place, 
lapping over the edges the strainer slabs and anchored the floor 
the tank bent twisted-steel rods. The strainers consist circular 
brass plates, No. 16, gauge, depressed the center and pierced 
with holes, in. diameter. strainer bedded thin 
paste red lead, and held place brass bolt and brass clip, 
the clip turn being held the strainer slab. There are 
strainers each filter, in. from center center each way, the total 
area the holes the strainer plates one filter amounting 1.96 
sq. ft., 0.18% the filtering area. The strainer system was designed 
for the application wash-water average rate gal. per sq. ft. 
per min. under net head about ft., but maximum rate 
gal. per sq. ft. per min. can obtained, desired. The effluent piping 
below the filter arranged that the friction loss from the outlet 
the center each the eight units the beginning the main 
effluent pipe the same. 

Air System.—In addition water, air can used washing the 
filters. main air pipe cast iron, in. diameter, supported 
above the central gutter, and, from outlets the bottom, branch pipes 
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extend down through the walls the central gutter and connect with 
the lateral air pipes the filter. These lateral pipes, which are in. 
from center center and are supported above the ridges holding down 
the strainer slabs, are in. outside diameter, and are drilled the 
under side with holes in. from center center. All the air 
pipes except the 10-in. main are brass. The air system was designed 
for maximum rate cu. ft. free air per sq. ft. per min. 
Filtering filter gravel, which was screened and 
washed, placed four layers, graded size, the coarsest, No. 
being the bottom. The sizes and thicknesses the layers gravel 
are given Table The material was brought from Cape May, 


TABLE 8.—FILTER GRAVEL. 


Size. Thickness. 


in. 


The filter sand, which supported the filter gravel, has total 
thickness ft. in. The material crushed sandstone, screened 
and washed, and was obtained from the Millwood White Sand Com- 
pany, Millwood, Ohio. The analysis the sand given Table 


TABLE 9.—FILTER SAND. 


Effective size 

Uniformity 
Amount finer than 0.25 
Amount finer than 0.8 

Amount finer than 1.0mm........... 

Specific gravity 

Lime (Ca 0), mm.. 


Pipe Gallery and Operating Floor—The arrangement the pipe 
gallery shown Plate XII. The main piping cast iron, with 
the exception the 48-in. raw-water supply, which riveted steel. 
might well state that the filter gallery the pipes supplying 
water the filters for filtration are called raw-water supply pipes, 
although normally they carry softened, settled water. This name was 
adopted solely order avoid confusion the operation the 


mare. 
iP 
0.52 per cent. 
94.5 per cent. 
3 


IMPROVED WATER AND SEWAGE WORKS, COLUMBUS, OHIO [Papers. 


filters, and, for general purposes, was considered better than the term 

influent. The small piping wrought-iron, brass, lead, depend- 
ing the service. The valves used operating the filters are all 
flanged, and are operated hydraulically. 

the operating floor front each filter there marble operat- 
ing table fitted with four-way cocks, with extension stems and lever 
handles, for controlling the opening and closing the hydraulic 
valves. indicator front each lever handle shows the position 
the valve, whether open, closed, partly open. loss-of-head gauge, 
mounted the table, shows the elevation the water the filter and 
the effluent pipe, and also the difference between the two, the loss 
head. Samples the settled water and the filtered water can 
pumped two small electrically-driven centrifugal pumps into the 
bowl the operating table. 

The discharge each filter controlled filter controller which 
maintains automatically uniform rate filtration. The controller 
the closed type, self-contained, requiring auxiliary device 
for its operation, was designed especially for the Columbus works, and 
operates under net loss head about ft. The controller ad- 
justable means operating stand the floor above, and has 
capacity ranging from minimum 1000000 maximum 
500 000 gal. per hours. 

Water for washing the filters supplied from elevated tank 
located between the pumping station and the purification works. The 
rate application the wash-water can controlled wash-water 
controller located the main wash-water pipe the west end the 
pipe gallery, can controlled hand the operating table. 
The controller similar design the filter controller, and has 
maximum 16000000 gal. per hours, with net loss 
head about ft.; the dial the operating stand, however, gradu- 
ated read the rate application the wash-water the filters 
gallons per square foot per minute. 

The equipment for supplying air for washing the filters has already 
been mentioned. The rate application the air wash controlled 
gate-valve the main air pipe the west end the gallery. 
means the pressure-reducing valve, constant pressure main- 
tained the up-stream side the gate-valve, and, opening 
closing the main valve, from the operating stand the floor above, 
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the flow air controlled. The dial the operating stand gradu- 
ated indicate the raté application the air the filters cubic 
feet per square foot per minute. 

the west end the filter gallery there gauge board which 
mounted recording gauge showing the level the water the 
wash-water tank, recording gauge showing the pressure the air 
the air tanks the saturator-house, and gauge showing the 
pressure the air the main air pipe the down-stream side the 
air-controlling valve. Mounted this board, also, there are four glass 
tubes through which samples the river water, softened water, settled 
water, and filtered water can observed, being supplied small 
pumps located the pipe gallery below. These pumps also supply 
samples the four kinds water the laboratories above. 


Filtered-Water Reservoirs. 


compensate for the hourly and also daily variation the rate 
pumping into the distribution system, the city being direct service, 
previously mentioned, two covered filtered-water reservoirs have been 
constructed. The reservoirs, throughout, are concrete, the construc- 
tion being the groined-arch type, general similar that adopted 
for covered reservoirs elsewhere. reservoir 219 ft. in. long, 
214 ft. in. wide, and ft. in. deep, and, with water ft. 
depth, has capacity approximately 5000000 gal., the two having 
total 000 000 gal., equal about hours’ supply when the purifi- 
works are operated rate 000 000 gal. per hours. The 
plan the reservoirs shown Plate and and 
cross-sections reservoir Plate XIV. 

floor, which has minimum thickness in. midway 
between the piers, was built two layers, the lower layer having 
thickness in. throughout. The joints were made the diagonal 
lines between the piers, the joints the upper layer lapping over those 
the lower layer about in. 

walls adjacent and forming the sides the pipe 
gallery are built with plumb faces, and are reinforced both vertically 
and longitudinally. The east wall each reservoir plumb the 
inside and battered the outside, and such design that will 
serve future dividing wall when the works are extended. The 
remaining length wall, except immediately under the west walls 
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Filters Nos. and has section similar one-half the cross- 
section large aqueduct. 

about three-fourths the area the reservoirs 
the groined arches have clear span ft. in., rise ft. in., 
and thickness in. the crown, the piers being in. square. 
Over the remaining fourth the area, the span the arches reduced, 
being ft. in. one way and ft. in. the other, with piers ft. 
square. The vaulting over this area level top, in. thick the 
crown the arch, and reinforced with square, twisted-steel 
rods in. from center center each way. The filter tanks are built 
top this portion the vaulting, the piers being located 
come under the walls and central gutters the tanks, where the loads 
are the heaviest. The vaulting covered with 4-in. layer clay 
puddle, with ft. filling above. 

Baffle baffle wall each reservoir in. thick, rein- 
forced with square twisted-steel rods in. from center center 
each way, and extends from the floor the vaulting. The walls are 
keyed into the piers, the section between each two adjacent piers being 
built monolith. 

Pipe Connections and Overflows.—Filtered water admitted 
each reservoir the west end the pipe gallery, and drawn off 
the opposite side the baffle wall from the inlet, into 36-in. filtered- 
water pipe. The two filtered-water pipes are brought together 
valve chamber where they connect with 48-in. pipe opening into 
the 5-ft. filtered-water conduit running the filtered-water suction 
well north the pumping station. 

reservoir provided with overflow, the crest being 
Elevation 50.0, ft. below the normal water line filters. 


Offices and Laboratories. 


That portion the wing the main building east the head- 
house and lying between the head-house and the filter gallery two 
stories height, with basement below, and this point the main 
entrance the purification works The first floor the 
same level the floor the filter gallery, and contains locker-room, 
lavatory, and storeroom. the storeroom located machine for 
producing gas for use the laboratories. The general office, private 
office, the bacteriological and chemical laboratories, and preparation- 
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room, are the second floor. The basement reality the west end 
the pipe gallery, and through pass the pipe lines connecting the 
substructure the head-house with the filter gallery. 


Wash-Water Tank, Shelter, and Tool-House. 


Midway between the pumping station and saturator-house there 
elevated tank, with shelter and tool-house below. 

Wash-Water tank ft. diameter, inside, and 
ft. deep, and with water ft. depth has capacity 104000 
gal., sufficient wash two filters, one immediately after the other, 
rate gal. per sq. ft. per min. for period min. each, making 
for the quantity supplied the wash-water pump during 
the period washing. The floor the tank Elevation 77.0, 
about ft. above the ground and ft. in. above the top the 
gutters the filters. The tank reinforced concrete, with 12-in. 
walls, and supported concrete columns. 

Shelter and space below the tank divided into 
two floors; the upper floor contains storeroom, and also lavatory 
and locker-room for the use the laboring force employed unloading 
coal and chemicals, cleaning the intake screens and settling basins, 
cutting grass, ete. The ground floor used small stable, provision 
being made for keeping two horses; this floor used also store- 
house for tools. 

CoNSTRUCTION 


The walls the main building and gate-house are brick, faced 
outside with red pressed brick. the gate-house, and the saturator- 
house, storage-house, and third floor the head-house the main 
building, the walls are lined inside with hard red brick; the other 
parts the main building the walls are finished with hard wall 
plaster. The ceilings the offices, laboratories, preparation-room, and 
third floor the head-house are plastered expanded metal fastened 
the lower chords the roof trusses. The water-tables, belt-courses, 
lintels, and copings are concrete the same character 
that used the pumping station. 

The floors, columns, and stairways are reinforced concrete. The 
roof trusses are all steel, the covering being slate laid 3-in., 
hollow, terra cotta tile. the gate-house, storage- 
house, and filter gallery, the tile plastered the under side. The 
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buildings are lighted throughout with electricity, and the main building 
heated with steam. 


CoNCRETE. 


the construction the work, concrete, both plain and reinforced, 
was used extensively, the total quantity the pumping station, purifi- 
cation works, and adjacent structures amounting 560 cu. yd. The 
average price paid for the above amount was $7.27 per cu. yd. The 
relative volumes cement, sand, and ballast each mixture con- 


and the corresponding character work which the mixture 
was used, were follows: 


belt-courses, window-sills, lintels, filter, 
solution, dissolving, and wash-water tanks; reinforced floors, 
roofs, stairways, and steps. 

buildings and piers wash-water tank; 
filtered-water reservoirs, lime saturators, mixing tanks, and 
substructure head-house; settling basins, except lateral 
dividing and baffle walls; walls general, conduits, and mis- 
cellaneous small structures. 

dividing and walls settling basins; foot- 
ings, and foundations for machinery and chimney. 


The specifications permitted the engineer change the relative 
volumes the sand and ballast each mixture, while keeping the 
aggregate the two the same, and this was sometimes done, but 
general the proportions given above were used. Ordinarily, the con- 
crete was mixed very wet. 


The ballast was screened into three sizes: No. No. 


14-in.; and No. 3-in. ordinary work mixture the 


three sizes was used, but, considerable amount the reinforced 
work, the No. ballast was omitted, and frequently only the No. 
ballast was used, particularly thin vertical work and the lower 
parts beams and horizontal reinforced work, order insure 
good bedding the square, twisted-steel rods. 

Expansion joints were built throughout the work where necessary. 
Where subject the action water which had been treated with lime 
and soda, the expansion joint consisted tongue and groove the 
concrete, with steel plate bedded and anchored one side the 


joint and greased the other; other places the tongue and groove 
only was used. 
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From the pumping station the purified water pumped the city 
through two lines 36-in. cast-iron force mains point opposite 
the old West Side Pumping Station, where connections are made with 
the existing distribution system, Venturi meter being placed each 
connection. 36-in. branch also connects with the suction wells 
the old pumping station, that filtered water can pumped from this 
station case shut-down the new pumping station, the two 
36-in. force mains being arranged the new pumping station that 
they can operated gravity mains from the water purification works. 
While not planned run the old station, this method operation 
was very serviceable furnishing the city with partial supply 
filtered water before the new pumping station was entirely ready 
for use. 

The main approach the new works from the city the Dublin 
Pike, country road, which the force mains are laid. the road 
was bad condition, and one two stretches were sometimes under 
water during periods flood the river, the opportunity was taken 
improve the time the force mains were laid, regrading it, 
macadamizing the surface, and fencing along the embankment 
portions. 

Cost Work. 


Table gives the total cost the work such detail that further 
description hardly needed, and Table gives the unit costs the 
main features the work. attempt has been made distribute 
the cost engineering over the several parts the work, 
believed that the figures are greater value than they 
percentage for engineering. 


The first bond issue was authorized November, 1904, and the 
preparation the first drawings and specifications was commenced 
shortly after. The purification works were placed under contract 
June, 1905, the machinery and equipment for the pumping station 
September, 1905, the pumping station and connections July, 1906, 
and the force mains connecting with the city October, 1907. Raw 
water was first pumped the purification works July 2d, 1908, and 
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TABLE 10.—Cost River AND WATER 
Works AND CONNECTED THEREWITH. 


RAILROAD SPUR Works AND Pump- 
Track Scales. 
Scales and track.......... 


WALKS, GRADING, AND DRAINAGE GROUNDS. 
Roads, walks, and grading..... 


SUPPLY CONNECTIONS FROM RIVER 


PuMPING STATION. 
Intake, river gate-house....... 
Gate-House. 


160 cu. ft. 


Superstructure.. 
Screening 


Raw-water suction 
suction pipes pumping station, 

110 ft. 
Ground-water drains 


FILTERED-WATER CONNECTIONS FROM 


FICATION WORKS PUMPING STATION. 
5-ft. Filtered-water lin. ft. 
Filtered-water suction well 
42-in. suction pipes pumping lin. ft. 


48-In. MAIN AND METER. 


48-in. Venturi meter aud 


DRAIN AND BRANCHES. 
Drains. 


Branch drain from settling basins, 3-ft. 


250 lin. ft. 


Branch drain from saturator house, 30-in., 


190 
Branch drain, boiler blow-off, ft. 


Main drain, twin section, ft. 6-in., 


diverting chamber............ 350 lin. ft. 
Main drain, 3-ft. in., diverting 

chamber river 280 lin. ft. 


Diverting Chamber and Conduit. 
Diverting chamber 


Diverting conduit, ft. 6-in....... 


SEWERS AND SEWAGE DISPOSAL. 
Sewers. 


Main sewer, 8-in., purification works 


drop-manhole.. 670 lin. ft. 

lin, 


Sewage Disposal. 
Septic Tank.. 


Drains 


770 


— 
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360 
310 
560 
Carried $48 410 
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TABLE 10.—(Continued.) 


MISCELLANEOUS PIPING. 
By-pass filtered-water suction well, 16-in., 

ater 6-in., pumping station 

Wash-water, 10-in., pumping station 

Hydrant connections force mains............ 


TELEPHONE, ELECTRIC AND STEAM CONDUITS AND 


PUMPING STATION. 


Chimney. 
diam., 160 ft. hig 


and Equipment. 


mps. 

triple-expansion pumping 

Engine-driven centrifugal pumps..... 


Electric generating units and 
Boilers and Accessories. 


Surface condenser and vacuum pump...... 


ing. 
Steam, feed and drain piping ............ 


wv 
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Electric main, pumping station intake gate- 
Telephone conduit, 2-duct, Dublin Pike 
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TABLE 10.—(Continued.) 


$524 140 


Water Works. 


Settling 000 gal. 
Lining. 

Puddle........ 


Walls. 


Main dividing ft. 
Lateral dividing lin. ft. 
Deflectors and drain 


Pipi 

main and 

Coagulant piping and 

Hand traveling cranes......... 


Head-House. 
900 cu. ft. 


Piping, valves, and 
Iron and steelwork..... 


000 cu. ft. 


Equipment 

Dissolving tanks........ 
Slaking tanks........... 
Solution tanks.. 


eee 


Air 


Lime-Saturator House. 
Steel 
Iron and steelwork.. 

Stirring machinery... 


Papers 


Brough 


Mix 


960 
830 980 
Piping, regulators, and 610 430 
Air-Wash Equipment Head and Saturator 


Papers.] WATER AND SEWAGE WORKS, COLUMBUS, OHIO 


TABLE 10.—(Continued.) 


(Continued). 

Mixing Tanks, 270 000 gal. 
Concrete and brick masonry.............. 
Piping, valves and stop 


Storage House. 


Office and Laboratory. 
Substructure. 
Steel reinforcement 


100 cu. ft. 
Furniture and Equipment 
Furniture and fittings......... 
Laboratory 


Filter 

Concrete and brick masonry ............ 


Wash-water controller and by-pa 
Gauge-board, sampling devices, connec- 


Filtered-Water Reservoirs, 2.......10 000 000 gal. 
Puddle water- proofing 
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TABLE 10.—(Continued.) 


Brought forward. 


WATER PURIFICATION 


Wash-Water Tank and Pipe, and Shelter and 
Tool- House. 


Wash-water tank... 000 
650 


Shelter and tool-house under tank. .34 700 cu. ft. 


Wash-water pipe, 30-in., from tank 


Expenses Unclassified. 


Total Cost Works, Exclusive Connec- 


connection old West Side 

20-in. 24-in. Venturi meters 


Total Cost, Exclusive Engineering 


ENGINEERING, 7.75 per cent. 
Pay-roll 


Work, exclusive pumping station and water purification works......... 490 


Total cost works, exclusive connections city and exclusive 


950 


3 
4 


960 
020 582 480 
SuMMARY. 


TABLE 11.—UNIT Cost MAIN FEATURES WORK. 


Work. 


+Main buildings, water purification 


Water purification works 
Wash-water tank, pipe, and 
Supplies for preliminary 


t 


Capacity. 


gal. 
gal. per hours 
gal. 


Unit cost. 


10.1 cents per cu. ft. 
9.2 cents per cu. ft. 
$11 250 per million gallons. 
620 per million gallons per hours. 
800 per million gallons. 
830 per million gallons, 


000 000 gal. per hours 


*Includes superstructure and substructure building. 


per million gallons per hours. 


+Includes superstructure head-house, saturator house, storage house, office and laboratory. and filter gallery. 
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Operation for January, 1909. 


Total Caustic Bacteria Presumptive Coli 


Coagulant Sulphate iron sulphate alumina. 
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Operation for February, 1909. 


ANALYTICAL RESULTS, PARTS PER MILLION. BACTERIOLOGICAL TESTS. 


Total Total Magne-| Bacteria per Presumptive Coli 


Coagulant Sulphate iron sulphate alumina, 
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APPLIED CHEMICALS. 


Present. Not present. 
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—Records Operation for April, 1909. 

Total Total Caustic Incrust- |Magne- Bacteria Presumptive Coli 

hardness. alkalinity. alk. ants. sium. per tests. 


Coagulant Sulphate iron sulphate alumina. 
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ion for May, 1909. 


Records Operat 


ANALYTICAL RESULTS, PARTS PER MILLION. 
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Coagulant Sulphate iron sulphate alumina. 
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—Records Operation for June, 1909. 
ANALYTICAL RESULTS, PARTS PER MILLION. BACTERIOLOGICAL TESTS. 
Total Total Caustic Incrust- Magne- Bacteria Presumptive Coli 
hardness. |alkalinity.| alk. ants. sium. per tests. 


Coagulant Sulphate iron sulphate alumina. 
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Operation for July, 1909. 
PARTS PER MILLION. 
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Operation for August, 1909. 


ANALYTICAL RESULTS, PARTS PER MILLION. BACTERIOLOGICAL TESTS. 


Total 
hardness. 


Inlet sett. basin. 
Settled water. 


101 
245)100) 98 
230) 


Filtered water. 
River water. 


alkalinity. alk. 


Total Caustic Magne-| Bacteria Presumptive Coli 


Incrustants. sium. per tests. 
River Filtered 
water. water. 


Inlet sett. basin. 
Settled water. 
Filtered water. 

Inlet sett. basin. 
Settled water. 
Filtered water. 

Mono. carb. alk., 
filtered water. 
River water. 

Inlet sett. basin. 
Settled water. 
Filtered water. 

River water. 
Filtered water. 
River water. 
Settled water. 
Filtered water. 
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Coagulant Sulphate iron sulphate alumina. 
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August 17th, 1908, partial supply filtered water was begun, the 
filtered water being run gravity the old West Side Pumping 
Station and pumped from there. ‘October 28th, 1908, the old West 
Side Pumping Station was shut down, the old East Side Pumping 
Station having been shut down shortly before, and since this date the 
city has been supplied entirely with filtered water from the new works. 
Filtration began regularly August 19th, 1908, and softening 
September 22d, 1908. 
The principal contracts for the work were: 

Water purification works........ Westwater and Casey. 

Machinery and equipment.......The Holly Manufacturing Company. 
Pumping station and Westwater and Casey. 

force mains........... Westwater and Casey. 


OPERATION. 


The daily records the results operation the water purifica- 
tion works for the eight months, January August, 1909, inclusive, 
are presented Table 12. The writer has not been charge opera- 
tion, his direct connection with the works having ceased January 
1909, and is, therefore, through the courtesy the Engineer and 
Chief Chemist the works that enabled present these results. 
detailed discussion the methods operation and the results 
not within the province this paper, and, therefore, the writer will 
not enter into this phase the subject, but hopes that full discussion 
may presented those having direct oversight the works. 

The problem softening and filtering the Scioto River water 
exceedingly complex one, the water subject times rapid 
fluctuations turbidity, color, alkalinity, and incrustants, and the 
portion magnesia serving coagulant. Following heavy rains the 
turbidity rapidly increases while the hardness correspondingly decreases. 
Further, some the turbidity the settling basins undoubtedly 
due precipitates coming from the applied chemicals. 

From examination the data Table will seen 
that the river water unusually difficult one handle. While 
may noted that times somewhat abnormal results have been 
obtained, such occasional results are expected plant 
passing through its first year service, especially when treating 
water similar that the Scioto River reference which there 


Pape 


was 
met. 
the 

sett 


tior 
tha 
sui 


its 


Papers.] WATER AND SEWAGE WORKS, COLUMBUS, 


was available very limited amount information the best 
method treating the water under variable conditions, was the case 
Columbus when the works were designed. The bacterial removal, 
rule, has been very satisfactory, but some instances the numbers 
the filtered water have been very high, due bacterial growths the 
settling basins, the filters, both. 

While, from the experience obtained during the first year service, 
has been found that for greater ease operation some few modifica- 
tions would desirable, the results obtained demonstrate conclusively 
that the design the works sound one, and that the works are 
capable producing perfectly satisfactory, purified water, 
suitable all respects for public water-supply purposes. The quality 
the water furnished from the works has given excellent satisfaction 
among the water consumers, and has caused the abandonment large 
number rain-water cisterns throughout the city. 


IMPROVED SEWAGE WORKS. 

Before describing the sewage works which have recently been com- 
pleted Columbus, will well outline briefly the sewerage 
system the city and explain the sewage problem which presented 
itself for solution. 

Sewerage topography Columbus such that, 
the collection the storm-water and dry-weather sewage, the city 
divided naturally into three districts: the East Side Sewer District, the 
Intercepting Sewer District, and the West Side Sewer District. The 
outline these districts shown Fig. 

The East Side District sewered the combined system, with 
outlet sewer East Main Street emptying into Alum Creek, which 
turn discharges into the Scioto River few miles below Columbus. 

The Intercepting Sewer District sewered largely the combined 
system, the outlets the numerous main sewers being along the east 
bank the Olentangy and Scioto Rivers. The dry-weather flow 
the combined system, however, intercepted and discharged into 
intercepting sewer which starts the north end the city and runs 
south along the east bank the two rivers, the outlet formerly being 
the east bank the Scioto River about miles below the center 
the city. 

The West Side District sewered largely the separate system, 
the sewer outlets being along the west bank the Scioto River. The 
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dry-weather flow the combined sewers, however, intercepted and 
discharged into the sanitary system. 

the West Side District portion the ground low, and, 
the past, during periods high water the river, some the sewers 
have overflowed, flooding certain the streets and numerous cellars. 
previously stated, the discharge sewage into Alum and the 
Scioto River during periods low water had been the cause offensive 
conditions. 

Outline Sewage should mentioned here that 
public water supply taken from the Scioto River below Columbus. 
Portsmouth, Ohio, 100 miles from Columbus, where the Scioto 
discharges into the Ohio River, however, the water supply taken from 
the Ohio, but point some distance above the junction the two 
rivers. 

From the brief description conditions just given, will seen 
that the sewage problem resolved itself first into the elimination the 
direct discharge sewage into Alum Creek and the Scioto River, which 
could accomplished the construction purification works one 
more points, which the treatment the sewage would such that 
the effluent, discharged into either Alum Creek the Scioto River, 
would all times non-putrescible, and second, the prevention the 
overflowing the sewers the west side. 

Preliminary first step taken toward the solu- 
tion the sewage problem was joint investigation made Julian 
Griggs, Am. E., Chief Engineer the Public 
Improvements, and John Alvord, Am. E., Consulting 
Engineer. Their report, which was made May, 1898, was based 
the best information then available, and the several projects which 
they studied involved all the well-known methods purification which 
had received consideration, not only the United States, but Eng- 
land. Their recommendation, brief, besides extensions and improve- 
ments the sewerage system and the construction pumping stations 
necessary deliver the dry-weather sewage the purification works, 
was the screening the sewage and its double filtration through coke 
net rate 500 000 gal. per acre per hours. The works proposed 
were treat 000 000 gal. sewage per hours, but was advised 
that only acres the coke beds, practically contact filters, built 
the start, and that these beds then operated for year under 
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expert supervision, after which, from the practical experience gained, 
the remaining beds were constructed. 

further action was taken, after the submission the report 
Messrs. Alvord and Griggs, until 1901, when Mr. Rudolph Hering was 
asked review the whole sewage problem. May, 1901, Mr. Hering 
reported favor the construction septic tanks followed inter- 
mittent filtration through sand, endorsing also the previous recom- 
mendation that portion only the works constructed first and 
operated for period least one year before designing and construct- 
ing the remainder. Mr. Hering also endorsed the made 
Messrs. Alvord and Griggs relative the construction pumping 
stations and the revisions and extensions the sewerage system. 
was not until November, 1903, however, that the first funds were pro- 
vided that the carrying out the sewage improvements was 
assured. 

Experimental the previous investigations and 
studies, the general character and scope the various parts the 
improvement had been reasonably well outlined, but the engineers were 
confronted with the problem designing purification works part 
which was built and operated experimentally for year, and 
which must arranged fit integral part the perma- 
nent construction. After further thought and study, was concluded 
that would wiser plan make extended experimental 
investigation, practical scale, the various methods sewage 
purification, for period least one year, order determine the 
most efficient and economical method, and then design the purifica- 
tion works accordingly. The co-operation the City Council was 
therefore asked, and very generously responded appropriating 
the sum for experimental purposes. Immediately following 
this appropriation, sewage testing station was designed and built, 
which, from August 16th, 1904, July 30th, 1905, various methods 
sewage purification were studied exhaustively. not the purpose 
this paper discuss the results this investigation, full report 
which has already been published,* will sufficient state the 
indications the experimental work, namely, that, under the local 
conditions, the Columbus sewage could treated most satisfactorily 
and economically purification works comprising septic tanks, 


Sewage Purification Columbus, Ohio, 1905, George Johnson, Assoc. 
Am. 


: 
| 


WATER AND SEWAGE WORKS, COLUMBUS, OHIO [Papers. 


sprinkling filters, and settling basins, and this method was therefore 
adopted. While the investigation showed that satisfactory results could 
obtained preliminary clarification and subsequent filtration 
through also showed, for the first time the United States, 
that sprinkling filters could operated northern climate and 
produce satisfactory effluent less cost than any other type 
filter. 

Brief Outline preliminary investigations made 
Messrs. Griggs, Alvord, and Hering, and subsequent ones made the 
engineering organization, indicated that would most advisable and 
economical build and operate one purification works rather than two, 
and that the most feasible site for the works was the Scioto River 
south the city. 

Briefly stated, the dry-weather flow the whole city brought 
one point, where pumping station, known the Main Sewage Pump- 
ing Station, has been built. accomplish this result, has required 
the construction small pumping station near Alum Creek, known 
the East Side Sewage Pumping Station, where the sewage from the 
East Side Sewer District intercepted and pumped through force 
main discharging into the upper end one the main sewers the 
Intercepting Sewer District, the extension the intercepting sewer 
across the Scioto River, and the construction new sanitary sewer 
connecting with the West Side Sewer District, and the reconstruction 
portion the sewerage system that district. From the Main 
Sewage Pumping Station the sewage pumped through force main 
sewage purification works where the sewage treated, the effluent 
from the works passing into the Scioto River. The Main Sewage 
Pumping Station also arranged pump storm-water from the West 
Side, one the storm-water sewers having been extended the pump- 
ing station. addition, the work has included about 2.55 miles 
levee construction, railroad spur, 1.85 miles length, and single- 
track railroad bridge across the Scioto River. The location the 
various parts the work are shown Fig. 


East Sewace Station Force 


The East Side Sewage Pumping Station located the south 
side East Main Street and about 400 ft. west Alum Creek. 
general plan the station and connections shown Fig. 13, and 
the detail the pumping station Plate XVI. 
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Connections.—Passing front the pumping station there 
9-ft. combined sewer which serves the outfall sewer for the East 
Side Sewer District. low dam constructed the bottom this 
sewer intercepts the dry-weather flow and first wash the storm flow, 
diverting into 24-in. intake pipe connecting with the substructure 
the pumping station. Connections are also made with the water 
main and high-pressure natural-gas main the street. The electric 
light and telephone wires are brought through three-duct vitrified 
conduit. 

sewage first admitted long chamber, 
serving sand-catcher, screened remove the coarser matters 
suspension, and then passes into the suction well. The screening device 
consists two cages, steel-frame construction, holding removable 
sets screens made square bars, in. apart the clear. 
The cages are raised and lowered hand movable screen lifter 
hung from traveling hoist and runway just below the ceiling the 
screen-room above. The substructure concrete, reinforced 
various points. the substructure the engine-room, which 
was necessary locate the pumps and engines account the suc- 
tion lift, the walls are lined with hard vitrified red pressed brick. 

walls the superstructure are brick, faced 
outside with red pressed brick. the engine-room the walls are lined 
with light-buff speckled pressed brick, and the screen-room with 
hard red brick. The stone trimmings are all Bedford, Ind., lime- 
stone. The ceilings both rooms are plaster metal lath fastened 
the lower chords the roof trusses. The roof 3-in. hollow 
terra cotta tile and slate carried steel trusses and intermediate 
framing. 

Pumping Machinery—The pumping machinery installed 
duplicate. Each unit consists Columbus, horizontal, four-stroke- 
cycle, gas engine, connected Morse, silent-running, high-speed 
chain horizontal, single-stage, Worthington, volute pump with 
12-in. suction and 10-in. discharge nozzles. The engine capable 
developing h.p. when operating natural gas having thermal 
value about 1000 per cu. ft. When running together each 
unit has rated capacity 200000 gal. per hours against head 
ft., and when running alone maximum capacity 
gal. per hours against head ft. For starting the engines, the 
equipment includes small motor-driven air compressor and air tank. 
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Force sewage pumped through 20-in- cast-iron 
force main point about 180 ft. from the pumping station where 
discharged into the upper end the Mound Street Sewer, this 
sewer turn discharging into the intercepting sewer the east bank 
the Scioto River. The flow measured 20-in. Venturi meter, 
the register, chart recorder, and manometer being placed the pump- 
ing station. The meter tube special construction, and between 
the tube and the register and manometer, oil seals are interposed 
keep the sewage out from the latter. 


The sites chosen for the main sewage pumping station and for the 
purification works, while possessing many advantages, were not readily 
accessible for the delivery materials, not being near railroad, and 
the Scioto River not being navigable stream. considering the cost 
the work, was seen that large expense would incurred 
hauling construction materials, for which there would apparent 
return. was decided, therefore, that would economical the 
long run build permanent railroad spur connecting with the main 
line the Hocking Valley Railway, over which cars could switched 
directly the sites the two works. 

The ground near the river south the city relatively low, and 
during high floods was sometimes submerged, the river overflowing the 
old existing levees. order that the railroad spur might all times 
above high water, new levees have been constructed, which the 
spur has been built. The levees, therefore, serve the double purpose 
providing excellent location for the spur and protecting large 
amount property. The city was especially interested building the 
levees, the owner large tract the land which was some- 
times submerged. 

Levees and Railroad spur the Hocking Valley 
Railway, the foot Moler Street, and extends southwest point 
where crosses the river bridge, after which follows south 
along the west bank the river past the pumping station and down 
the purification works. The total length the spur 1.85 miles. 

The levees have top width ft. and side slopes 1.5 horizontal 
vertical, are about ft. above the general level the ground, 
and were built mixture loamy and sandy material obtained 
along the line. several points the levees are pierced small con- 
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crete culverts, the outlets the river bank being protected flap- 
valves. 

spur carried across the river single-track 
through bridge, consisting three spans, 150 ft. in. length, 
total 457 ft. in. from center center end pins. The substruc- 
ture consists two abutments and two piers concrete supported 
timber piles. The abutments have total height ft. in. and 
the piers height ft. The superstructure consists steel, pin- 
connected, Pratt trusses, designed for live load corresponding 
Cooper’s Class loading. The bridge has clear width ft. 
between trusses and clear height ft. above the base the rails. 
The timber floor carried four track stringers. 


Sewer, AND Gas 


Intercepting Sewer—The intercepting sewer, which drains the 
greater part the built-up portion the city, formerly discharged 
the east bank the river. This sewer has been extended across 
under the river distance about 540 ft. sand-catcher connected 
with the Main Sewage Pumping Station. The extension consists 
48-in. cast-iron pipe surrounded concrete. the east bank, just 
back the connection with the old relief outlet has been pro- 
vided which will open automatically the flow sewage shut off 
the sand-catcher the pumping station. 

West Side Sanitary order bring the dry-weather flow 
sewage from the west part the city the pumping station, 
new sewer, 1.85 miles length, called the West Side Sanitary Sewer, 
has been built. For portion the way the sewer brick and 
concrete, but, from the point where built connection with the 
Renick Run Storm-Water Sewer, entirely concrete. the 
upper end its diameter ft., enlarging farther down ft. in., 
and the concrete section, connection with the storm-water sewer, 
ft. in. ft. in., with vertical side-walls. outlet the 
river has been provided, and, where this sewer joins with the storm- 
water sewer, sand-catcher and relief. outlet have been built. order 
divert the flow sewage this new sewer, certain reconstruction 
the sewerage system the west part the city has been necessary. 

Renick Run Storm-Water Sewer.—The storm-water from part 
the west side the city carried away the Renick Run Storm- 
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Water Sewer which discharged formerly into the Renick Run Ditch, 
the property the city, about 3050 ft. west the pumping station. 
This sewer has been extended the pumping station and river. The 
sewer concrete, with vertical side-walls, ft. ft. in. 
enlarging ft. ft. in., and built connection with the 
West Side Sanitary Sewer. There sand-catcher the branch 
leading the pumping station. the Renick Run Ditch, there 
also relief which will come into play if, for any reason, the pumping 
station should cease pumping storm-water during period high water 
the river. 

Dry-Flow portion the sanitary sewage from the West 
Side also carried the old 4-ft. Dry-Flow Sewer. This sewer, 
although present bad shape, has been extended the pumping 
station and new outlet the river provided. With additional ex- 
tensions the sewerage system the city, proposed abandon 
sanitary sewer and use only for storm-water. 

Water Main.—To provide suitable water supply under pressure 
the pumping station and purification works, has been necessary 
lay 10-in. water main, 2.05 miles length, connecting with the 
distribution system the city the corner High Street and 
Neff Avenue. 

Gas Main.—For supplying natural gas for light and power the 
sewage purification works, 2-in. high-pressure gas main, 1.65 miles 
length, has been laid from the high-pressure gas main the 
Federal Gas Company Stimmel Road the purification works. 


Main Sewace 


The Main Sewage Pumping Station the west bank the 
Scioto River about miles south the center the city. Fig. 
shows the location the pumping station and connections, and the 
structures immediately adjacent. Although the station protected 
from the river the new levee, was considered wise, addi- 
tional safeguard, enclose the pumping station lot with levee also. 
The levee around the lot has the same dimensions the levees 
which the railroad spur built, but this levee and that back the 
station immediately adjacent the river were built with carefully 
selected materials placed layers and well rolled. The general 
arrangement the machinery and equipment, and sections through 
the building, are shown Fig. 15. 
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connections the pumping station are shown 
Fig. 14, and need but little description. The sanitary sewage, and 
the storm-water when necessary pump it, first flows into the 
substructure under the screen-room, where screened, then passes 
into the suction wells and pumped out through either both the 
force mains. One force main, for the sanitary sewage, leads the 
purification works, about 1.2 miles away, and the other, for the storm- 
water, leads the river directly back the pumping station. 

substructure consists principally screen chambers 
and basement under the engine-room. Below the basement there 
are three suction wells, one for the East Side sanitary sewage, one for 
the West Side sanitary sewage, and the third for the West Side storm- 
water. means by-pass outside the screen chambers, any one 
all the wells can used. The substructure entirely con- 
crete, reinforced points. 

The superstructure consists screen-room, engine-room, boiler- 
room, office, lavatory, and coal pocket. The building proper brick 
and the coal pocket concrete, the type construction both cases 
being general similar that the Scioto River Pumping Station, 
already described. The coal pocket has capacity 380 tons, 
about days’ supply the present rate consumption. 

The chimney, which hollow radial brick construction, built 
the Alphons Custodis Chimney Construction Company, ft. 
diameter inside the fire-brick lining, and 130 ft. high above the boiler- 
room floor. The foundation the chimney carried timber piles. 

High water the river about ft. above the engine-room floor, 
and case break which would flood the pumping-station lot the 
station itself would flooded. care for this emergency, stop-plank 
grooves have been built all the window and door openings, and full 
set stop-planks provided. 

Screening the screen chambers for the East Side and 
West Side sanitary sewage, the screening devices consist cages 
steel-frame construction holding removable sets screens, two cages 
each chamber. the front cages the screens are round 
bars in. apart, the clear, and the rear cages round bars 
in. apart the clear. the floor above the chambers there 
iron superstructure from which the cages are hung, the cages being 
raised and lowered simple reversing steam engines carried the 
superstructure. the screen chamber for the West Side storm-water, 


2 
12-43 
é 
5 
7 


Collecting 
Conduit 
South Wall 


LONGITUDIN 


Bottom 


SCALE OF FEET 


4 8 12 16 20 Sludge Drain, 


Outside 
(Future Dividing Wall) 


Tank 
SECTION e-f 


— 
|] 
7 
4 
4 


Collecting and Distributing Wall 
LONGITUDINAL SECTION THROUGH TANKS AND 


| Scum-Board not shown 


Baffle 
EL20.61 


:=: 
All Sluice-gates 
Gas 20 Diam. Sar. 
=; \ 
Sludge Drain, E1.20,61 EL19.61 


d Slope 1 i 


ividing Wall) 


Tank No. 
ELEVATION WEST HALF NORTH WALL 


| I | 
All 
ELEVATION WEST HALF COLLECTING AND DISTRIBUTING WALL 


PLATE 
PAPERS, AM. SOC. 
JANUARY, 1910. 
GREGORY 
IMPROVED WATER AND SEWAGE WORKS 
COLUMBUS, OHIO. 


Normal Water 


Normal Low Water 28. 


Distributing 
Cond) 


7.69 Slope 1 in 250 


North Wall 


rods 


RIBUTING WALL LOOKING NORTH Tank Tank 


Dividing Wall 


Tank No. 


NORTH WALL 


5 
iting Wall 
b 
= =) = = 
Expansion 
Joint 


West Wall 


> Sludge Drain 
erflow Channel 


connects with Blow- 
& off Conduit here 


North Wall 


48 Sewage 
Force Main 


wo 


Sludge Drain 


Sludge Drain Sludge Drain 
_ 


Scale of Feet 


Wall 


° 


IMPROVED WATER AND SEWAGE WORKS, COLUMBUS, OHIO [Papers. 


which used only when necessary pump storm-water, there 
double set vertical steel-frame screens round bars in. 
apart, the clear, each section being provided with catch-pan. The 
are raised and lowered hand movable screen lifter hung 
from traveling hoist and runway carried the lower chord one 


the roof trusses. The material removed from the screens disposed 
land. 


Pumping pumping the sewage and 
storm-water, five low-lift pumping units have been installed, space 
being left for sixth unit. Each unit consists single-suction, 
horizontal, Worthington, volute pump, direct-connected vertical, 
cross-compound, Reeves engine. Three the pumps have 20-in. suc- 
tion and discharge pipes, and have normal capacity 000 gal. 
per hours against total suction and discharge head ft., and 
maximum rated capacity 14000000 gal. per hours against 
total head ft. The two smaller pumps have 12-in. suction and 
discharge pipes, and have normal capacity 4000000 gal. per 
hours against total suction and discharge head ft., and maxi- 
mum rated capacity 000 gal. per hours against total head 
ft. Each the five units can draw from any one the three 
suction wells, desired. 

Boilers and Accessories.—In the boiler-room there are three 150-h.p., 
and Wilcox, horizontal, water-tube boilers carrying steam 
160 pressure, space being left for fourth boiler. the basement 
the engine-room there are two surface condensers and two vacuum 
pumps, and the boiler-room Green economizer, two boiler feed 
pumps, heater, and hot well. 

Generators and Crane.—The building lighted two 10-kw., 
250-volt, direct-current generators, each direct-connected vertical, 
simple engine. the engine-room there 6-ton, Case, hand, travel- 
ing crane having span ft. 4.in. and travel the full length 
the room. 


Works. 


From the pumping station the sewage pumped through 48-in. 
cast-iron force main, 1.2 miles length, the sewage purification 
works. the force main, just outside the pumping station, 
placed 48-in. Venturi meter special construction, similar that 
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used the East Side sewage force main. The primary indicating 
and registering devices are the engine-room. 

pole line from the pumping station the purification works 
carries telephone wires and wires connecting with secondary Venturi 


indicating and recording device the gate-house purification 
works. 


THe Purirication Works. 


The sewage purification works are the west bank the Scioto 
River, the upper end being about 1.2 miles below the Main Sewage 
Pumping Station and about 3.5 miles south the center the city. 

Type and previously mentioned, the purification 
works comprise septic tanks, sprinkling filters, and settling basins, the 
present installation having net normal capacity gal. 
per hours. The arrangement the works, however, 
they may extended ultimate capacity 30000000 gal. per 
hours, and the main conduits will carry gal. per hours. 
general plan the works given Plate XVII, and Plate 
XVIII shown more detail the arrangement the several struc- 
tures and the layout the various conduits and pipe lines. 

will probably noticed some that certain the details, 
especially the sprinkling somewhat different from what 
might said current practice. considering these details, 
however, should borne mind that the Columbus sewage purifi- 
cation works were the first designed, and present are the largest 
their type now under operation, the United States. When 
the works were designed, 1905, the only precedent was English 
practice, where the sewage treated was much stronger than that 
Columbus, and, while excellent results had been obtained from the 
English works, many the details adopted there would hardly have 
been, and still would not be, suitable for works subject periods 
severe winter weather, Columbus. 

During the last four years much thought and study have been given 
improving the details construction and operation sprinkling 
filters the United States, and while, previously mentioned, some- 
what different details have been adopted some the more recent 
works, examination the designs seems indicate that the details 
adopted and the experience obtained Columbus have served 
basis from which work. 
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protection from floods, the works are surrounded 
levee about 100 ft. long, its top being ft. above the highest recorded 
water level the river and from ft. above the ground. The 
levee ft. wide top, and has side slopes horizontal 
vertical, the inner slope being dressed with loam and seeded. The rail- 
road spur, which terminated the levee east Settling Basin No. 
has been extended, since the purification works were finished, con- 
nect with the garbage reduction works now under construction. 
branch spur runs over the north end the septic tanks. 


Septic Tanks. 


There are six septic tanks, four so-called primary tanks and two 
secondary tanks; the details are shown Plate XIX. The primary 
tanks are ft. in. 150 ft., and the secondary tanks are 115 ft. 
in. 262 ft. The tanks, throughout, are concrete, are not cov- 
ered, and are approximately ft. deep the high-water line. Each 
primary tank has capacity 710000 gal. and each secondary 
tank 2590000 gal. The four primary tanks have total capacity 
2840000 gal. and the two secondary tanks total 5180000 gal., 

Design.—The tanks were designed with the object not only plac- 
ing the outlets far possible from the inlets, but also keeping 
the sludge much possible away from the outlets, this being ac- 
complished dividing the tanks longitudinally tranverse walls 
into three sections. meet varying conditions the character the 
sewage and the quantity treated, the design was made very flex- 
ible, being possible use any combination one more primary 
tanks with either both secondary tanks. 

designed, the tanks were operated that 
the rate discharge from them would practically constant during 
the hours, the rate adjusted that the total quantity drawn 
out would nearly possible equal the total quantity pumped 
in. the rate pumping varies from hour hour, the surface 
level the tanks, course, fluctuates. With the mean hourly varia- 
tion the dry-weather flow, determined during the experiments 
the testing station, with the tanks all service, and with total flow 
20000000 gal. hours, the fluctuation would amount about 
3.1 ft., giving minimum depth about 8.9 ft. and maximum depth 
about ft. the tanks. this basis, the average period flow 
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through the tanks would about hours. the operation the 
works, however, has been found that satisfactory results have been 
obtained maintaining constant level the tanks, and the tanks 
are now operated this way. 

North 48-in. sewage force main terminates 
mouth the center the north wall. The north wall com- 
bined construction, consisting ft. 6-in. reinforced distributing 
conduit carrying small retaining wall above. Sewage admitted 
into each primary tank from the top the conduit portion through 
four 2-ft. sluice-gates, the center the gates being about ft. in. 
below the low-water line the tanks. means grooves and mov- 
able stop-planks, the distributing conduit may divided into two 
sections, that either half may drained for inspection while the 
other half service. 

Collecting and Distributing primary tanks are sepa- 
rated from the secondary tanks heavy wall cored construction, 
called the collecting and distributing wall. the middle this wall 
there 5-ft. collecting and distributing conduit, sewage from each 
primary tank flowing into the conduit through four 2-ft. sluice-gates, 
and passing out into each secondary tank through eight 2-ft. sluice- 
gates. the bottom the wall there ft. 4-in. 5-ft. blow-off 
conduit, and the top there ‘an overflow channel which connects 
with the blow-off conduit below, sewage from the primary and second- 
ary tanks flowing into the overflow channel over numerous weirs 
ranged along each side the channel. These weirs would come into 
play only prevent overflowing the outside walls the tanks. 

The sludge drains, the primary tanks and the upper section 
each secondary tank, discharge, through small drain chambers, 
directly into the blow-off conduit the collecting and distributing 
wall. the lower section each secondary tank the sludge drains 
discharge into drain chamber located the line the dividing 
wall between the secondary tanks, and thence through 3-ft. 
blow-off drain under the dividing wall into the blow-off conduit the 
collecting and distributing wall. The arrangement the sludge 
drains permits each primary tank and each section each secondary 
tank drained independently. 

Baffle secondary tank divided into two sections 
low baffle wall, hold back the sludge the bottom the upper 
half the tank, the top the wall being about ft. below low-water 
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level. the up-stream side the wall, and hinged it, there 
floating scum-board, cypress, hold back any scum which might 
form the upper half the tank. 

South south wall similar construction the 
north wall, but the collecting conduit not The effluent 
from each secondary tank drawn off through eight 2-ft. sluice-gates, 
reinforced concrete and floating scum-board holding back 
the sludge and any scum which might possibly form. 

Dividing Walls and the dividing walls have gravity 
section. The east and west outside walls have the same section the 
dividing walls, they will become dividing walls when the tanks are 
extended. The floors are all in. thickness, and special attempt 
was made make them water-tight, was thought that the 
joints between the floor-blocks would rapidly silt and become tight. 

the east end the collecting and distributing 
wall ft. 4-in. 5-ft. blow-off conduit extends blow-off gate- 
chamber the levee the east side the works, from which two 
blow-offs run the river, the larger one, ft. diameter, having its 
outlet the edge the river. The smaller one, in. diameter, 
extends out farther, and has three outlets the center and the 
bottom the river. All the outlets are protected flap-gates, and 
the gate-chamber each blow-off fitted with sluice-gate. The 4-ft. blow- 
off was provided care for large volume sewage which might 
pass over the overflow weirs the collecting and distributing wall, 
and the 16-in. blow-off for use when the tanks are drained. For 
the present, the sludge disposed the river when the river rises 
and the dilution sufficiently great, but the city has acquired large 
tract land, adjoining the works, and remote from buildings, which 


can used for sludge disposal should this found desirable 
necessary later date. 


Gate-House. 


From the center the south wall the septic tanks the sewage 
flows through so-called influent conduit the gate-house. ‘This 
conduit, ft. in. diameter, reinforced concrete, located 
under the dividing wall between Filters Nos. and The flow 
from the septic tanks and and from the sprinkling filters con- 
trolled the gate-house, the details which are shown Plate XXT. 
substructure the gate-house concrete, 
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heavily reinforced, and its outside diameter ft. Sewage first 
admitted from the influent conduit into influent well, ft. diam- 
eter and ft. in. deep, located the center the substructure. 
The influent well encloses two controller wells, approximately ellip- 
tical plan, each ft. in. wide and ft. long, which the 
sewage flows out into annular distributing well, ft. width, 
enclosing the influent well. From the distributing well the sewage 
passes into series distributing chambers connecting with the dis- 
tribution systems the filters. These distributing chambers are 
built the upper portion the outer annular well the substruc- 
ture, the lower portion being termed the effluent well, into which the 
effluent from the filters flows. 

Each controller well contains specially designed controller, ad- 
justable from minimum capacity 10000000 gal. maximum 
capacity gal. per hours, and operating under mini- 
mum loss head about 0.75 ft. 

These controllers were installed care for the fluctuating head 
the septic tanks, but, account the change the method oper- 
ating these tanks, with constant level, the controllers are not 
present use. description them and their action, however, may 
interest. 

The controller consists tube which pressure disk, 
attached vertical stem, moves and down. The rate flow 
through the controller, therefore, dependent the annular area 
between the pressure disk and the flaring tube, and the difference 
head between the two sides the disk. The upper end the ver- 
tical stem shouldered, and picks successively, rises, series 
weights until the difference head the pressure disk bal- 
anced. With given position the vertical stem relative the nest 
weights above, the controller maintains automatically practically 
constant rate flow, the pressure disk and stem rising the level 
the septic tanks rises, and falling the level the tanks falls. The 
rate flow through the controller varied adjusting the position 
the stem relative the nest weights. 

With the quantity sewage present treated, only one controller 
ordinarily would service, being set discharge hours, 
nearly possible, the estimated quantity which would pumped 
into the septic tanks during the hours, but, case the controller 
should set too low and the septic tanks should fill the high- 
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water line, and the rate flow into the tanks should then continue 
excess the quantity discharged the controller, this excess would 
pass over overflow the influent well into the distributing well 
and out the sprinkling filters, building greater head the 
distribution systems. This overflow set lower elevation than 
the overflows the septic tanks, and would come into play before 
sewage would pass over the overflows the tanks and out the 
river. 

case long-continued and excessively cold weather, provision 
has been made operate the sprinkling filters contact filters, 
desired. Under such conditions, the distribution systems would 
shut off and drained, and the filters would filled from below through 
by-pass gates and pipes leading from the distributing well, may 
seen referring Plate XXI. The main effluent gate each filter, 
course, would closed while the filter was filling, and opened 
slowly during the period draining. also possible by-pass 
the filters entirely shutting the outlet gates from the distributing 
well and opening the gates connecting the distributing well directly 
with the effluent well. 

superstructure the gate-house also cir- 
cular plan, and two stories height. the lower story are 
located the various stands for operating the sluice-gates and controllers, 
chart recorder for showing the level the septic tanks, indicator 
for showing the head the sprinkling nozzles the filters, and 
secondary indicator and chart recorder for giving the rate flow 
through the 48-in. Venturi meter the main sewage pumping station 
and thus through the force main into the septic tanks. The second 
story divided into office, chemical and bacteriological labora- 
tories, locker-room, and lavatory containing shower bath and 
sanitary conveniences. The character the construction the su- 
perstructure similar that the superstructure the main build- 
ing the water purification works, previously described. 


Sprinkling Filters. 


There are four sprinkling filters, radiating from the gate-house, 
each being equilateral triangle plan, 505 ft. in. side. 
With the construction two additional filters, space for which has 
been reserved, they will form hexagon with the gate-house the 
center. filter has net area acres, making total 
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acres for all four, but, the distribution system each filter has 
been designed that one-half the filter can operated inde- 
pendently the other half, the present installation, from the stand- 

The filters are designed yield normally gal. per acre 
per hours, resting one-half the time, requiring therefore rate 
000 gal. per acre per hours when service. possible, 
however, operate them somewhat higher rates. The the 
filters are shown Plates XXII and XXIII. 

outside and dividing walls were concrete, and were 
designed simply light retaining walls and not resist water pres- 
sure one side with filtering material the other. provide 
access the gate-house, that can reached when the two addi- 
tional filters are constructed, without having walk across the surface 
the filters, elevated reinforced concrete walk has been built above 
and supported the dividing wall between Filters Nos. and 

Distribution order provide protection from the 
frost, the distribution system built below the surface the filters, 
and consists main distributors, lateral distributors, vertical risers, 
and sprinkling nozzles. The main distributors, which there are 
two each filter, are reinforced concrete, ft. in. diameter, 
and radiate from the gate-house. Connecting with the main distrib- 
utors are the lateral distributors, which consist lines 5-in. and 
6-in. vitrified sewer pipe supported and bedded the upper part 
small concrete walls. From outlets the top the main distrib- 
utor, and from sewer pipe branches set vertically the lateral dis- 
tributors, 3-in. cast-iron risers extend the surface the filters, 
the sprinkling nozzles being screwed into the upper ends the risers. 
The joint the base each riser made with lead caulked into the 
vitrified pipe socket. The distribution system each filter de- 
signed that when shut off can drained out back the gate- 
house. 

The sprinkling nozzles are ft. in. from center center, the 
arrangement being such that the straight lines connecting three ad- 
jacent nozzles form the sides equilateral triangle. The nozzle, 
Fig. 17, brass, and consists single orifice, in. diameter, 
with rounded edges, above which, held two thin arms, there 
inverted 90° cone, the axis the cone coinciding with the axis the 
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filters are operating rate 4000000 gal. per acre per hours, 
each nozzle will discharge approximately 13.1 min. under 
head ft. available the nozzle. There are 2108 nozzles the 


filter surface, about 211 nozzles per acre, the area tribu- 
tary nozzle being 206.6 sq. ft. 


Tap No,14-24 thd, | 
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machine screw 
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Seale of Inches 


17. 

The experimental investigation the testing station demonstrated 
that satisfactory results could obtained when operating nozzles 
under constant head, and the works were designed with this view, 
but has since been found that better results are obtained the head 
allowed fluctuate, and the filters are now operated that 
manner, the head the nozzles being varied from hour hour 
hand, throttling the sluice-gates the gate-chamber. 


tions the gate-house are being contemplated whereby the head will 
made fluctuate automatically. 
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orifice. The jet, leaving the orifice, impinges against the cone and 
transformed into thin sheet, spreading out radially and breaking 
the points where the sheet strikes 
the arms, the latter are ground down sharp edges each side 
order permit the sheet heal after passing them. When the 
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Filtering filtering material consists broken stone 
having total average depth about in., the lower in. being 
from in. size. Filters Nos. and the material above 
the lower course has nominal size from in. The material 
was sampled carefully from time time, and mechanical analyses were 
made from which was found that the effective size was 1.4 in. and 
the uniformity coefficient 1.4, and that the average size the stone 
was 1.7 in., that being the diameter sphere equal volume. 
Filters Nos. and the material has nominal size from in., 
effective size 1.1 in., uniformity coefficient 1.6 in. and 
average size 1.5 in. The material all limestone, obtained partly 
from quarries near Columbus and partly from Marion, Ohio, and was 
screened the quarries remove the dust and fine particles and 
obtain material the right size. 

Collection System.—For removing the effluent from the filters, 
very free-draining bottom has been provided, consisting lateral col- 
lectors discharging directly into main collectors. The lateral col- 
lectors are 6-in. vitrified channel pipe, with the sockets left off, notched 
both edges, and laid parallel lines, space in. being left be- 
tween each two pipes longitudinally. The floors the filters, which 
slope the main collectors, are concrete, in. thick, the edges 
the lateral collectors being bedded the floor before the concrete had 
obtained its initial set. 

The main collectors, which are concrete, below the level the 
floor the filters, have semicircular invert with vertical sides above 
and gradually increase section toward the gate-house. The flow 
line below the level the filter floor, that the ends the lateral 
collectors will not submerged. The main collectors each filter 
discharge into common sump and thence into the effluent well 
the gate-house, the flow line the sump being below the level the 
invert the lower end the main collectors, that when main 
collector not use will drain out completely. Manholes furnish 
the main collectors, for inspection. 


Settling Basins and Outfall. 


From the substructure the gate-house the effluent from the 
sprinkling filters flows through so-called effluent conduit, inlet 
gate-chamber, then through the gate-chamber and through two inlet 
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conduits the settling basins. The effluent conduit reinforced 
concrete, ft. in. diameter, and located under the dividing 
wall between Filters Nos. and 

Inlet Gate-Chamber and Conduits—The inlet gate-chamber 
concrete, and all below the surface the ground; that part 
connection with the effluent conduit heavily reinforced. The flow 
from the effluent conduit controlled two 54-ft. sluice-gates. 
The inlet conduits are also ft. diameter, and are concrete 
but are not reinforced. The sewage admitted from the inlet 
conduit into each settling basin through fifteen 21-in. vitrified sewer 
pipe inlets terminating low wall. 

Settling effluent from the sprinkling filters not 
perfectly clear, and, remove the heavier particles suspension, 
times allowed flow through one both settling basins before 
passing out the river. settling basin has capacity 
000 000 gal., and, with one basin use, and when handling 000 000 
gal. sewage per hours, the average period flow through the 
basin would little less than hours. The basins are from 
ft. deep, the water line being Elevation 11.0, about ft. above 
mean low water the river. 

The basins are not covered, and are all excavation. originally 
built, the side slopes were horizontal vertical, and were not 
paved otherwise protected, except that above the water line the 
slope was grassed; the berm the foot terminated low toe-wall, 
in. high. account lack funds, when the works were de- 
signed, was decided omit retaining walls around the sides the 
basins, but, funds having become available since the works were 
completed, the retaining walls were built during the summer 1909. 
The floors are concrete, in. thick, and simply provide suitable 
surface for the flushing out sludge. attempt has been, will 
be, made ground-water, the contrary, weep-holes, in. 
diameter and ft. apart, have been left the toe-wall, 
admit ground-water and prevent upward water pressure the 
floor. 

The effluent from each settling basin flows off thin sheet over 
circular outlet weir, ft. diameter, floating matter being held 
back easily removable sheet-steel scum-board. 

The details the settling basins are shown Plate XXV. 
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Outlet Conduits and Outfall—From the outlet weirs the effluent 
from the settling basins flows through the outlet conduits the out- 
fall gate-chamber and thence the outfall the bank the river. 
The outlet conduits are ft. diameter, and are reinforced con- 
crete. each these conduits there outlet gate-chamber 
containing sluice-gate, that either both basins may 
shut off when desired. the outfall 53-ft. flap-gate has been pro- 
vided, and, the outfall gate-chamber, there sluice-gate the 
same size, for use case the flap-gate should fail seat tightly dur- 
ing high water the river, when might desired shut down 
the works. From the inlet gate-chamber the effluent conduit ex- 
tended the outfall gate-chamber, and serves by-pass around 
the settling basins, closing the gates the inlet and outlet gate- 
chambers. 

Pump-House and Connections. 


For the present the sludge accumulating the settling basins 
disposed discharging into the river when the river rises and 
the dilution great, the same the sludge from the septic tanks. 
such times the settling basins will not drain the river, but must 
pumped out, and, for this purpose, small suction well and pump- 
house, the details which are shown Plate XVII, have been built 
the east end the embankment dividing the two settling basins. 

Suction suction well, located just outside the pump- 
house, small concrete structure, ft. in. diameter and ft. 
in. deep, and into this the sludge drain each settling basin dis- 
charges through 21-in. pipe. From the well two 12-in. suction pipes 
extend into the substructure the pump-house. 

Pumping pumping machinery consists hori- 
zontal, Worthington, volute pump, with 12-in. suction and 10-in. dis- 
charge nozzles, driven, through silent-running high-speed chain, 
50-b.h.p., vertical, enclosed, three-cylinder, Nash, gas engine, run- 
ning natural gas having thermal value about 1000 per 
cu. ft. The unit has capacity gal. per min. against head 
ft., and gal. per min. against head ft., when, pump- 
ing mixture weighing lb. per cu. ft. For the present, only one 
pumping unit has been installed, but space the building has been 
provided that the equipment may duplicated. 

superstructure the building ft. in. square 
inside, one story high, and the same character construction 


ae 


100 IMPROVED WATER AND SEWAGE WORKS, COLUMBUS, OHIO [Papers. 


the superstructure the gate-house. The substructure con- 
crete. 

Sludge Mains.—Outside the building the discharge pipe from 
the pump branches into two sludge mains, one in. and the other 
in. diameter. The 16-in. main extends out into the river, with 
outlets below the surface, being duplicate the blow-off. used for 
draining sludge from the septic tanks. The 15-in. main terminates 
present the site the garbage reduction works. When the sewage 
purification works were designed, was not expected that the garbage 
disposal works would located adjacent the sewage purification 
works, and the levee was built position other than that shown 
Plate XVII, with the 15-in. main terminating outside the levee. 
This main was laid that, disposal the sludge from the settling 
basin land was found desirable, outlet would provided. 
the fall 1908 portion the levee the southeast corner the 
works was moved provide site for the reduction works, but 
the sludge main will not extended until after the reduction works 
are built; its final location will then determined. 


Miscellaneous. 


Water the main and lateral distributors and the 
main collectors the filters, order keep the friction losses low, 
was necessary use depositing velocities. provide means for 
flushing these out case deposition, water main has been laid 
with branch connecting directly with the outer end each main 
distributor and each main collector. flush out the lateral distrib- 
utors, the nozzle the riser the outer end each distributor would 
removed and hose connection made with one the hydrants 
placed along the outside walls the filters. Hydrants have also been 
placed adjacent the septic tanks and settling basins, that 
ample supply water under pressure may all times obtained 
for flushing purposes. 

Loss total loss head through the works, from 
high-water line the primary septic tanks mean low water the 
river, 25.34 ft., and, without giving all the individual losses through 
gates, conduits, may summarized given Table 13. 
should stated that the losses are computed the basis the works 
handling maximum quantity 45000000 gal. per hours. 
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TABLE 13.—Loss HEAD THROUGH WORKS. 


Elevation, 
Location. feet above head, 
city datum. feet. 


High-water line, primary septic 


Low-water line, primary septic 28.24 
Hydraulic grade, lower end main 6.38 
Hydraulic grade, effluent well 11.96 1,81 


Operation During Freshets—With 5-ft. rise the river; the 
settling basins would shut off, but the filters could still operated 
under normal conditions. With total rise ft. the river the 
filters would cease free-draining the bottom, and would prob-. 
ably shut off. would possible, however, still operate the 
filters with greater rise than ft. the river allowing them to. 
fill with sewage sprayed from the sprinkling nozzles until the 
filters were full the surface. Whether not this method 
operation would satisfactory can only determined trial. 
the best, however, operation such times would require the most 
careful supervision, the river may easily rise the rate 0.75 
ft. per hour, and, unless the filters were shut off the proper time, 
the outside walls would overflowed. Again, if, for any reason, 
the flap-gate the main outfall should become deranged such 
time, the river, which highly turbid during freshets, might back 
into the filters and deposit large amount mud, result which 
would simply disastrous, all probability the stone would have 
removed from the filters and washed, and the filters themselves 
would have cleaned and washed out. Assuming, however, that 
the filters are shut off with 7-ft. rise the river, the septic tanks 
can still operated, even maximum high water the river, 
the effluent from the tanks flowing the gate-house, through the by- 
pass between the influent and effluent wells, and then out through the 
conduit directly the river. 


Concrete. 


plain and reinforced, used extensively. The relative volumes 
cement, sand, and ballast the several classes work were follows: 
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belt-courses, window-sills, lintels, sub- 
structure gate-house (except foundation floor), and walk 
over influent conduit wall; reinforced floors, columns, stair- 
and steps. 

filters, settling basins, collecting and dis- 
tributing, and north and south walls septic tanks; conduits 
and blow-offs, foundations, and miscellaneous small structures. 

1:3:7.—East and west outside walls, walls, and dividing 
walls septic tanks (except collecting and distributing wall). 

The specifications for the concrete were similar those for the 

water purification works, and the method mixing and placing the 
material was practically the same. The expansion joints, which were 
built where necessary, consisted, however, only tongue and groove 
the concrete, steel plates being used. The tongues and the 
grooves were well reinforced, both vertically and horizontally, with 
twisted steel rods. 
Cost Work. 

Table the cost the work detail given, and Table 
given the unit cost the main features the work. was the 
case with the cost the water-works improvements, and for the same 
reason, attempt has been made distribute the cost engineering 
over the several parts the work. 


The first bond issue was authorized November, 1903, and the 
preparation the first drawings and specifications began early 1904. 
The first work placed under contract was the testing station, May, 
1904. Additional contracts were let during 1904 and 1905, and 
November, 1905, the purification works were placed under contract. 
The work was all practically completed the fall 1908, although 
the last contract, for the concrete walls around the settling basins, 
the purification works, was not let until April, 1909. Sewage was first 
pumped regularly the purification works November 28th, 1908. 

The principal contracts for the work were: 


Levees and railroad spur......... The Gillespie Company and 
Sullivan and Son. 

Bridge and Grant, and Houston and 
Cleveland. 
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Sewers Westwater and Casey, and 
McCracken and Company. 

Sewage force mains.............Westwater and Casey, and The 
York Construction Company. 

Pumping stations................Westwater and Casey, and 
McGrath. 

Pumping machinery............ Woollen and Callon, and Columbus 
Machine Company. 

Sewage screens and Valve Company. 

Sewage purification works........Sullivan, Murphy and Miles, and 
Sullivan and Son. 


OPERATION. 


The daily records the results operation the sewage purifica- 
tion works for the eight months, January August, 1909, inclusive, 
are presented Table 16. through the courtesy the Engi- 
neer and Chief Chemist the works that the writer enabled 
present these results, will not enter into detailed discussion 
them, but hopes that such discussion will presented these 
officials. 

order that the efficiency the works may judged, there 
presented Table the final averages the results obtained the 
experimental investigation with Test Filter this filter having given 
the best results those experimented with the testing station. 

From examination the data these two tables will noted 
that during the earlier part the period operation the results 
secured the purification works were much below normal, due largely, 
among other factors, the unusually strong sewage, and especially 
the fact that the filters were started the most unfavorable time the 
year, that is, just the beginning cold weather, and therefore had 
been afforded opportunity ripen. 

With the advent warmer weather, however, steady improvement 
the character the results began, and from examination the 
later results secured the works will seen that they compare 
very favorably with the results obtained with Test Filter thus 
demonstrating that the works serve, satisfactory manner, the pur- 
pose for which they were designed. The writer has but one comment 
add, and that is, from such information can secure, would 
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AIN. 


Roads, Grading, and Drainage 
Grounds. 
Roads, walks and grading................. 


Sewer, Gas, Water, and Electric Connections, 
Sewer connections...... 
Gas supply connection.. 
Water supply connection 


Pumping Station. 
Build uilding. 


20-in. Sewage Force Main. 
20-in. Venturi meter 


20-in. blow-off and manhole pumping 
LEVEES AND RAILROAD MAIN SEWAGE 
ING STATION AND SEWAGE 
Valley Railway 


pumping station lot 
purification 850 lin. ft. 
ubstructure. 
Earthwork....... 
Concrete piers and 490 
Superstructure. 
Timber bridge 460 lin. 930 
From Hocking Valley Railway 
From bridge pumping 


river side pumping station. 620 lin. ft. 
From pumping station 
cation works......... 600 lin. 


Car 
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TABLE 14.—(Continued.) 


ADDITIONAL LEVEE CONSTRUCTION. 
Lan 


Levee north bridge................2 450 lin. ft. 


Levee south purification 


RECONSTRUCTION SEWERS SIDE DISTRICT. 

ENLARGING AND REGRADING RENICK Run 
020 lin. ft. 


WATER AND Gas 
10-in. Water Main. 
From High Street pumping 
550 lin. ft. 
From pumping staticn purification 


2-in. high-pressure gas main from Stimmel Road 
purification works 760 lin. ft. 


Sewer. 


outlet 


West Side Sewers. 
acres 


West Side sanitary and Renick Run storm- 


Levee around 280 lin. ft. 
Roads, Walks, Grading, and Drainage 

Grounds. 
Roads, walks, and grading 


Railroad siding north and south coal 
ft. 


Connection water 


Sewers, connections and outlets river.... 
Force Main Connections. 

48-in. sewage force main.. 

48-in. storm-water force main 
storm-water force main river, 270 lin. ft. 


MAIN SEWAGE 


Chimney. 
ft. dee 
ft. diam., 130 ft. hig 


Machinery and 
Screening equipment and pre 
Engine-driven centrifuga 

centrifugal pumps, small 
Electric generating units and board 
Boilers and 

Suction and discharge piping. 
Steam appurtenances and 
Miscellaneous 
Hand traveling crane............. 


080 
870 
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TABLE 14.—(Continued.) 


Brought forward.. 


48-in. 
48-in. Venturi meter and vault.... 
48-in. force main. 
16-in. blow-off 


LAND FOR SEWAGE PURIFICATION WORKS, .262 acres 


SEWAGE PURIFICATION WORKS. 

Levee (earthwork excess that obtained 

from excavations for structures) ft. 

Railroad spurs levees 330 lin. ft. 

Roads, walks, grading, and draniage 

culvert north end works. lin. ft. 

Gas mains and connections.............. 

10-in. water main and 

Septic Tanks 020 000 
Earthwork 
Concrete and brick masonry........ 
Steel reinforcement.... 


Railings... 
Scum-boards......... 


Blow-off from Septic Tanks. 
ft. 4-in. ft., from septic tanks blow- 
off gate-chamber 
4-ft., from blow-off main 
Main outlet........ 
16-in. sludge drain river outlets, 
240 lin. ft. 


Walk influent conduit wall.........490 lin. ft. 
ft. 6-in. influent conduit from tanks 
gate-house........ lin. ft. 
Gate-house.... ft. 


Vitrified sewer 

and steelwork 

Controlling, indicating, and recording 


800 cu. ft. 
Furniture and Equipment. 
Laboratory equipment.. 620 


Carried forward...... 


LINE FROM PuMPING STATION PURIFICATION 

430 
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TABLE 14.—(Continued.) 


(Continued). 
Earthwork......... 
Floors and main 
Distribution System. 
30-in. main distributors..... 480 lin. ft. 
lateral 190 lin. ft. 
6-in. lateral 060 lin. ft. 
Risers and 108 


Filtering material..............80 120cu. yd. 


ft. 6-in. Conduit. 
From gate-house inlet gate- 
From inlet gate-chamber out- 
fall lin. 
Outfall 
From outfall gate-chamber out- 


Inlets Settling Basins. 
Inlet gate-chamber....... 


Settling Basins 000 000 gal. 


Outlets from Settling Basins. 
ft. 6-in. outlet conduits outlet 
ft. 6-in. outlet conduits, from out- 
let gate-chambers outfall gate- 


Pump House. 
Building. 


Sludge Force Mains. 
16-in. main including 


860 456 350 
180 


Total Cost, Exclusive Engineering.|.. 


ENGINEERING, 8.98 per cent. 


Cost, INCLUDING 


j 
520 
3 
360 
280 107 550 
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9.34 


11.80 


Avge. 


tr. 


of 


840 105 


TABLE Costs MAIN FEATURES WORK. 


Work. 


Buildings. 
East Side Sewage Pumping Station. 
Main Sewage Pumping Station. 
Gate-House, Sewage Purification Works. 
House, Sewage Purification Works. 


Sewage Purification Works. 

Levee, railroad spurs and 
Roads, walks, grading and drainage 
Inlets and outlets settling 
Pump-house suction well... 

Sludge force 


Capacity. 


700 cu. ft. 


110 200 cu. ft. 
248 600 cu. ft. 
800 cu. ft. 


700 cu. ft. 
800 cu, ft. 
500 cu. ft. 


900 cu. ft. 


020 000 gal. 
acres 
000 000 gal. 


000 000 gal. per hours 


Total 
cost. 


Veto 


0.65 


2.70 


0.20 


| 
0.90 


Unit costs. 


21,3 cents per cu. ft. 
23.4 “ “ 


320 per million gallons. 
040 per acre. 
480 per million gallons. 


020 per million gallons per hours. 


Pape 
| 
| 
| 
for) og const So 
| | 
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Volume pumped, mil- 
lions per day. 


= 
average period, hours. 


Volume filtered, mil- 


acres. 


Flow settling basin, 


Septic 
effluent. 


Filter 
effluent. 


Settling basin 
effluent. 


Screened 


> 
ct 


sewage. 


Septic 
effluent. 


Settiing basin 


oxygen. 


Putrescibility 


Nitrates. 


ecco: worse: 


sewage. 


Settling basin 


| : | | Rainfall, in inches. 


primary and secondary tanks service continuously. Filters operated continuously hours, then rested hours, more less, 


chard 2 hours. 9.0 on nozzles. Settling basins cleaned during first 3 weeks of the month. 


on nozzles; second 2 hours, 


TABLE 16.—SEWAGE PURIFICATION WORKS.—(Continued.)—Records Operation for February, 1909. 


TEMPERATURE, 


DEGREES, 


ANALYTICAL RESULTS, PARTS PER MILLION. 


ice, 
per 


basin, 


Oxygen 


Suspended 
Consumed. 


Millions per 
Matter. 


Final 


Air. 


o 


Day Month. 


Avge. 


Minimum, 


Rainfall, inches. 


Sessssssss 


co 


pumped, mil- 
lions gallons per day. 


Volume 


Flow septic tanks, 
average period, hours. 


Volume filtered, mil- 
lions gallons per day. 


In acres, 


Filter area serv 


gallons 
acre per day. 


Average rate filtration 


° 


Flow settlin 
average period, hours. 


. 


Settling basin 
effluent 


sewage. 
Septic 
effluent. 
Settling basin 


effluent. 


Dissolved 
oxygen. 


ADIOS 


(odor) 
incubated 
hrs. 87° 


Nitrites. 


:Sssssss 


Soon: 


Nitrates. 


sewage, 


Screened 


—] 


Septic 
effluent. 


oooo: 


oun 


Filter 
effluent. 


SRS: 


Settling basin 


. 
. 
. 


‘J 
effluent. 
Screened 
oooooco 


er 
o 


TABLE 16.—SEWAGE PURIFICATION Operation for March, 1909. 


TEMPERATURE ANALYTICAL RESULTS, PARTS PER MILLION. BACTERIA, 


DEGREES, 


bas- 
hrs 


Suspended Matter. Oxygen Consumed. Effluent. Millions per 


per day. 
incubated 
Nitrites 


Air. 


acres. 


effluent. 


Settling bas- 
effluent. 


per acre per day. 
(odor) 


oxygen. 


Putrescibilit 
Septic 
effluent. 
Filter 


Flow septic tanks, 
Dissolved 


av. period, hours. 
millions 


Rainfall, inches. 
Volume filtered 
mill. gal 

Av. rate filtration, 
Flow settlin 
in, av. period 
Settling bas- 

effluent. 

Settling bas- 

effluent. 


Filter area service, 


Sssssssss 


. 
. 
. 
. 
. 
. 
. 


. 


. 
. 
. 


osossssss: 


. 


TA: 


= 


oo 


Avge. 


primary and secondary tanks service continuously. Filters operated continuously hours, then rested for hours, more less, 


the volume sewage. period service was split follows: First 2hours, 
the length 2 hours. 9.0 ft on nozzles. Settling basins cleaned during first 3 weeks of the month. 


@ 
© 
@ 
o 


on nozzles; 


. 
te 
Max. 
RBLESKS 
| | : 


200 


filters same April septic tanks cleaned out May 12th and 13th. 


TABLE 16.—SEWAGE PURIFICATION Operation for April, 1909. 


TEMPERATURE, ANALYTICAL PARTS PER MILLION 


DEGREEs, 


ons 

per day. 
bas- 


Susp’d Matter. Oxygen Cons’d. Final Millions per 


tanks, 


hours 


per day. 
(odor) 
sewage. 


incubated 


Day Month. 
per day. 
Flow settlin 


Septic 
effluent. 


Volume pumped, 
Nitrates. 
Screened 


millions 


Volume filtered 
mill. gal 
hrs. 87° 
Settling bas- 
effluent. 


Min. 
in, av. period, hrs. 


av. period 

Filter area 

Av. rate filtration, 

millions gallons 

Settling bas- 

effluent. 

Screened 
Dissolved 

Putrescibilit 


Flow 


Rainfall, 


ss 


sow w wwe 


11.5 


OR 


6 
eee 


. 
. 
. 


isa 


a 


co. 


NAMBAIIIS 


: 
- 


ie 


HG 


Secure 


Om 


. 
o 


. 


Sssssss 


D 


SOON 


chet 
oo 
a 


o 
o 
~ 


primary and secondary tanks service continuously. Operation filters April March. April 22d, method 


Period service reduced hours, and the Jength the resting period determined the volume sewage 
the nozzles throughout the period service with the following heads alternating order 
eriod service, 4.0 ft. head. Second period ft. head. Third period service, 9.0 ft. head. Fourth period service, 4.0 ft. 


Fifth period service, 7.0 ft. head. Sixth period service, 9.0 ft. head, 


o 
re 


| 
4 
| 
| 
| 
| 


TABLE PURIFICATION Operation for May, 1909. 


9 = = 
23 . . e eeee eeee . . . . eeee 


filters same April report. All septic tanks cleaned out May 12th and 


| 
j 
| 
4 
| 
‘ 1} 
| 
re 
4 
4 
| 
es 


— 


Sereet, all sewa e above this point tlowing direct to the river. On July 12th, river water was admitted to the pump sucticns with the intent to 


keep the flow of sewage at about 10 000 000 gal. per day. 


TABLE 16.—SEWAGE PURIFICATION WORKS. Operation for June, 1909. 


ses filter effluent were made the combined effluent all filters. 
Beginning June 14th Filter has been operated 15-min. schedule and Filter schedule alternating hours run and hours rest; 
tests for suspended matter, since that time, have been made the combined effluent Filters and the oxygen consumed has been de- 
termined from the effluent from Filter and the content the average the samples taken from Filters and 

Between June 13th and June putrescibility tests odor were omitted. 

The settling basins were out service, account the construction the retaining walls. 
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TABLE 16.—SEWAGE PURIFICATION Operation for July, 1909. 


Avge.| 


oxygen consumed, dissolved oxygen, and determinations the filter are made samples taken 
from the effluent from Suspended matter the filtered sewage determined from composite samples taken from Filters and and 
the nitrites and nitrates and the bacterial content the filtered sewage are the averages analyses from Filters and Filter has been 
operated the 15-min. schedule, and Filter the 6-hour schedule. The divisions the septic tanks service have been: July 3d, 
inclusive, Nos. July 4th 14th, inclusive, July 15th inclusive, Nos.4and The settling basins were out 
nstruction the retaining walls. July 9th, the intercepting sewer was shut off Mound 


service throughout the month, on account of the cor 
Street, all sewage above this point tlowing direct to the river. On July i2th, river water was admitted to the pump sucticns with the intent to 


keep the flow of sewage at about 10 000 000 gal. per day. 


TABLE 16.—SEWAGE PURIFICATION Operation for June, 1909. 


| 


‘ 


‘ 


‘ 
. 


Day Month. 


ee 


per acre per day. 


Flow settling bas- 
in, av. period, hrs. 


Screened 
sewage. 


Septic 
effluent. 
Filter 

effluent. 


effluent. 


Settling bas- 


Chlorine. 


Dissolved 


Nitrates. 


Screened 


rs) t 
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seem that during the first few months operation the test for 
putrescibility was more rigorously applied than was the case the 
testing station and places elsewhere, thus placing some the results 
secured the Columbus works somewhat unfavorable light. 
Exhaustion free dissolved oxygen the undiluted samples the 
final effluent the incubator tests was practically taken denoting 
putrescibility, whereas more oxygen could obtained from the nitrites 
and nitrates before actual putrefaction would result. 


TABLE 17.—RESULTS OBTAINED THE EXPERIMENTAL 
INVESTIGATION WITH TEST SPRINKLING FILTER 


Parts per million. 


Screened sewage. 209 
SuSPENDED MATTER.......... Septic effluent. 
Filter effluent. 
Screened sewage. 
CONSUMED.......... Septic effluent. 
Filter effluent. 

Filter nitrites. 0.69 


Undiluted. 
effluent. 


Final Undiluted. 


effluent. 


Millions per c.c. 


Screened sewage. 
Septic effluent. 
Filter effluent. 


the design and construction the water and sewerage work was 
directed from one office, has been impossible apportion exactly 
each certain the items the cost engineering, although the 
figures given are sufficiently close for all practical purposes. sum- 
mary the cost engineering, however, may interest, and 
therefore given Table 18. 
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TABLE Cost ENGINEERING. 


Cost ENGINEERING. 


Cost 
Work. 
plies. ses age. 


Scioto River Storage Dam and Res- 
Scioto River Pumping Station and 
Water Purification. 
Works and work connected there- 


Sewage improvements.............. 198 180 820 450 280 8.98 
925 150 $202 700 $16 $18 000 830 8.10 
Land for Scioto River Storage Dam 


ENGINEERING ORGANIZATION. 


The engineering work was organized practically separate 
branch the engineering department the Board Service. 
the time the work was started, Julian Griggs, Am. E., was 
the Chief Engineer the Department, having occupied that position 
for several years previous the commencement this work, and 
pleasure for the writer state that the City Columbus indebted 
most Mr. Griggs for bringing about and forward these two 
improvements. Mr. Griggs paved the way, and was due his fore- 
sight and perseverance, the face criticism, long since silenced, 
that the work was successfully started; too much credit cannot given 
him. Mr. Griggs was succeeded 1906 Mr. Henry Maetzel, who 
has ably followed the policies his predecessor. Rudolph Hering and 
George Fuller, Members, Am. Soc. E., have acted throughout 
Consulting Engineers, and them great credit due for their hearty 
co-operation. 

The experimental investigations were ably carried out George 
Johnson, Assoc. Am. E., assisted William Copeland, 
Am. E., Chief Bacteriologist, Mr. Elliot Kimberly, 
Chief Chemist, and Mr. George Shute, Assistant Engineer. 

Mr. Edwards was Resident Engineer charge the con- 
struction the dam and reservoir; George Howe, Am. E., 
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Resident Engineer charge the construction the Scioto River 
pumping station, water purification works, and force mains; Mr. Ed- 
ward Kemmler, Resident Engineer charge the construction 
the sewage pumping stations, purification works, and sewerage work; 
Mr. Walter Jackson, Mechanical Engineer charge the mechani- 
cal equipment, and Messrs. George Howe, and William Link, and 
Arthur Decker, Jun. Am. Soe. E., charge the office work, 
whom the completion the work small measure due. 
The writer was direct charge the design and construction the 
work, with the titles, successively, Engineer Design, Principal 
Assistant Engineer, and Engineer Charge. 

The operation the two works has been and still charge 
Mr. Jackson, Engineer Water Supply and Sewage Disposal, 
assisted Mr. Copeland, Chief Chemist and Bacteriologist the 
water purification works, and Mr. Clarence Hoover, Chief 
Chemist and Bacteriologist the sewage purification works, and 
them the credit due for the successful operation the works. 

closing, the writer wishes acknowledge his indebtedness for 
the hearty co-operation given him, not only all those connected with 


the engineering organization, but the members the several Boards 
Public Service under whose direction the work was done, and the 
numerous other city officials with whom came contact, and who, 


practically without exception, did everything within their power 
further the carrying out the work. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


PRECARIOUS EXPEDIENTS ENGINEERING 
PRACTICE. 


presenting this paper for the Society’s consideration, the obser- 
vation may made that not, the strict sense the term, 
scientific paper. would seem, however, that engineers had 
thoughts aspirations regard their Profession, other than those 
applying technical details, that Profession, and the Society which 
represents it, would fall short the standards which inspire workers 
other fields. the many papers which are continually 
being presented, attention directed methods and formulas 
which one may build safely and efficiently. With these two watch- 
words the Engineering Profession—“safety” and 
not necessary class the additional word, “honesty”? the 
Engineering Profession, other professions, ordinary intentional 
dishonesty sooner later brings its own punishment. not 
such self-evident facts that the writer would draw attention. 

There another kind dishonesty which one may, without 
premeditation, made accessory, which known every engineer 
and architect, yet very rarely discussed. Possibly this because some 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
discussion will published Transactions. 
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may believe the result the present method financing large 
construction work, others that caused undue competition among 
contractors; and there are few who pessimistically declare that 
simply part the ever-increasing laxity moral standards all 
fields industry. Whatever the cause, the writer’s object 
expose the facts relating the use certain precarious expedients, 
and hint possible remedy. hoped that the presentation 
this paper the Society, and not the public press, will demon- 
strate that not intended “muck-raking” article. The evil 
lies within the circle knowledge professional men, whose 
efforts alone can eradicated. 

Let assumed that some large piece work—a public library, 
railroad terminal, hospital, power-house, municipal pump- 
ing station—is constructed. either engineer archi- 
tect may engaged take supreme charge the design and con- 
struction, will referred herein the “designer.” The 
“designer,” then, having received his appointment, proceeds with the 
preparation his plans. Now, architect, his specialty 
will take form the artistic embellishment and utilitarian arrange- 
ment his design. will have, either from his own knowl- 
edge from that his office force, the qualifications necessary 
the design all the other factors, such structural com- 
putation, economic lay-out heating and lighting, sanitary arrange- 
ment plumbing, and the like. sure, some his assistants, 
even himself, may able one two these things 
well specialists, but seldom all them. structural engineer 
the “designer,” then that feature the work, and perhaps one 
two others, will receive the fullest emphasis, the possible detriment 
the architectural mechanical side. 

Now, occasionally, the “designer” calls his assistance specialists 
each the departments with which (or his office force) un- 
familiar. Their fees are usually higher proportion than that which 
the “designer” himself receive, and must paid out his own 
pocket. Also some his assistants soon acyuire that “little 
learning” which dangerous thing,” and begin believe them- 
selves capable doing the specialist’s work future occasions. 
These two reasons militate against this solution the problem. 

Next order comes the method which the writer believes used 
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the majority cases, where the work involves number radically 
different specialties. The “designer” prepares his plans and specifica- 
tions, complete form far his knowledge carries him, tentatively 
the points where that knowledge lacking. Then, whether 
the problem reinforced concrete design, heating, lighting, 
what-not, allows some the contractors, who have been importun- 
ing his office with this very object, examine his tentative plans and 
make suggestions for increasing their efficiency and practicability. 
course, there opportunity here for the ordinary, intentional 
dishonesty heretofore referred to, such the insertion plans and 
specifications some privately controlled patented device, the 
stone from some particular quarry, the like. However, 
assumed that the “designer” not intentionally dishonest, and that 
will listen suggestions this kind. 

the services these contractors, expressly stipu- 
lates that thereby placed under obligation them, and that 
accepts rejects their recommendations changes the 
design with precisely the same freedom that would had ealled 
consulting experts. The difference consists the fact that has 
not had pay over large proportion his fee. 

According the usual custom, the “designer” receives half his 
total fee upon completion the working plans and specifications. 
This almost always exhausted his office expenses this point. 
His profits lie what left the second half the fee, after deduct- 
ing his expenses for superintending the actual construction. Should 
the work not built, for any reason whatsoever, the “designer” 
would not receive this second half his fee. Small wonder, then, 
that reluctant pay out his own pocket for specialists, 
time when the ultimate financial outcome himself still doubt. 

Returning, now, the contractors, found that the case 
work being planned for private individuals corporations, they have 
frequently secured from the owner letters introduction the 
“designer,” which cannot ignored; but, most cases, those kind- 
hearted gentlemen, the contractors, carry their competitive methods 
right the point trying excel each other doing the greatest 
amount work for nothing. They are ready furnish samples 
brick, stone and mosaic, working models hardware and plumbing 
devices, cartoons ornamental terra-cotta, designs reinforced 
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crete and ironwork, lay-outs heating lines electric wiring, 
pass upon and revise the “designer’s” embryonic drawings and specifi- 
any these subjects. 

not let forgotten that the “designer” intends abso- 
lutely honest. warns these contractors, from whom, one point 
the other, has accepted advice assistance, that will not 
permit the introduction exclusively controlled devices, and that the 
general contract given the lowest bidder, irrespective all 
else. municipal job, bids will advertised for; private 
the list contractors invited bid will long enough render 
favoritism impossible. Does this discourage the contractor who 
giving time and thought, which means money, the details his own 
specialty the general plans the “designer’s” office? Not the 
least; works hard, constantly changing his lay-out, whatever 
line may be, suit the general scheme evolves from the 
mind. Furthermore, his work and his recommendations 


are honestly rendered, and about efficiently that the high- 
priced specialist whom the “designer” might have engaged. Also, the 


contractor who allowed render this assistance never leaves out 
anything, nor—and this should well noted—does attention 
anything superfluous that may exist the tentative lay-out prepared 
the “designer.” 

Now pass the time subsequent the receipt bids from the 
general contractors. These bids, which are each case the aggrega- 
tion lowest prices received the general contractor from various 
sub-contractors, added his estimate for that portion the work 
which will himself, are honestly rendered. The contract for 
bridge, library, power-house, whatever may be, usually 
awarded the lowest responsible bidder, who then becomes the general 
contractor. 

For the proper execution and construction the work, usually 
found necessary insert the specification that the general con- 
tractor’s selection sub-contractors shall subject the approval 
the “designer,” and, some cases, the owner also. The general 
contractor presents his list “subs,” and this list are almost certain 
found some the very men who rendered aid, one way 
another, the “designer.” for other reason, they are the 
list because their estimates the general contractor were the lowest 
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which had received. Though the most honest man the 
world, the “designer” cannot help giving his consent the employ- 
ment these sub-contractors, for two legitimate reasons: First, 
reasonably sure their ability perform their particular work satis- 
factorily, would have had nothing with them the first 
place. Secondly, their intimate prior knowledge the plans and 
specifications renders likely that they know the requirements the 
job. Another reason the fact that sometimes the owner may indi- 
cate his desire have these very sub-contractors approved, unless the 
“designer” can offer definite reasons why they should not be. 

digression the effort ascertain why the owner, whether 
corporate municipal, should favor not only the approval certain 
sub-contractors, but even urge the “designer” obtain their co- 
operation when the plans are being prepared, single example each 
class, taken from actual occurrences, will given: 

certain large corporation, insurance company, was erecting 
building enormous size. The structural steel design was diffi- 
cult problem, but one well within the “designer’s” power. Neverthe- 
less, the president the company insisted that certain structural 
iron contractor should have his engineers check the design. The 
general contract was awarded, and the list “subs” was presented 
the “designer” for approval. this list were two structural iron 
firms, one independent firm, the other the direct agent “the 
The general contractor had noted that the “independent” bid 
was the lower. The president the insurance company sent for the 
and made him admit that each firm could the work 
equally well. Also, was obvious that, since the general contract 
was let for lump sum, the relative cost the ironwork bids did not 
enter into the discussion. The designer was directed approve the 
iron firm which made the higher estimate, because that firm, “having 
intimate knowledge the plans, showed from its figures that the 
work could not done honestly for the price quoted the inde- 
pendent firm.” The “designer” gave his approval, directed. 
course, the trust behind the higher bidder was financially affiliated 
with the insurance company, and interesting note that the net 
cost the successful firm executing the ironwork was quite little 
lower than the bid the independent. that case, the general con- 
tractor simply paid rebate unwillingly the owner, but the 
“designer” was made the tool unfair transaction. 
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example the second class, having with municipal owner- 
ship, may cited with equal ease. many cities, appropriations 
for public buildings, bridges, and the like, are requested the super- 
intendent commissioner having jurisdiction over the department 
which requires them. Assume that the request passed upon favor- 
ably superior board, and goes body, such Board Alder- 
men, for final ratification. This final deciding power, say, has not the 
right alter the amount the appropriation, the purpose for 
which requested, but has the privilege withholding its 
approval long wishes. such approval unreasonably 
delayed, may assumed that the superintendent commissioner, 
anxious gain credit for his administration carrying out the much- 
needed work, for other reason, seeks ascertain the cause 
delay. knows man, who, holding official position, neverthe- 
less cognizant everything this line. This man suggests that, 
the appropriation can passed, certain “designer,” whom 
names, should appointed. The superintendent commissioner 
readily agrees. The knows nothing all this, nor 
expected to. His first information comes from the man official 
position, who tells him has been suggested “designer” this 
great public work. 

Now all governing bodies, whether Boards Aldermen not, 
have guiding spirit, may assumed that the unofficial man obtains 
the ear the guiding spirit. The appropriation quickly passed, 
and the superintendent commissioner, free and untrammeled, ap- 
points the “designer” prepare the plans. The course events 
thenceforth the same that previously described, and, when the 
list sub-contractors comes in, after the general contract has been 
let the lowest bidder, the man official position the spot. 
Not being connected with the municipality, there legal reason 
why should not stockholder, the pay-roll, some 
these sub-contractors who appear the list. The “designer” not only 
knows that owes his appointment this man, but may also 
have vague suspicion that the work would never have been pro- 
ceeded with, but for his efforts. What could more natural, than 
that, confronted with the names two sub-contractors equally 
good standing, the designer should give his approval the one sug- 
gested his influential friend? 

Should the “designer” feel reluctant about acquiescing this 
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matter, though after all does not benefit him directly 
financial sense, adopts the following expedient. gives his ap- 
proval two sub-contractors, one which the favored firm. The 
general contractor thereupon beats each down the bottom price, and 
then takes steps find out which the favored firm the powers 


above the “designer.” This one takes care employ, irrespective 
the cost; neither does fail emphasize the fact, for “bread 
upon the waters.” Discrimination cannot, true, shown the 
award the general contract for municipal structures, but the right 
reject all bids always reserved. this means, the unpopular 
unpolitic general contractor always frozen out when his bid 
happens lowest for the entire work, and wishes remain 
popular, even few extra dollars sub-contracts. 

this point, all that has been said shows clearly, else the 
purpose this paper has failed, that the situation the “designer” 
not his own creation, being forced him circumstances, and 
that does not profit directly the extent dollar thereby. Also, 
should distinetly remembered, has done nothing necessarily 
prejudicial the safety efficient construction the work has 
designed. 

Somebody, however, must making undue unfair profit. 
Why the and their financial backers, their silent 
partner, “the man who holds official position,” many kind 
acts for apparently nothing, least for the ordinary contractor’s 
profit only 

is, course, reasonable infer that prior familiarity with the 
plans the proposed work gives these sub-contractors certain 
advantage making their estimates. Having had plenty time 
prepare accurate statement cost, they can naturally give 
closer figure than their competitors who have, perhaps, had only few 
hours examine the plans and specifications file the office the 
general contractor; but this advantage not any 
only one. 

the the preparation plans and specifications, 
particular mention was made the fact that nothing superfluous 
design requirements construction ever stricken out. When 
the opportunity offers, when the subject happens one which 
not even fairly well informed, the sub-contractor, 
his advisory capacity, can easily insert ueedless requirements into 


the “designer 
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drawings and specifications. Should that subject be, for example, 
heating plumbing systems, extra lines piping may shown, 
which only expert this specialty could with certainty declare 
needless; or, the case the specifications, many requirements 
elaborate testing, extensive submission expensive samples, may 
inserted, the enforcement which requirements may may not 
considered essential, depending who obtains the contract 
eventually. 

Let now assumed that the general contract has been awarded, 
that the sub-contractors, among whom are the favored ones, have been 
approved, and that the work has been started. Sooner later the 
“designer” informed that certain changes may made the plans, 
certain requirements the specifications waived, without detriment 
the work. The “designer,” being still conscientious, investigates 
these statements, even calls other contractors for their advice, and 
finds that the requests omit certain things are entirely reasonable. 
the elaborate requirements for testing, samples, and the like, 
they too are unnecessary, responsible parties are doing the work. 
Who could considered more responsible than those who assisted 
its design? The request for their omission curtailment granted 
more less readily. 

this point may remarked that there are two kinds 
specifications, the loosely-worded, “blanket” kind, and the one filled 
with elaborate and detailed requirements tests, samples, and 
on, both which offer every opportunity for this kind discrimina- 
tion. The first class, the loosely-worded one, clear only the one 
point that all power vested the “designer,” can interpreted 
that the cost the entire work, any part thereof, may turn out 
anywhere from one-half the estimated amount twice that figure. 
for the other class specifications, impartial examination 
the multiplicity petty, often unnecessary, though always costly, 
requirements, will show that enforced down the last detail, the 
work could not performed for twice the contract price. That all 
will not enforced is, course, discounted the contractor’s bid; 
but only the sub-contractor who intimate terms with the 
and who has assisted preparing the lay-out, can 
reasonably sure the omission these petty and harassing stipula- 
tions, far his particular work concerned. 

Specifications this latter class are notoriously frequent. 
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though they assist his scheme materially, not the politic sub- 
contractor who responsible for them. They are the result over- 
weening vanity the part the “designer,” who desires insert 
therein every requisite and every obligatory condition that has 
ever read heard about, and whose method making each specifi- 
cation better and more complete than the last keep adding 
voluminous requirements, without ever weeding out the useless and 
obsolete clauses evolved during the earlier years his practice. 
Returning now these requests for omissions. has been as- 
sumed that the “designer” honest man. may, and often does, 
demand allowance from the sub-contractor when the request en- 
tails, not only less rigid enforcement the technical clauses his 
specifications, but the actual omission material and work well. 
Then the sub-contractor goes the general contractor and lays the 
case before him. The latter knows the “pull” possessed the sub- 
contractor with the owner, and glad assist. The two over the 
plans and specifications together minute detail. Now, rare 
indeed that, the case large piece construction work, some- 
thing essential, either design specifications has not been inad- 
vertently omitted the “designer.” the writer’s opinion, there 
has never yet been executed large contract where there was not 
something installed, some work done, which the general contractor 
could not have legally evaded the ground that was not shown 
required. 
provide against these errors omission, certain 


occur, that some designers have adopted the “blanket” clause. This 
frequently found the following form: 


“Should any items omitted the drawings and mentioned 
the specifications, shown the drawings and not mentioned the 
specifications, neither shown nor mentioned either the drawings 
specifications, but reasonably implied, and, the opinion 
the ‘designer,’ necessary the complete and satisfactory execution 
operation the work works, shall understood expressed 
both, and shall carried out expressed, and directed 
the correspond all respects with the remainder 


the work and works.” 
Now, indeed fortunate for the general contractor that the 
courts not interpret such clause conveying the “designer” 


the all-supreme powers that appears to. Nevertheless, furnishes 
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basis for tedious litigation, which the contractor desires spend 
neither his time nor his money. The result usually compromise. 

Having located the items “neither shown nor mentioned,” the 
general contractor goes the “designer” and makes counter demand 
for extra payment. The then quandary. 
knows that endeavors enforce his “blanket” clause, and 
the amount involved sufficiently large, the contractor will fight it. 
This involves legal expenses and delay the execution the work, 
either which causes would bring down the wrath the owners 
upon the head the “designer.” willing, most cases, 
give entirely, admit his error, and transmit the owner, with 
his approval, the contractor’s request for extra payment. 
would not only render him subject the accusation incompetency, 
and having prepared incomplete design, but also, especially the 
case public work, might impossible obtain additional 
appropriation. 

Thus the “designer” also, ready for compromise. This offered 
the general contractor, who agrees the necessary extra work 
without charge, the “designer” will agree the omission, without 
allowance therefor, the unnecessary details, requested the 
particular sub-contractor heretofore mentioned. Here, again, the 
“designer,” particularly desiring honest the end, may require 
statement showing that the value the work added equal that 
work omitted. course, this rarely the case, but the statement 
always rendered. The contractor better authority than the 
“designer,” the detailed cost fractional parts his work, and the 
“designer” can nothing but accept his word for the accuracy the 
statement. 

This completes the chain. The industrious sub-contractors have 
not only secured their contracts against knowing 
how bid little lower, but they are actually making considerably 
larger percentage profit than their competitors would have made, 
even the higher prices. 

There nothing actually illegal all this, and engineers and 
architects the highest ethical standards are constantly being forced 
into just such situations. The resultant tendency toward discrimina- 
tion and the unfair application specifications cannot help but lower 
the standards professional integrity. Graft and dishonest practice 
are only the next step downward. Such words lose their justly re- 
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pelling when the actions which they symbolize become our next- 
door neighbors. The taint this corruption spreading, not only 
among engineers and architects who are the position the 
“designer,” but its baleful influence must necessity cast its spell 
over the young engineers employed many contracting firms, who are 
thus brought into contact with “the system,” and who find their 
splendid ideals the old-time engineering standards trailing the 
wake conscienceless competition. 

Even though the writer may have succeeded showing clearly 
the existence this unfortunate condition affairs and its im- 
portance the Engineering Profession, the purpose this paper 
would but half accomplished were there not possible remedy 
suggested. 

When paid commission lump-sum basis, the “designer’s” 
fee not always sufficient insure reasonable profit, over and above 
his office and running expenses, commensurate with the long years 
technical training and experience subordinate capacities con- 
sidered necessary preparation, before entrusted with im- 
portant work. Bearing mind those unfruitful years, from finan- 
cial point view, has become customary for the “designer” 
reduce his expenses, and the same degree increase his profits, 
inserting the contract clause requiring the contractor pay the 
salary the inspector inspectors, employed the “designer,” 
immediate supervision the actual construction. These inspectors, 
however, are directly responsible the and are subject 
only his authority. 

The first step, therefore, insure, agreement between the 
owner and the “designer,” that the fee charge for professional ser- 
vices shall properly commensurate, not only with the gross cost 
the proposed construction, but also with the difficulties involved. 

Secondly, should arranged that this charge should paid 
successive installments, such proportion that four-fifths, and not 
one-half, the total amount, should paid upon completion work- 
ing drawings and specifications. This, for reasons heretofore noted, 
corresponds more closely the expenses the “designer” this 
point the work. 

Thirdly, there should prior agreement between client and 
“designer” what specialists—such heating, electrical, sani- 
tary engineers—are employed (if their employment necessary), 
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and what fees are paid each. Their fees may come out the 
own charges, need be, but the amount should always 
pre-determined his agreement with the owner. 

Next importance comes the question payment the field 
inspectors during construction. has been seen that this has been 
required the contractor, who, course, figures the cost thereof 
his estimate for the work. the owner pays for just 
surely though signed the weekly salary check himself. 

the writer’s opinion that, the case men not honest 
the “designer” has been assumed be, this system very fertile 
for graft. The “designer” having the absolute right appoint 
the inspector and fix his salary, from nothing all the amount 
specified the contract, may, striking medium between these two 
figures, save considerable sum the general contractor. This sav- 
ing, rebate, which really comes out the owner’s pocket, may 
applied various purposes, such offsetting the contractor’s claims 
for extras due mistakes omissions the design, the more 
frankly grafting one thereby obtaining the favor contractor 
influential enough throw more work the “designer’s” way. 

All this temptation could eliminated having the inspector 
paid directly the owner, instead indirectly, present. The 
salary could fixed the prior agreement between owner and 
“designer,” and the selection the individual could made subject 
the approval both. 

The inspector should also subject discharge either owner 
“designer,” and his duties should consist rendering daily reports, 
duplicate, both, showing first, the exact progress the work 
date, and secondly, describing detail any and all variations from the 
requirements plans and specifications. This inspector should not 
given power condemn work. His reports, coming daily under 
the eyes the engineer inspectors the regular employ the 
“designer,” would enable them perform judicially all the condemna- 
tion necessary letter, occasional visit the work. The field 
inspector, however, being constantly the job, may with propriety 
warn the contractor when incorrect improper work being done, 
and announce his intention reporting the same. The contractor 
must then decide whether not persist the face such warning. 

Then essential that all allowances for work omitted, and all 
extras for additional work done, should settled one the two 
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following methods: First, possible, the deduction the extra 
should computed the basis “unit prices,” named the 
contractor his bid. Second, when the first not possible, such 
amounts should decided arbitration between the “designer,” the 
general contractor, and third party acceptable both. The valua- 
tion should based actual cost the work involved, 
which should added, from which should subtracted, certain 


fixed percentage representing the contractor’s profit. This percentage 


should fixed, and component part the contract when 
signed. extra work should accepted gratis from the contractor. 
such did occur, would immediately come the owner’s attention 
through the duplicate reports the field inspector, and should indicate 
him that some kind reciprocal favoritism was progress between 
contractor and “designer.” 

the adoption these safeguards, would seem that, not only 
intentional dishonest graft could prevented, but also the more 
subtle kind with which the “designer,” though profiting nothing 
directly thereby, continually being entangled. The remedy here 
pointed out not intended produce check the ambition the 
“designer,” nor does imply presumptive suspicion his honesty. 
the contrary, true safeguard against combination cir- 
cumstances which would place him position, say the least, 
unenviable. 

There secondary advantage the Profession whole, 
namely, that under the protection here outlined, the work the 
may judged its own merits. longer may 
inferred that the mistakes and omissions the young “designer” are 
necessarily the natural result his inexperience. longer will the 
apparent flawlessness the work the older “designer” ascribed 
his knowledge, when shall have become more 
amenable the wily subterfuges the contractors’ system, which, 
its own advantage, conceals mistakes. The client owner will obtain 
the work for which has paid. The “designer,” without pull 
political affiliations, will the same basis the one whose finer 
sensibilities have become blunted through intimate relations with 
scheming contractors. 

After all, when engineers have written and talked over the technical 
details their work, have commented upon and discussed this that 
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theory design method construction, does there not remain some- 
thing even more important the consideration those high ideals 
which should underly all else the Profession? is, course, im- 
portant that engineers should true their work, and those 
standards knowledge and efficiency set those who have gone 


before, but not equally vital that they should true them- 
selves 
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These observations are written with the purpose outlining briefly, 
far the writer was concerned, the evolution the scheme 
bringing the Pennsylvania Railroad and the Long Island Railroad 
into New York City, and also, Chief Engineer the North River 
Division the New York Tunnel Extension the Pennsylvania 
Railroad, record general way some the leading features 
the work this division, which that portion the work extending 
from the east line Ninth Avenue, New York City, the Hacken- 
sack Portal the westerly side the Palisades, introduction 
the papers the Chief Assistant Engineer and the Resident Engi- 
neers describing detail the work constructed. 

may stated that, since shortly after the year 1871, when the 
Pennsylvania Railroad system was extended New York Harbor 
through the lease the New Jersey Lines, the officers that com- 
pany have been desirous reaching New York City direct rail 
connection. 

The writer’s first connection with the tunneling the North River 
was early 1890, when was consulted the late Austin Corbin, 


This printed introduction others describing the New York Tunnels 
and Terminal the Pennsylvania Railroad, which will appear the Proceedings for 
February, 1910, and subsequent numbers. 
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President the Long Island Railroad Company and the Philadelphia 
and Reading Railroad Company, the feasibility connecting 
the Long Island Railroad with the Philadelphia and Reading Railroad 
(or with the Central Railroad New Jersey, which was the New 
York connection the Reading) tunnel from the foot Atlantic 
Avenue, Brooklyn, under the Battery and New York City, and directly 
across the North River the terminal the Central Railroad New 
Jersey. Surveys, borings, and thorough investigations were made, and 
the Metropolitan Underground Railroad Company was incorporated 
the State New York construct this railroad. Mr. Corbin, 
however, was aware that, the transportation problem had hand, 
the Central Railroad New Jersey and the Philadelphia and Reading 
Railroad were not important factors the Pennsylvania Railroad, 
and, consequence, abandoned the scheme for tunnel the 
Central Railroad New ersey for line direct the Pennsylvania 
Railroad terminal Jersey City. 

Meantime, the Pennsylvania Railroad Company, result its 
investigation the matter, June, 1891, thought that the most 
feasible project seemed build tunnels for rapid transit passen- 
ger service from its Jersey City Station the lower part New 
York, connecting there with the rapid transit systems that city, 
and also extending under New York the line Cortlandt Street, 
with stations and passenger lifts the main streets and elevated 
railroads. 

The late Cassatt, then Director the Pennsylvania Railroad 
Company, and previous thereto General Manager and Vice-President 
(and later President) that company, was deeply interested 
obtaining entrance into New York City, but was not satisfied with 
the proposed rapid transit passenger tunnels which required the 
termination the Pennsylvania Railroad trains its Jersey City 
Station. Therefore, upon his request, September the same year, 
another study and report was made Joseph Richards, Am. 
Soe. E., then Engineer Maintenance Way the Pennsyl- 
vania Railroad, route beginning New York City 38th Street 
and Park Avenue the high ground Murray Hill, thence crossing 
the East River bridge, and passing around Brooklyn Bay 
Ridge, thence under the Lower Bay Narrows Staten Island and 
across the mainland, reaching the New York Division the 
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Pennsylvania Railroad some point between Rahway and Metuchen. 
Mr. Cassatt also had mind that time connection with the New 
England Railroad, then independent, but now part the New York, 
New Haven, and Hartford Railroad system, means the Long 
Island Railroad, and tunnel under the East River, which later 
years, the result further consideration the situation, has been 
covered the proposed New York Connecting Railroad with bridge 
across the East River and over Ward’s and Randall’s Islands. 

result these investigations, the late George Roberts, who 
was then President the Pennsylvania Railroad Company, authorized 
expenditure about $25 000 for soundings determine the nature 
the strata for tunneling under water. These soundings were carefully 
made Mr. Richards with diamond drill, bringing the actual 
core all rock found crossing the waters New York Bay from 
the west the east side and extending from the Narrows the Jersey 
City Station the Pennsylvania Railroad. 

After these investigations had been made, early 1892, Mr. 
Roberts expressed himself being favorable the undertaking, with 
the definite limitation that the tunnels must for small cars doing 
local suburban business, and for the transfer Pennsylvania Rail- 
road passengers and from New York, Brooklyn, and Jersey City, 
and not any way tunnels for standard steam equipment, the 
expense for terminals and the prohibited use coal for fuel such 
tunnels not warranting any broader consideration. Under such in- 
structions, the interests the Pennsylvania Railroad Company for 
effecting physical entrance into New York City that year were 
turned over Samuel Rea, Am. Soc. E., then Assistant the 
President that Company, who has been identified with the investiga- 
tions, and the progress and construction this work since that time, 
Mr. Cassatt also working conjunction with him the plans then 
and since considered the Pennsylvania Railroad Management. 

October 5th, 1892, Mr. Rea, under special direction President 
Roberts, made extended investigation the various routes which 
had then been projected for extending the system into New York City 
rail transport, and reported Mr. Roberts that, his opinion, 
because the limitation the tunnel scheme rapid transit trains 
and the consequent transfer passengers and traffic carried passen- 
ger trains, and because the drawbacks caused the use steam 


loco 
any 

reac 

best 

rail 

side 

city 

piel 

Str 

nus 

Str 

dec 

tra 


NORTH RIVER PENNSYLVANIA TUNNELS 137 


locomotives full-sized tunnels, and the objection cable traction 
any system transportation which had not then stood the test 
years practical service, the plan the North River Bridge for 
reaching New York City and establishing terminus therein was the 
best that had been evolved that time. The plan provided direct 
rail entrance into New York City for all railroads reaching the west 
side the Hudson River, and also for the New York Central and 
Hudson River Railroad, well adequate station facilities that 
city. This bridge would have had one clear span 3100 ft. between 
pier heads, landing the New York side the foot West 23d 
Street, and thence the line would have passed diagonally the termi- 
nus Sixth Avenue and 25th Street. The location the terminus. 
was subsequently changed the vicinity Seventh Avenue and 36th 
Street. The bridge was designed with three decks: The first lower 
deck was accommodate eight steam railroad tracks; the second was 
have six tracks, four which could assigned for rapid transit 
trains operating with electric power, and the other two for steam rail- 
road trains; the third deck, reached elevators, was prome- 
nade extending from anchorage anchorage. connection with the 
Eleventh Avenue tracks the New York Central and Hudson River 
Railroad was bring the trains that road into the Union Station: 
The Bridge Company had Federal charter—granted 1888—with 
broad powers. Gustav Lindenthal, Am. E., was Chief Engi- 
neer, and and Mr. Rea were corporators and among its early pro- 
moters. The Pennsylvania Railroad Management looked with favor 
its construction that time, subaqueous tunnels, with standard 
railroad equipment with steam traction, were not regarded final 
attractive solution the problem, from the standpoint the 
Management, and subsequent period the Pennsylvania Railroad 
Company agreed use the North River Bridge provided the other 
roads reaching the west bank the Hudson River would join. These 
roads, however, did not avail themselves the opportunity which 
its broadest scope was laid before them 1900, after the Board 
Directors the Pennsylvania Railroad Company had approved the 
scheme the instance Mr. Cassatt. 

The scheme Mr. Corbin for subway connection, between 
Flatbush Avenue and the Jersey City Station the Pennsylvania 
Railroad, for local transit, took form 1892, and, jointly with the 
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Pennsylvania interests, railroad companies were incorporated the 
respective States build tunnel from under the Jersey City Station, 
under the Hudson River Cortlandt Street, New York City, thence 
under Maiden Lane, the East River, and Pineapple and Fulton Streets, 
Brooklyn, location near Flatbush and Atlantic Avenues. 
May 9th, 1893, these companies were merged into the Brooklyn, New 
York, and Jersey City Terminal Railroad Company, and estimates 
and reports the construction were made ready the writer asso- 
ciation with Mr. Rea, pending application for the franchises. The 
panic 1893, occurring about that time, checked further progress 
this scheme, and, before could revived again, other important 
projects for reaching New York City were given consideration. 

That part Mr. Corbin’s plan contemplating subway under 
Atlantic Avenue Brooklyn the present Flatbush Avenue Terminal 
was not new idea, tunnel had been built 1845 and operated 
under portion Atlantic Avenue, but later was filled up. Plate 
XXVIII, reproduced from crayon sketch which was the property 
the late William Baldwin, Jr., view this tunnel. 

conjunction with schemes for river tunnels, complete plans for 
rapid transit subways for New York City, very much the line 
the present rapid transit subways, were also prepared for Mr. Corbin 
the writer. These plans provided system deep tunnels 
rock, entirely below the plane quicksand, and the Battery the 
lines were connect directly into the tunnels Long Island and 
New Jersey, respectively, and the stations throughout, where the rock 
was deep level, were fitted with elevators, grouped sug- 
gested Plate XIX, using private property each side the 
street station locations—one side for north-bound and the other side 
for south-bound traffic. These plans were submitted the first Rapid 
Transit Commission, and, after long consideration, were rejected 
that Commission because they provided for the construction the 
tunnels private company, notwithstanding Mr. Corbin gave the 
Commission assurances ample financial means carry the work 
completion. 

During the years 1892-93 Mr. Corbin was convinced that was 
necessary get better facilities for handling the baggage and express 
matter the Long Island Railroad and the Long Island Express Com- 
pany across the East River between Long Island City and New York 
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City, and instructed the writer investigate and report the 
feasibility building tunnel, along the lines the East River Gas 
Tunnels, then nearly completed, between the foot East 34th Street, 
New York City, and the Long Island City Station the Long Island 
Railroad. 1893 investigation was made for such tunnel, 
similar size the East River Gas Tunnel ft.), solely 
for the purpose handling baggage and express matter. 
tion was made and estimates prepared, but the cost was considered 
prohibitive view the possible earnings solely from the handling 
baggage and express, and the matter was not considered further. 

While Mr. Corbin was deeply interested the down-town river 
tunnels, the up-town situation was great importance the Long 
Island Railroad, and, having allied himself with Mr. Charles Pratt, 
they took generally the franchise owned Dr. Thomas Rainey 
for bridge over Blackwell’s Island. Mr. Corbin became interested 
with Dr. Rainey 1894, and the actual construction proceeded 
this bridge. The design provided for four railroad tracks, besides 
highways for tracks, pedestrians, etc., with terminal station Third 
Avenue and 64th Street, New York City, which, under the franchise, 
was the limit which the railroad could proceed. 

this period there were two projects for bridging the Hudson 
North River: the New York and New Jersey Bridge Company 
about 59th Street, and the North River Bridge Company 23d 
Street, hereinbefore described. Several studies were made the 
writer, with the idea making rail connection between the Long 
Island “Rainey” bridge and bridge over the North River. over- 
head structure connection was prohibitory, franchise could 
obtained cross Fifth Avenue with overhead structure. Sketches 
were prepared for subway construction connect with the bridges, 
but final plan was not worked out. 

The failure to-carry out the joint undertaking with the Pennsyl- 
vania Railroad Company 1893 led Mr. Corbin revive the scheme 
extending the Long Island Railroad from Flatbush Avenue, Brook- 
lyn, New York City, therefore consideration was given relo- 
cation the route for Mr. Corbin during the early months 1896, 
the idea being that the entire up-town outlet for the Long Island Rail- 
road would Blackwell’s Island Bridge, and the tunnel project 
would give the down-town outlet. 
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this time commission had been appointed the Legislature 
investigate the conditions Atlantic Avenue, Brooklyn, and evolve 
some scheme for the elimination grade crossings that avenue. 
Early 1896 plans were prepared and presented this Commission; 
first, for subway from Flatbush Avenue Terminal for the entire 
distance the limits the City Brooklyn Eldert’s Lane; second, 
for subway from the Flatbush Avenue Terminal East New York, 
Manhattan Crossing, the railroad remain previously existed 
through the 26th Ward Brooklyn. these schemes 
contemplated extension through Brooklyn New York City 
Cortlandt Street and Broadway, and surveys and borings for this work 
were made across the East River. the summer 1896, the 
decease Mr. Corbin, all projects and work were immediately stopped; 
but, after some months, Mr. Baldwin, Jr., when elected Presi- 
dent the Long Island Railroad Company, took actively the 
reconsideration the means whereby the Long Island Railroad could 
reach New York City. After the fullest consideration, decided that 
the Blackwell’s Island Bridge was means suitable, adequate, 
convenient entry for the Long Island Railroad into New York City, 
involved too great cost and altogether too rigid connection; 
was also very inconvenient location, inasmuch was cut off from 
convenient access the west side New York City Central Park. 
For the down-town connection, Mr. Baldwin became enthusiastic, 
but had mind, throughout, the all-important necessity for the 
Long Island Railroad reach the Pennsylvania Railroad across the 
North River. the same time Mr. Baldwin took energetically the 
Atlantic Avenue Improvement with the Atlantic Avenue Commission, 
and, consideration, decided was essential that should extend 
through the 26th Ward above below grade. The better plan, 
course, was obviously make subway throughout, but, further, 
the residents this ward objected the subway through that 
section, and that construction would have made any change the 
Manhattan Beach Division Manhattan Crossing very difficult for 
the future; besides this, the controlling factor was the absolute 
limitation the City Brooklyn the amount expenditure 
therefor which they would participate, therefore composite 
scheme, which the plan carried out, was agreed upon, being 
part subway and part elevated. This scheme reached focus 
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early 1897, and the law constituting the Board for the Atlantic 
Avenue Improvement was passed, with provision the last para- 
graph the Act, for the construction tunnel from Flatbush 
Avenue Terminal under Flatbush Avenue and Fulton Street 
Pineapple Street, crossing the river Broadway and Maiden Lane 
(Cortlandt Street), New York City, and with the understanding 
that would extended beyond the New York State Line the 
Pennsylvania Railroad Station New Jersey. This gave the legal 
right for the construction this tunnel, and, June 20th, 1899, 
the New York and Long Island Terminal Railroad Company was 
for the purpose, Mr. Baldwin being President and 
Davies, Am. Soc. E., Chief Engineer. Application was 
immediately made the Boards Aldermen and 
New York City. The latter acted favorably the application, but 
the Board Aldermen Brooklyn held the matter up, while the 
Rapid Transit Commission laid out and promulgated the plan for 
Contract No. the Rapid Transit Subway. With the under- 
standing that the Rapid Transit Brooklyn extension would con- 
structed the Flatbush Avenue Terminal, Mr. Baldwin withdrew 
the application for the independent franchise, and agreed pro- 
ceed with the Atlantic Avenue Improvement, the basis the City 
proceeding with the Brooklyn extension the Rapid Sub- 
way. This provided for the Long Island Railroad entry down town. 

Subsequently, however, was proved that Mr. Baldwin -had not 
been fully satisfied that this was the proper solution the matter, 
for April 12th, 1901, and upon his recommendation, the Board 
Directors the Long Island Railroad Company took over from 
the Pennsylvania Railroad Company its entire interests the old 
Brooklyn, New York, and Jersey City Terminal Railway Company, 
thus giving him control the route from Flatbush Avenue via Maiden 
Lane and Cortlandt Street underneath the Jersey City station. 

the early part 1900 active consideration was being given 
the Pennsylvania Railroad and other railroads terminating 
New Jersey the proposed North River Bridge, hereinbefore 
stated, and, for the Long Island Railroad, Mr. Baldwin organized 
new company construct tunnel from the Long Island Railroad 
Sunnyside Yard, diving under the streets Long Island City 
two tracks under the East River the foot 33d Street and 
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then proceeding under 33d Street far Seventh Avenue. 
station was located Fourth Avenue below the Rapid Transit 
Subway Station and also large Terminal Station Broadway. For 
this purpose option was obtained the property the Newbold 
Lawrence Estate, Broadway, Sixth Avenue, 33d and 34th Streets, 


now occupied Saks’ Store. Mr. Baldwin, however, considered that 


the amount the investment for that property was too 
great for this purpose, and allowed the option expire. The property 
was sold within week thereafter the Morganthau Syndicate for 
this time (May, 1900), the Pennsylvania Railroad 
obtained controlling interest the Long Island Railroad, and there- 
after the two schemes became one. Mr. Baldwin and Mr. Rea pur- 
chased two 25-ft. lots 33d Street just east Broadway for 
entrance the underground station. Plans were also prepared for 
extending this line from Seventh Avenue northward under Seventh 
Avenue 45th Street. The investigation and preliminary work 
connection with this project were carried out the early part 1900. 

Reconsideration was given Mr. Baldwin the proposed location 
the up-town tunnels, with the idea connecting the New York 
Central and Hudson River Railroad tunnel between Long Island 
City (Long Island Railroad Station) and the foot 42d Street and 
extending the Grand Central Station, but nothing further than 
investigation and the preparation estimates was done this. 

the summer 1901 Mr. Cassatt was Paris and was advised 
Mr. Rea the opening the extension the Orleans Railway 
the Quai d’Orsay Station and its successful operation electric power, 
also the possibility the Pennsylvania Railroad reaching New York 
City similar way (the other trunk lines not having joined the 
promotion the North River Bridge project). once examined 
the new line, and then consulted the writer London relation the 
possibility building tunnels under the North River. The writer 
returned New York with Mr. Cassatt, and soon thereafter con- 
ference Mr. Cassatt, Mr. Rea, and Mr. Baldwin with the writer and 
Mr. Davies was held the Pennsylvania Railroad Company Office 
New York, when Mr. Cassatt outlined the scheme practically 
now carried out, the only difference being that also proposed 
station property the New York and Harlem Railroad Company 
33d Street, which was soon abandoned account the grade from 
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the East River, and particularly because the superior location the 
adopted site Seventh Avenue and 33d Street, this being central be- 
tween the down-town commercial and financial district and Central 
Park, which divides New York City. Mr. Cassatt’s instructions, 
surveys and investigations were begun November, 1901, and estimates, 
drawings, were made. Preliminary estimates were presented him 
November 8th, 1901. Following this, borings were continued, and 
plan was presented Mr. Cassatt for assisting the support the 
North River tunnels piles, necessary. the time the appoint- 
ment the Board Engineers and the general organization the 
work, the preliminary investigations and work had been carried 
advanced state. 

One result the determination the Pennsylvania Railroad Com- 
pany extend its lines into New York City and thus move its 


principal station from Jersey City, was that the down-town local and 


suburban well through business was not provided for properly. 
Mr. William McAdoo, appreciating this opportunity, revived the 
scheme electric subway from Jersey City New York, originally 
promoted Mr. Corbin and associates, but not including the extension 
via Maiden Lane Brooklyn, and entered into negotiations with the 
Pennsylvania Railroad Company provide for this down-town busi- 
ness extensions the tunnel lines the New York and New Jersey 
Railroads Exchange Place, Jersey City, under the Pennsylvania 
Railroad Station, and thence across the Hudson River Cortlandt 
and Church Streets. result, the Hudson and Manhattan Railroad 
Company was organized 1902, and contracts were made with the 
Pennsylvania Railroad Company for the sub-surface use its station 
Jersey City, and for the interchange passenger business that 
point between the trains the Pennsylvania Railroad Company and 
the tunnel the Hudson and Manhattan Railroad Company. Later, 
further contract was made with the Pennsylvania Railroad Com- 
pany providing for the construction the tunnel the Hudson and 
Manhattan Railroad Company westward under the tracks the 
Pennsylvania Railroad Jersey City junction with the latter 
Summit Avenue, which point can installed joint station, 
and the operation effected joint electric train service between 
Church Street, New York City, and Newark, J., the Pennsylvania 
Railroad tracks between Summit Avenue and Newark electrified 
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for that purpose, with transfer station established east Newark, 
Harrison, which point the steam and locomotives will 
exchange. means this, all down-town passengers will transfer 
the electric service Harrison Station, and thus the Pennsylvania 
Railroad Company expected relieved maintaining separate 
steam service for passenger traffic Jersey City and large down- 
town station with extensive contingent facilities that point. 

From the foregoing will seen that the final decision extend 
the Pennsylvania Railroad into and through New York City 
system tunnels, and erect large station that city most 
eligible site, was not reached hurried off-hand manner, but 
after years painstaking study and full and extended investigation 
all routes, projects, and schemes, whether originating with the 

Plate XXX map New York City and vicinity which are 
shown the various lines contemplated the evolution the New York 
Tunnel Extension the Pennsylvania Railroad hereinbefore outlined. 

The question tunnels under the North River was uncertain 
factor the larger Pennsylvania Railroad scheme, owing the nature 
the ground composing the river bed which the tunnels would 
constructed. 

well known that about years ago attempt was made 
construct tunnel under the North River using system 
under compressed air and forming the tunnels brick masonry. 
Owing the very soft nature the materials through which passed, 
several serious accidents and the work was abandoned after 
about 2000 ft. tunnel had been constructed. Later, this work was 
taken again, when shield was installed and additional 800 ft. 
was built with cast-iron segmental lining, but the work was again 
abandoned, owing principally financial difficulties while coinci- 
dentally before entering rock reef which presented another serious 
difficulty construction. The experience then the construction 
this tunnel led capitalists and engineers believe that, owing the 
very soft nature the ground, tunnel could not built that would 
sufficiently stable withstand the vibration due heavy 
and for this reason tunnels under the North River were not looked 
upon practicable. The writer devised scheme within the 
tunnel the rolling loads bridging supported piers piles extend- 
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ing from the tunnel invert down hard material. These would 
attached the tunnel itself would pass into independently 
through sliding joints the tunnel shell. This scheme gained the 
confidence the management, was believed that, adopting such 
plan, tunnels could built the soft material underlying the 
Hudson River and remain stable under all conditions traffic. After 
thus feeling assured that this method the tunnels could made 
safe beyond question, orders were given proceed with the great work 
the extension into New York the Pennsylvania and Long Island 
Railroad systems. 

The organization the engineering staff shown the diagram, 
Fig. the beginning 1902 and during the period making 
studies, additional borings, and preliminary triangulations, and prior 
making the contract plans and specifications, James Forgie, Am. 
E., was appointed Chief Assistant Engineer the writer. 
him all the Resident Engineers and other heads the Engineering 
Departments reported. 

The work was divided into three Residencies: 

Terminal Station-West, under the charge Cresson, 
Jr., Am. Soc. E., Resident Engineer, comprising the work from 
the east side Ninth Avenue the east side Tenth Avenue, includ- 
ing excavation, retaining and face walls, and the extensive work 
underpinning Ninth Avenue with its surface and elevated railroads 
and other structures. 

2.—The River Tunnels, under the charge Hewett, 
Am. E., General Resident Engineer, and Mr. Burke 
and William Lowe Brown, Am. Soc. E., Resident Engineers, 
including the land tunnels from the east side Tenth Avenue, New 
York City, the commencement the iron-lined tunnels, and extend- 
ing westward from there the Weehawken Shaft, New Jersey. 

3.—The Bergen Hill Tunnels, under the charge Lavis, Am. 
E., Resident Engineer, including the rock tunnels from the 
Weehawken Shaft the Hackensack Portal the west side the 
Palisades, all New Jersey. 

Paul Seurot, Am. E., acted Office Engineer 
charge the drawing office, and Mr. Soderberg Mechanical Engi- 
neer charge the mechanical drafting. Prior the construction 
the above works Mr. Crowley acted Resident Engineer 
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the construction the Weehawken Shaft, and Rodenbough, 
Assoc. Am. Soe. E., that the Manhattan Shaft. 

Table shows the quantities certain materials and other statistics 
regarding this Division. 


TABLE 


River Term. 
Tunnels. 


Excavation disposed (or cubic yards... 

Cast metal used tunnel, including cast iron and cast 

Steel bolts used, tons 

Cement used (concrete and grout), barrels 

Brickwork, cubic yards 


Structural steel (including Pier pounds 


The number passengers carried the Elevated Railroad and 
surface lines Ninth Avenue during the underpinning these 
structures was about 125 000 000. 

The Board Engineers, organized the Pennsylvania Railroad 
Company January, 1902, immediately took the matter route 
and grade. The center line, which had been assumed the center 
line 32d Street extended westward, was slightly changed. 

The grade adopted was approximately descending westward 
from Ninth Avenue, which would place the tunnel well below the 
Government dredging plane ft. below mean low water the pier 
head line; thence westward lighter grade still descending until 
the deepest portion the river was reached where the top the rail 
would about ft. below mean high water, this location giving suffi- 
cient cover over the tunnels insure stability and guard against the 
possibility shipwrecks settling the tunnels. From this point 
the portal ascending grade 1.30% was adopted, which gave the 
lines sufficient elevation cross over the tracks the New York, 
Susquehanna and Western and the Erie Railroads, which run along 
the westerly base the Palisades. Owing the exigencies con- 
struction, these grades the river were very slightly modified. Plate 
plan and profile the tunnels constructed. 

The Board Engineers early 1902 took the question sup- 
ports for the tunnels under the North River, and various plans and 
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schemes were considered. was finally decided support the tracks 
screw-piles carried through the lining the tunnels, originally 
proposed the writer. 

order know something the capacity screw-piles the 
actual material passed through, was resolved test them. 
caisson was sunk the end one the Erie Railroad piers the 
New Jersey side near the line the tunnels, and, obtain parallel 
conditions much possible, the excavation was carried down the 
proposed grade the tunnel. Various types screw-piles were sunk 
therein and tests were made, not only the dead load carrying 
but also with the addition impact, when was found that 
could sunk hard ground and the required load. 
The final part the test was the loading. The screw-pile, having 
shaft in. diameter and blade ft. diameter, was loaded with 
with the result that, for month—the duration this 
loaded test—there was subsidence. 

Again, and after the iron tunnel lining had been constructed across 
the river, tests were made two types supports: One screw-pile 
294 in. diameter with blade ft. in. diameter and the other 
wrought-iron pipe in. external diameter. Tests were made, not 
only for their carrying capacity, but also for their value anchorages, 
and was found that the was more satisfactory every 
way; could put down much more rapidly, was more easily 
maintained vertical position, and could carry satisfactorily any 
load which could placed support for the track. The 16-in. 
pipe did not prove efficient either carrier anchorage. 
These tests will mentioned the detailed description the work 
follow. Figs. and illustrate the general arrangement and details 
the machine designed the writer and used for sinking the test 
piles the tunnels. This machine had been used originally the 
New Jersey side the test pile Pier and the adaption was not 
exactly shown these drawings, but the screw-piles had been 
placed the tunnels, the arrangement shown would have used. 

Surveys, soundings, and borings were commenced the latter part 
1901 assumed center line tunnels which was the center line 
32d Street extended westward. 

The soundings were made from float stage fastened tugboat, 
the location being determined transits shore and the elevation 
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measuring from the surface the water, tide gauge being con- 
tinually observed and the time soundings and gauge readings kept. 

the river wash-borings were made from floating pile-driver 
which was installed diamond-drill outfit rods, pump, 
Fourteen borings were completed the river. Considerable difficulty 
was found holding the pile-driver against the current, the material 
the bottom being very soft, and several borings were lost owing 
the drifting the pile-drivér. Each boring was continued, and the 
depth several was more than 250 ft. below the surface the water. 
The borings land were mostly core borings, and were generally 
made with the chilled shot boring machine. 

Base lines, about ft. length, were measured each side 
the river, and observation points established. was necessary 
build triangulation tower ft. high the New Jersey side 
observation point. The base lines were measured with 100-ft. steel 
tapes which were tested repeatedly, and the work was done night 
order obtain the benefit uniform temperature and freedom 
from traffic interruptions. From the base line the New Jersey side, 
which passed over the Weehawken Shaft, elevated point the 
assumed center line the side Bergen Hill was triangulated to, 
and from this point westward closed polygon was measured along the 
streets the top the hill the west side and thence along the 
assumed center line the portal. The level transfer across the river 
was made sighting across opposite directions simultaneously, and 
also tide gauges. The outline the final triangulation system 
shown Plate XIX. 

The decision the locations the shafts both sides the 
river, for construction purposes and finally for permanent use, was 
comparatively simple matter, and, all circumstances considered, they 
are unquestionably the most suitable places. the New York 
side the shaft was near practicable the line dividing the 
subaqueous iron-lined tunnels from the land tunnels, and the New 
Jersey side the shaft was placed centrally the line the tunnels 
and the nearest available ground the river, while the same time 
beyond the other end the river tunnels, thus necessitating driving 
the subaqueous tunnels only from east and west meet under the 
river. caisson shaft the New York side, the line the tunnels 
near the river bulkhead, was one time considered, but was not 
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adopted entailed the driving two shields both east and west, 
addition the two from New Jersey, adding the plant outlay 
while not affording any material saving the time construction. 

was thought desirable construct the shafts the two sides 
the river advance letting the main contracts for the tunnels. 
The Manhattan Shaft north the line the tunnels, the north 
side 32d Street, east Eleventh Avenue. The Weehawken Shaft 
the line the tunnels the yards the Erie Railroad the 
New Jersey side, and the distance between the shafts about 6575 ft. 
The contracts for these shafts were let June, 1903, the United 
Engineering and Contracting Company, and they were completed and 
ready for use the time letting the main contract for the tunnels, 
thus saving considerable time. 

The Terminal Station-West.—Between Ninth and Tenth Avenues. 
—In the original design was contemplated have four-track 
tunnel under 32d Street from Ninth Eleventh Avenues, but owing 
the necessity for having additional yard facilities, property was 
bought for about 100 ft. north and 100 ft. south 32d Street, between 
Ninth and Tenth Avenues, and open excavation, lined with con- 
retaining walls and face walls, was made. Between Ninth and 
Tenth Avenues, 32d Street was closed, and the property formerly the 
street was bought the Tunnel Company from the City New York 
for consideration deed dated April 18th, 1906. The Church, 
Rectory, and School St. Michael’s, which was located the west 
side Ninth Avenue between and 32d Streets, was 
the Tunnel Company after had acquired property for and had built 
similar institution the south side 34th Street west Ninth 
Avenue. 

Probably the most interesting feature this contract was the sup- 
port and maintenance Ninth Avenue, which has 
elevated railway structure and two-track surface railway structure, 
which was necessary maintain while excavation was 
made depth about ft., and viaduct was erected carry 
Ninth Avenue. The length this viaduct about 375 ft., and the 
steelwork and its erection was done apart from the North River 
Division work, but all excavation and underpinning was included 
this division. The contract fer this work the Terminal Station- 
West was let the New York Contracting Company-Pennsylvania 
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Terminal, April 28th, 1906, and included about 517000 cu. yd. 
excavation, about 87% being rock, the construction about lin. 
ft. retaining and face walls containing about 500 cu. yd. con- 
crete, and large quantity structural steel (1475000 lb.) for 
temporary use underpinning Ninth Avenue. 

Fig. shows cross-sections the Terminal Station-West yard, 
and Fig. shows the general method underpinning the Ninth 
Avenue structures. 

River Tunnels.—In the original plan four-track tunnel was con- 
templated from the east side Tenth Avenue the east side 
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tunnel, with the exception 172 ft. about midway between Tenth 
and Eleventh Avenues, where the rock dipped below the roof the 
tunnel, and there the construction was made open cut. These 
tunnels were lined with concrete with brick arches, Figs. and 
being typical cross-sections. This work was executed the O’Rourke 
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was possible excavate full rock cover about 250 ft. the 
tunnels eastward from the Weehawken Shaft and 225 ft. westward 
from the Manhattan Shaft. these points the rock cover was very 
thin, and there shield chambers. were made for the erection two sets 
shields, about 6100 ft. apart. typical cross-section the Wee- 
hawken Land Tunnel shown Plate 

The Board Engineers decided, and was stated the con- 
tract and specifications, that the river tunnels should constructed 
means hydraulic shields, but bidders were permitted present 
the Board any scheme which they might desire bid, but, 
course, the decision the practicability such plans rested with 
the Board. 

Inasmuch the shield method construction was required, the 
writer designed shield for use the North River Tunnels. The 
shield was about ft. long, over all, and was provided with rigid 
but removable hood extending beyond the normal line the cutting 
edge, for use sand, gravel, and ballast, removed when the shield 
reached the silt. The shields were thrust forward twenty-four rams 


capable exerting pressure tons hydraulic pressure of. 


5000 per sq. in. Taking into account lb. air pressure, this 
pressure was increased 4400 tons. The shield was fitted with 
single hydraulic erector and hydraulic sliding platforms, and when 
complete weighed 194 tons. Fig. back elevation and section 
the shield. 

The contract for the river tunnels was let the O’Rourke Engi- 
neering Construction Company May 2d, 1904. 

The shields were built accordance with the design previously 
referred to, and proved entirely satisfactory. Generally, the materials 
passed through were follows: Starting out full face rock, from 
into mixed face rock and sand, thence into sand and gravel, 
full face sand, piles, rip-rap, and the Hudson silt; and all were 
fully charged with water. 

Compressed air, average gauge pressure about lb. and 
maximum per sq. in., was used the tunnels from the time 
the shields emerged from full rock face until the tunnel lining had 
been joined and all caulking and grummeting had been done. 

Contractor’s plants were established the Weehawken Shaft and 
the Manhattan Shaft, including each, low-pressure air compressors 
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capacity 13000 cu. ft. free air per minute and also high- 
pressure air compressors for drills, hydraulic pumps, gener- 
ators, etc. 

The river tunnels passed under Pier 72, North River (old No. 62), 
which was occupied the New York Central and Hudson River 
Railroad Company. The Tunnel Company leased this pier and with- 
drew all the piles the lines the tunnels prior the commence- 
ment construction, and the remaining piles constructed trestle 
for the disposal the excavation from the tunnels and the terminal. 
the completion the work this pier had restored, and Fig. 
shows the general arrangements the location the piles and the pier 
structure with reference the tunnels. 

the tunnels which were constructed silt farther down the river, 
the writer Chief Engineer for the Hudson Companies, had 
been possible shove the shield through the silt with all the doors 
closed, displacing the ground and making great speed construction 
owing the absence all mucking. was thought that this pro- 
cedure might pursued the larger tunnels the Pennsylvania 
Railroad, and was tried, but was almost immediately found 
impossible maintain the required grade without taking certain 
quantity muck into the tunnels through the lower doors, the ten- 
the shield being rise. taking about 33% the 
excavation displaced the tunnel, the grade could maintained. 
was considered desirable, owing this rising the shields, 
the weight the cast-iron lining, and this was done, making the weight 
the completed tunnel more nearly equal the weight the dis- 
placed material. The weight the cast-iron lining (with bolts) was 
increased from 609 per lin. ft. tunnel. The weight 
the finished tunnel with this heavier iron 469 lb. per lin. ft. The 
weight the silt displaced per linear foot tunnel, 100 per 
cu. ft., lb. The weight the completed tunnel with the maxi- 
mum train load 869 lb. per lin. ft. 

The maximum progress one face any one month was 545 ft., 
working three 8-hour shifts, and the average progress each heading 
while working three shifts was ft. per hours; while working one 
shift with the heavier lining referred above, the delivery which 
was slow, the average progress was ft. per hours. 

order permit the put place through the 
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lining, cast-steel bore segments were designed, and placed the invert 
15-ft. centers; these are such design permit the blade and 
shaft the screw-pile inserted without removing any portion 
the lining. Fig. typical cross-section the river tunnel, 
originally planned, with these pile supports. 

After the shields had met and the iron lining was joined up, various 
experiments and tests were made the tunnel; screw-piles, and 16-in. 
pipes, previously referred to, were inserted through the bore segments 
the bottom the tunnel, thorough tests with these were made, levels 
were observed the tunnels during the construction and placing 
the lining, examination was conducted the tunnels 
the Hudson and Manhattan Railroad Company under traffic, and the 
result these examinations was the decision not install the screw- 
piles. The tunnels, however, were reinforced longitudinally twisted 
steel rods the invert and roof, and transverse rods where there 
was superincumbent load the tunnels; might also noted that 
the New York side, where the tunnels emerge from the rock and 
pass into the soft material, the metal shell cast steel instead 
east iron. Fig. typical cross-section the river tunnels 
actually constructed. 

During the investigations the tunnels, borings were made 
determine exactly the character the underlying material, and was 
then found that the hard material noted the preliminary wash-borings 
was layer gravel and boulders overlying the rock. When the 
borings the tunnels reached this material was found water- 
bearing and the head was about equivalent that the river. Rock 
cores were taken from these borings, and the deepest rock was found 
about the center the river elevation 302.6 ft. below mean 
high water. Rods were then inserted each bore hole and thereby 
attached the rock and used bench-marks the tunnels. From 
these bench-marks, using specially designed instruments, very accurate 
observations the behavior the tunnels could made, and from 
these the very interesting phenomenon the rise and fall the tun- 
nels with the tide was verified, the tunnels being low high tide and 
the average variations being about 0.01 ft. the average tide about 
4.445 ft.: the tidal oscillations are entirely independent the weight 
the tunnels, since observations show them have been the same 


both before and after the lining was position. There was 
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considerable subsidence the tunnels during construction and lining, 
amounting average 0.34 ft. between the bulkhead lines. This 
settlement has been constantly decreasing since construction, and 
appears have been due almost entirely the disturbances the 
surrounding materials during construction. The silt weighs about 
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100 lb. per cu. ft. (this the average number samples taken 
through the shield door, and varied from 109 per cu. ft.), 
and contains about 38% water. was found that whenever this 
material was disturbed outside the tunnels displacement the tun- 
nels followed. The tunnels above noted have been lined with con- 
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crete reinforced with steel rods, and prior the placing the concrete 
the joints were caulked, the bolts grummeted, and the tunnels rendered 
practically water-tight; the present quantity water disposed 
does not exceed 300 gal. per hours each tunnel 100 ft. long. 

Bergen Hill are two single-track tunnels, ft. 
from center center, and extend for distance 940 ft. from the 
Weehawken Shaft the Hackensack Portal. They were built almost 
entirely through trap rock. The contract was let March 6th, 1905, 
the John Shields Construction Company, but was re-let 
1st, 1906, William Bradley, the Shields Company having gone into 
the hands receiver. About 1369 ft. the tunnel excavation was 
done the Shields Company, but concrete lining. The maximum 
monthly progress for all headings was 622 ft., and the average progress 
was 338 ft. working shaft 216 ft. deep was sunk from the top the 
hill, facilitate construction. The tunnels are lined with concrete 
throughout. Typical cross-sections these tunnels are shown 
Plate 

conclusion may admissible for the writer after having, 
conjunction with Mr. Samuel Rea, experienced the evolution and 
materialization this Pennsylvania Railroad scheme, express his 
great sorrow for the untimely death the father the entire scheme, 
the late President Cassatt. 


{ 

> 

2 

7 

= 
al 


Vol. XXXVI. JANUARY, 1910. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


NOTES THE REPLACING THE SUPERSTRUC- 
TURE THE HARLEM SHIP CANAL BRIDGE. 


Discussion.* 


use sand jacks for lowering the draw-bridge the Delaware, Lacka- 
wanna and Western Railroad over the Passaic River Newark, J., 

December 20th, 1903, the following comments are offered: 

the day the bridge was moved and lowered, rain commenced 
1.20 M., and until 5.00 which time the bridge 
rested the new center pier exact position, the precipitation during 
this time being 1.23 in. order keep the sand dry while the 
sand boxes were being filled and for the same purpose after they 
were filled, tarpaulins had been provided prior the operation. 
During the night prior the move, one the tarpaulins accidentally 
became partly removed the south side one the four boxes, 
letting some water into the sand near the top the box. This wet 
sand, however, caused delay only min. the lowering, and, 
aside from this incident, there was not the least difficulty keeping 
the sand dry, even with the heavy precipitation 1.23 in. 

Mr. Howe mentions the irregular setting and lost time balancing 
the movement. probably refers the lowering one end the 
bridge time, which was done 2-ft. stages. The day was chilly, 


*This discussion (of the paper Horace Howe, Am. Soc. E., printed 

Proceedings for November, 1999, and presented the January 5th, 1910), 

rinted Proceedings order that the views expressed may brought before all mem- 
for further discussion. 
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and the men were wet the skin. The writer was reasonably certain 
that the operation could completed schedule time, 
the lowering slowly and carefully, rather than seeing how quickly 

could done, and, instead lowering both ends the bridge 

the same time, adopted the plan already mentioned. was shown 

tests made with test sand boxes, and the actual lowering the 
bridge itself, that the bridge could lowered very readily the rate 

in. per min. 

Observations the tide movements the bridge site for four 
months, and other reliable data, showed that times the minimum 
low tide did not fall below zero mean tide, and that the maximum 
low tide frequently fell elevation ft. below mean tide. These 
data also showed that times the high tide did not above mean 
tide, and that the maximum high tide times rose point ft. 
above mean tide. These observations showed that the minimum varia- 
tion between high and low tide was nothing, and that the maximum 
variation was ft. The normal variation tor low tide the bridge 
site —2.5 ft. (below mean tide), and the normal variation for high 
tide +2.5 ft. (above mean tide). 

The work had done, planned, hours, other words, 
from low tide low tide. When the four barges were run under the 
bridge, the low tide was —1.9 ft., and when they were released the 
next low tide, fell only ft. instead normal low tide 
—2.5 ft. The high tide rose +3.0 ft. instead normal high 
tide +2.5 ft. 

The tests made with test sand boxes showed with most convincing 
evidence that dry sand, carrying load about per sq. ft., 
produced very little lateral pressure; and outward deflection the 
timber, with straight-edge the sides the boxes, was discernible. 
Neither was there any perceptible the sides the timber 
boxes used lowering the bridge, except with one box where wet sand 
occurred, and, stated, this was relieved with delay only min. 
opening the sand holes lower down the box where dry sand flowed 
out freely.* 

The fact that the work was done schedule time, planned, with 
abnormal tide conditions and heavy rainfall continuing throughout 
the operation, should convincing evidence that this method lower- 
ing heavy structure, tempered with good judgment, perfectly safe, 
economical, and efficient. 


Martin Gay, Am. Soc. E.—When the proposal was first made mr. 
run the trains the Rapid Transit Railroad across the Harlem 
Ship Canal Bridge, was thought feasible add upper deck 
the old draw-span and build new spans above the old approaches. 


*An accurate and full presentation this and the tests made prior 
are given Engineering News, December 1908. 
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Gay. 


This was objected the Department Bridges, under the 
jurisdiction which the bridge came, the ground that the turn- 
table, though well designed and sufficient carry its comparatively 
light load some 700 tons, was not substantial enough endure the 
racking and distortions due moving load perhaps twice that 
weight. 

While this point was under discussion the engineers the 
Department Bridges and the Rapid Transit Commission, several 
other interests came into view. For some years the Kingsbridge 
Railroad Company had held franchise permitting cross the 
bridge, and its officers had discussed the question with sufficient serious- 
ness cause the Department Bridges make study the situa- 
tion and determine that would necessary strengthen the 
floor system and practically rebuild higher elevation, and also 
change the grade the approaching streets. This would have been 
matter considerable expense. 

Also, the New York Central Railroad, connection with the plan 
for the elimination grade crossings, had prepared abandon the 
long curve with many crossings through Kingsbridge Village, and 
cross from the east bank the Harlem River the east bank the 
Hudson, following the north bank the Ship Canal and passing 
under the Ship Canal Bridge. this additional space ft. 
was required between the bulkhead the canal and the north abutment 
the bridge. 

Also, this time the Department Bridges was planning new 
bridge across the Harlem, near Fordham Landing, and had about 
determined build double-leaf rolling lift the Scherzer type. 

was the combination these various interests that owe 
this admirable paper. Each party the combination contributed its 
share the cost the project, either money work, both, 
and each got what wanted. 

Mr. Howe has described the work moving the bridge clearly 
that little can said that head. 

Each the six operations, that is, moving out old span 
moving new one, was not itself very complex problem, but, 
taken altogether, was work considerable magnitude, and con- 
sidering the cramped space which the contractor was obliged 
maneuver the approach spans, the uncertainty the tides, and the 
short space time during which could obstruct travel, the problem 
was one requiring nice and unusual judgment. 

The time during which street travel could obstructed was fixed 
the Department Bridges, whose duty was consider the con- 
venience the public, after consultation with Messrs. Terry and 
Tench, the methods they proposed use and the time they would 
require. The Department was not willing deprive people 
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opportunity cross the stream for longer time than necessary and 
did not wish impose oppressive conditions the contractors. 

was estimated that one day would sufficient move and re- 
adjust each the approach spans, allowing for accidents and delays, 
and that days would required for the draw-span. Therefore, the 
permit allowed street travel interrupted for total time days, 
but not for more than days consecutively. That very serious 
delays occurred indicated analysis Mr. Howe’s figures, 
which shows that the total time interrupted travel was days, 
hours, min., and that during the moving the draw-span, the 
interruption was hours, min. less than the stipulated days. 

Each the three new spans was put use vehicles and pedes- 
trians soon was placed position, and the draw-span was 
opened pass vessels without causing any delay river traffic. 

The old spans which have become part the University Heights 
Bridge had have considerable changes order bring them 
modern requirements, and they have done duty continuously since the 
formal opening the bridge. 

all operations this nature the Harlem River, which 
there any record, the rise and fall the tide has been 
factor and has been used some purpose, and yet such 
uncertain factor that almost every case, other means for raising 
lowering have been provided and usually resorted to, order 
supplement the deficiency tidal power. the movements the 
tides, greater less extent, take place more less definitely 
known times, they must reckoned with. non-tidal stream, 
however, where other power would necessity provided, the attend- 
ant uncertainty and anxiety regarding the behavior the tide would 
eliminated, and probably the cost would not greatly increased. 

One occasion which the lifting power the tide was used 
good advantage, but perhaps not with any great economy, was the 
moving the draw-span the old Macomb’s Dam Bridge, which 
Mr. Howe has The bridge was built the early Sixties, and 
was replaced 1892 the present structure, which was designed 
and the construction supervised Boller, Am. Soc. 
was necessary remove the old bridge make way for the new 
one, and was also necessary provide for public travel. was 
decided, therefore, move the draw one block north the old site, 
the line 156th Street. pivot pier and approaches having been 
constructed elevation ft. lower than that the bridge, the 
problem was move the draw-span about 200 ft. north, and lower 
ft. its new position without obstructing navigation. This was 
done lifting the span two scows and cribbing 12-in. 
timbers, and towing pile and cribbing pier which had been built 
near the bank the stream and out the course passing vessels. 
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Here was deposited safely elevation somewhat lower than 
that from which had started. When the next flood tide raised the 
and bridge, course crib timbers was pulled off the pier, and 
the span settled with the ebb tide and rested, course crib 
timbers was taken off the the next flood tide freed the span 
from the pier, another course timbers was removed and on, until 
rested the proper elevation floated across the permanent 
pier and placed position. 

instance the tide not doing its duty, expected, was the 
moving the Madison Avenue draw-span, where east storm made 
early flood which caught and held the scows under the span after 
had been landed. Considerable damage might have resulted, but 
for the scuttling one the scows. 


Mem 


bor 
edu 
Sel 

the 
ing 
als 
q 


Memoirs. MEMOIR ELSTNER FISHER 169 


MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 


which will amplify the records here printed, correct any errors, should 
the Secretary prior the final publication. 


ELSTNER FISHER, Am. E.* 
Diep 12TH, 1909. 


Elstner Fisher, the son Mr. and Mrs. William Mack Fisher, was 
born Ohio, October 9th, 1853. received his 
education private schools Cincinnati, and the Central High 
School Philadelphia (afterward the University Pennsylvania), 
from which was graduated with the degree Bachelor Arts. 

1872, Mr. Fisher was appointed the United States Naval 
Academy, from which was graduated 1876. was assigned 
the Vandalia, Midshipman, and for two years served 
the staff General Grant, who made that vessel his headquarters dur- 
ing the Mediterranean part his trip around the world. Mr. Fisher 
also made four years’ cruise the Wachusetts, around the Horn and 
the Coast far San Francisco. 

1882, was detailed Assistant the Coast and 
Survey, and, that capacity, made deep-sea soundings from Boston, 
Mass., Rio Janeiro, Brazil. Owing the illness the Com- 
manding Officer, Mr. Fisher had charge the work the expedition. 
was afterward engaged making surveys Delaware River and 
Bay, Cape Romaine, South Carolina, and Long Island Sound. 

January, 1884, Mr. Fisher resigned his commission the Navy 
and entered the employ the Pennsylvania Railroad, serving Chain- 
man, Rodman, and Transitman the location the Schuylkill Valley 
Railroad. the completion this work, was transferred 
Altoona, Pa., Assistant Engineer the Maintenance-of-Way 
Department, being engaged the location and construction various 
branch lines and general engineering work. July, 1886, Mr. 
Fisher was appointed Assistant Supervisor the Monongahela Divi- 
sion the Pennsylvania Railroad, from Pittsburg Monongahela 
City. 

1887 accepted the position Assistant Engineer the 
Michigan Central Railroad, with headquarters Detroit, Mich. 
was afterward transferred the Operating Department and served 
various capacities, namely, Night-Yardmaster, Yardmaster, Assistant 
Trainmaster, Trainmaster, and Assistant Superintendent the Middle 
Division, with headquarters Jackson, Mich. 


Memoir prepared Latham, Esq., Chief Engineer the Toronto, Hamilton 
Buffalo Ry. Co. 
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November, 1897, Mr. Fisher was appointed General Superin- 
tendent and Chief Engineer the Toronto, Hamilton and Buffalo 
Railway, which position resigned shortly before his death 
October 12th, 1909. 

1883, married Miss Sarah Burt, the daughter Mr. and Mrs. 
Wells Burt, Detroit, Mich. 

Mr. Fisher was elected Junior the American Society Civil 
Engineers April 3d, 1889, Associate Member June 2d, 1897, 
and Member March 5th, 1902. 

was also Member the Canadian Society Civil Engineers; 
the Transportation Club New York; the Buffalo Club Buffalo; 
the Hamilton Club Hamilton; the Brantford Club Brantford; 
the Royal Hamilton Yacht Club; the Caledon Mountain Trout Club; 
and the Barton Lodge, and M., Hiram Chapter, 


born 

Cal., 

(Spe 

Spri 

unti 

valis 

deat 

} 

Rail 

und 

pal 

mos 

Bric 

prac 
plet 

Pas 

stru 

brot 

Ore 

cha 

sug 

cha 

one 

eng 

unc 

anc 

the 


MEMOIR ALBERT STANLEY RIFFLE 


ALBERT STANLEY RIEFLE, Am. Soe. E.* 


1909. 


Albert Stanley Riffle was German-Swiss parentage. was 
born March 26th, 1860, Somerset, Pa., and died Sierra Madre, 
Cal., October 28th, 1909. was the son William and Mary 
(Speicher) Riffle. 

the age years, removed with his parents farm near 
Springhill, Kans. his early life was spent until his entrance 
student into the Kansas State University, from which institution 
was graduated with the degree S., 1884. From this time 
until 1902 was actively engaged the practice the profession 
civil engineering. the latter date commenced his long and 
valiant contest with the insidious ailment which finally caused his 
death. 

Mr. principal professional engagements were follows: 

From 1884 until was the employ the Northern Pacific 
Railroad the construction the Cascade Division, most the time 
under Virgil Bogue, Am. Soe. E., who was then acting Princi- 
pal Assistant Engineer that road. Mr. Riffle served various 
grades, both active charge construction work and location, 
most his services, however, being rendered Superintendent 
Bridges and Buildings. this capacity prepared the designs 
practically all the truss and trestle bridgework, and carried com- 
pletion the construction the bridge across the Columbia River 
Pasco. was placed charge this latter work after the sub- 
structures and some falsework were position, succeeding the late 
Buck, Am. E., who initiated the work. 

1889-90, Mr. Riffle acted Principal Assistant Engineer his 
brother, Franklin Riffle, Am. Soc. E., then Chief Engineer the 
Oregon and Washington Territory Railroad, and, this capacity, had 
charge the planning and erection most the bridgework 
that road. 

The years 1890-92 were spent Peru, whither was sent the 
suggestion Mr. Buck, William Grace and Sons, take 
charge the erection the great Verrugas Viaduct, built replace 
one erected earlier date Mr. Buck, which had been destroyed 
great flood. This work, which was quite fully described the 
engineering journals the time, was successfully carried through 
under difficult and very unusual conditions arising from the mixed 
and uncertain character the available labor, and, chiefly, because 
the great fatality from Verrugas fever among all engaged the work. 


Memoir prepared Arthur Adams, Am. Soc. 
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The writer recalls that four skilled erecting foremen taken Mr. 
from New York for this work, only one returned; and that 
three clerks his office the work, buried two. Mr. Riffle himself 
suffered two attacks the fever and also contracted the Panama fever 
his return, and continued suffer from the effects this experi- 
ence for years afterward. 

From 1892 1895 was associated with his brother and others. 
under the name the Oregon Bridge Company, with offices Port- 
land, Ore. This company was engaged general contract work, 
chiefly the construction highway bridges throughout the States 
Oregon and Washington. 

the years 1897 1899, Mr. was the employ the 
Valley Road, now constituting the Santa Fé’s System California, 
north Bakersfield, being, for part this time, charge the 
design all structures, under Storey, Am. Soe. E., 
and later charge the Franklin Tunnel and other important 
structures, under Edes, Am. E., the Assistant Chief 
Engineer. 

From 1899 the time when ill health compelled his discontinuance 
active work, Mr. Riffle was the employ the Excelsior Wooden 
Pipe Company, San Francisco, and was engaged the construction, 
Contractor, wooden stave pipe and other water-works structures. 
During this period had charge, under Henny, Am. Soc. 
E., the General Manager, carrying out numerous contracts 
important pipe-line and reservoir construction. During his active 
Mr. Riffle filled many other important engagements, such ex- 
perting the designs for number the World’s Fair Buildings for the 
Columbian Exposition Chicago, under the direction Mr. Bogue, 
and the making expert valuations water-works properties 
Oakland, Cal., and Albuquerque, Mex. 

engineer Mr. Riffle possessed attainments very high 
order, much higher indeed than the scope his practice ever gave him 
opportunity exemplify. These attainments, because some natural 
diffidence, were best appreciated the men his own profession, 
those standing high public and professional esteem often availing 
themselves his special knowledge. combined, 
degree, thoroughness and knowledge detail, with exceptional 
for rapid and successful execution work. 

His contribution professional progress represented chiefly 
paper, prepared Mr. Franklin Riffle and himself, descriptive the 
successful laying large submerged pipe across the Willamette 
River Portland, Ore.* greatest contribution, however, un- 
doubtedly found the power his example faithful service 
and suecessful accomplishment the discharge the responsibilities 


Transactions, Am. Soc. E., Volume 257, 1895. 
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which came him the practice his profession during the years 
his active life. 

Personally, Mr. Riffle was man sterling and possessed 
qualities heart and mind which greatly endeared him his 
friends, and indeed all who were favored with his intimate acquaint- 
ance. His splendid pluck and sustained buoyancy spirit during 
the long years unavailing struggle against disease, prior his death, 
gave touching evidence the inherent strength the man, and 
his faith the overruling Power. survived his wife, Mrs. 
‘Bella Love Riffle. 

Mr. was elected Member the American Society Civil 
May 7th, 1890. 
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ERNEST STEARNS BALL, Jun. Am. Soe. E.* 


Diep 1909. 


Ernest Stearns Ball, the son Henry Eugene and Julia (Blandin) 
Ball, was born Gardner, Mass., August 17th, 1882. prepared 
for college the Gardner High School, and 1899, entered Norwich 
University from which was graduated 1903 with the degree 

From June, 1903, June, 1904, Mr. Ball was employed Drafts- 
man the Riter Conley Manufacturing Company, Pittsburg, Pa., 
and from June, 1904, July, 1905, was with the firm Post and 
McCord, New York City, steel construction work. 

From that time until December, 1906, Mr. Ball was business 
Contracting Engineer, designing and constructing power-houses, 
tanks, foundations, was afterward engaged miscellaneous 


work Northfield and Roxbury, Vt., until May, 1909, when was. 


appointed Assistant Engineer the Maintenance-of-Way Department 
the Missouri Pacific Railroad, which position held until his 
death, the Missouri Pacific Railroad Hospital, St. Louis, Mo., 
November 22d, 1909. 


Mr. Ball survived his wife, Myrta (Tarbell) Ball, and one 
son, Theodore Macklin Ball. 


Mr. Ball was elected Junior the American Society Civil 
Engineers May 2d, 1905. 


Memoir prepared Arthur Winslow, Assoc. Am. Soc. 
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CONCRETE WATER TOWER. 


The City Victoria situated the southern end Vancouver 
Island, the Province British Columbia, Canada, and the capital 
the Province. 

common with all cities the extreme West, its growth has 
been very rapid within the last few years. The population the 
city proper, together with that the municipality Oak Bay, im- 
mediately adjacent, now about 000. 

The Victoria water-works are owned the city and operated under 
the direction Water Commissioner appointed the City Council. 
special agreement, water supplied Oak Bay bulk, this 
municipality having its own distributing system. 

The rapid increase population, together with the fact that 
recent years very little had been done toward increasing the water 
supply, resulted the necessity for remodeling the entire system, and 
there are very few cities where this would involve many complex 
problems greater variety work. 

Water drawn from Elk Lake, situated about five miles north 
the city; thence flows gravity the pumping station about four 
miles distant, and from there pumped directly the consumers. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the and may 
sent .by mail the Secretary. Discussion, either oral written, will pub- 
lished subsequent number Proceedings, and, when finally closed, the papers, 
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The remodeling the system, recently completed, provided for: 

the capacity Elk Lake system levees. 

the capacity the main the pumping station 
replacing about two miles the old 16-in., wrought-iron, riveted pipe 
with 24-in. riveted steel pipe. 

3.—Increasing the capacity the pumping station the installa- 
tion 4500000-gal. pumping engine the close-connected, cross- 
compound, Corliss, type. 

reservoir the city. 

5.—The entire remodeling the distributing system, necessitating 
the laying about mile each 18-in. and 27-in. pipe, and about 
mile 24-in. riveted steel pipe; also about 3000 tons cast-iron 
pipe, varying size from in. 

6.—The provision for high-level service means elevated 
tank approximately 100000 gal. capacity, water being supplied 
the tank two electric-driven triplex pumps, each having capacity 
100000 gal. per hours, against dynamic head 150 ft., and 
arranged start and stop automatically with variation ft. 
the elevation the water the tank. These pumps are located about 
one mile from the tower, and are controlled float-operated auto- 
start, the base the tower. 

description the elevated tank, which novel design, with 
the reasons for adopting the type structure used, the method con- 
struction, and the detailed cost, form the basis this paper. 

The tower the top the highest hill the city, the heart 
the most exclusive residential district, beautiful homes clustering 
about its base. The necessity for architectural treatment the 
structure thus seen prime importance. fact, the opposi- 
tion the local residents the ordinary type elevated tank, that 
is, latticed columns supporting tank with hemispherical bottom 
and conical roof, rendered its use impossible, although tenders were 
invited such structure. 

believed that under the conditions location, three types 
structure should considered: First, all-steel structure, the 
ornamentation being produced casing with brick concrete; 
second, brick-and-steel, structure, such the 
one actually erected; third, typical reinforced concrete structure. 
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Considering only that portion below the tank, the amount 
material required case structure the first type would sub- 
stantially the same that used support the tank structure 
‘the second type. Consequently, the steel substructure, for all practical 
purposes, would represent dead loss, and, therefore, the economy 
this type open serious question. 

tender was received for reinforced concrete structure identical 
outward appearance with the one built, but, owing the natural 
conservatism the local residents regarding this type construction, 
was not acceptable. 

The tower, built, consists hollow cylinder plain con- 
crete, 109 ft. high, and having inside diameter ft. The walls 
are in. thick for the first ft. and in. thick for the remaining 
ft., and are ornamented with six pilasters (70 ft. high, ft. wide, 
and in. thick), 4-ft. belt, then twelve pilasters (12 ft. high, in. 
wide, and in. thick), cornice, and parapet wall. 

steel tank the ordinary type embedded the upper ft. 
this cylinder. form the bottom this tank, plain concrete 
dome thrown across the cylinder point about ft. from the 
base, the thrust this dome being two steel rings, in. 
in. and in. in., bedded into the walls the tower, the 
latter ring being riveted the lower course the tank. 

The tank covered with roof reinforced concrete, in. thick. 
conical shape, and reinforced with twisted steel bars. The 
design the structure clearly shown Fig. 

The tower built out-cropping, solid rock. This rock was 
roughly stepped, and concrete sub-base built. This sub-base consists 
hollow ring, with inside diameter ft., the walls being 
ft. thick. about ft. high one side and ft. high the other, 
and forms level base which the tower built. The forms for this 
sub-base consist vertical lagging and circumferential ribs. The 
lagging double-dressed, 3-in. segments, and the ribs are 
12-in. segments, ft. long, lapping past one another and securely 
spiked together form complete partial circles. These ribs are 
spaced ft. center center. 

Similar construction was used form the taper base the tower 
proper, except, course, that the radii the segments forming the 
successive ribs decreased with the height the rib. Tapered lagging 
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was used, being made double dressing 6-in. pieces 
in., and ripping diagonal, thus making two staves, in. wide 
one end and in. wide the other. This tapered lagging was 
used again the 4-ft. belt and cornice forms, the taper being turned 
alternately and down. 


Sketch showing method cf 
altering old forms 
for re-use 


Lagging 


INSIDE FORM 


FORMS 
FOR WATER TOWER 
VICTORIA, B.C. 


The interior diameter being uniform the bottom the dome, 
collapsible forms were used from the beginning. These forms were 
constructed six large sections, ft. high, with one small key 
section with wedge piece facilitate stripping, shown Fig. 
There were three tiers these, bolted end end horizontally and 
each other vertically. 

Above the taper base and except the 4-ft. belt and cornice, 
collapsible forms were used the outside also. There were six sec- 
tions extending from column column and six column sections, all 
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bolted together circumferentially and constructed shown Fig. 
Three tiers these were also bolted together both vertically and 
horizontally. 

Having filled the top tier, the mode operation was follows: 

All horizontal bolts the lower inside and outside forms were 
removed, was also the small key section the inside; this left 
each section suspended the corresponding one immediately above 
the vertical bolts before mentioned. thus seen that each 
the center tier performed the double duty holding the upper 
tier, which was full green concrete, and the sections the lower 
tier, until they were hoisted and again placed position 
filled. 

These lower forms were then hoisted hand—four-part tackles 
being used—and placed position the top forms, their bottom 
edges being carefully set flush with the top edge the form already 
position, and then bolted it. the outside, the column forms, 
.and the inside, the wedge and key sections were set last. 
plumb-bob and fine line were suspended from the inner scaffold and 
centered over point set the rock the base. This line 
was the exact center the tower, and the tops all the forms, 
each shift, were carefully set from measurement, thus keep- 
ing the structure plumb. 

The first in. the barrel the tower was moulded with special 
outside forms, constructed form the bases the large pilasters. 
After eleven applications the 6-ft. forms, these 23-in. sections were 
reversed form the capitals, thus making these pilasters, ft. in. 
over all. 

The forms the 4-ft. belt and beading were made twelve sec- 
tions simple segments and vertical lagging, shown Fig. 

Two sets the outside forms were split longitudinally, shown 
Fig. and used form the small pilasters. The first set was put 
place, filled, and the concrete allowed harden. The bolts were 
loosened and the forms raised in. vertically, again bolted up, and 
the second set was placed position, bringing the top the second 
set the bottom the cornice. The bases and capitals the 
small pilasters were moulded afterward. 

The cornice forms are clearly shown Fig. The small boxes 
separating the dentils are made light stuff, and tacked into the 
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cornice forms that, stripping, they would remain place and 
could taken out separately, order prevent the breaking off 
the corners the dentils. number outside and inside sections 
were sawed half horizontally order provide forms for the 
parapet wall. 

The inside diameter the tank in. greater than the inside 
diameter the base. Two sets inside forms were split longitudi- 
nally and opened out shown Fig. and another small section 
was added complete the circle. The remaining set was left 
place support the dome forms. 

The dome forms were made twelve sections, bolted together 
facilitate stripping. All ribs and segments were cut size the 
ground, put together place, and then covered with lagging and two- 
ply tar paper. The lagging the lower sharp curve was formed 
double thickness 3-in. spruce, the remainder being 4-in. pine, 
sized uniform thickness in. Fig. shows the construction 
these forms and the method putting the lagging. 

The roof forms were made eight sections and bolted together 
facilitate stripping. All ribs and segments were cut size the 
ground, put together place, and covered with 4-in. lagging, 
dressed uniform thickness in., and two-ply tar paper. Fig. 
shows the construction these forms. The segments being put 
horizontally instead square with the lagging, gave circles instead 
parabolas, making them much easier lay out, and giving form 
which was amply stiff. 

The question using inside only was carefully con- 
sidered, but owing the considerable amount ornamentation 
the outside, necessitating large number individual forms, was 
not thought that any economy would result. 

Fig. and Figs. and Plate show clearly the construc- 
tion the seaffolding. 

All conerete was mixed wet, motor-driven, Smith mixer, and 
handled off the outside being sent wheel-barrows 
the ordinary contractor’s hoist and placed the forms through 
iron chute having hopper mouth. This chute was built three sec- 
tions bolted together, either one, two, three sections being used, 
depending the distance the forms below the deck. When the top 
the forms reached the elevation any deck, the concrete was put 
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through the chute from the deck above. The chute was light and 
easily shifted the wheel-barrow men, assisted the man placing 
the during the interval between successive wheel-barrows. 
The concrete, except that for the roof and parapet, was composed 
sand and broken rock, the run the crusher being used. 
the roof and parapet was composed sand and gravel. The only 
reason for using gravel for the concrete the roof was the ease with 


Note :Cut segments 


FORMS 


FORMS 
FOR WATER TOWER 
VICTORIA, B.C. 
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4-FT. BELT FORMS 
which could obtained small quantities, the supply broken 
rock having been used up, and this being the last concrete work 
done. 

The concrete used was follows: for the sub-base and taper 
base; 1:3:5 for the barrel the tower and tank casing; and 1:2:4 
for the dome and roof. The dome was put one time, there being 
joint, the same being true the roof. Portland cement, 
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manufactured the island about miles from the city, was used 
throughout the work. 

Before filling, the inside the tank was given plaster coat, con- 
sisting part cement parts fine sand. This proved 
insufficient prevent leakage, the water seeping through the dome 
and appearing the outside the structure along the line the 
bottom the rings. Three more coats were then applied over the 
entire tank, and two additional ones over the dome and about ft. 
the sides, and except for one two small spots which show 
just sign moisture, the tank perfectly tight. 

The barrel the tower was carried height ft. special 
set inside forms, about ft. high, extending the springing line 
the dome, was then put in, and the dome forms were set it. 
The idea was that this 2-ft. form could knocked out piece piece 
and the weight the dome form taken wedges the last 6-ft. 
form, these wedges being gradually slackened down order allow 
the dome form settle clear the dome. matter fact, this 
was done, but the dome forms, being very tight, did not settle, and 
had pried off section time. similar method was used 
for slacking down the roof forms, with similar results. 

After the dome forms had been put in, the concrete was carried 
approximately the elevation the bottom the rings. Small 
neat cement pads were then put and accurately leveled, and these 
the steel rings were placed, and the steel tank was erected. 

order insure perfectly round tank, each course was erected 
against wooden templates accurately centered and fastened the in- 
side scaffold. The tank the ordinary type light steel, the lower 
course being the next, No. gauge, the next, No. 
gauge, and the remaining four, No. gauge. 

Work the foundation was started August 15th, 1908, and the 
tower was not completed until April 1st, 1909. Much time was lost 
waiting for the delivery the steel, and also owing period very 
cold weather which caused entire cessation work for about one 
month. 

The tower completed presents striking appearance. order 
obliterate rings due the successive application the forms and 
cover the efflorescence common concrete structures, the outside 
was given two coats neat cement wash applied with ordinary kalso- 
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mining brushes, and, the present time, this seems have been 
very effective accomplishing the desired result. 

Irregularities due forms are unnoticeable distance 200 
300 ft., and the grouting gave very uniform color. 

The application two coats cement wash cost, for labor, $97.68, 
and for material, $15.18, $1.32 per 100 sq. ft., labor being the 
rate $2.25 per hours and cement costing $2.53 per bbl. delivered 
the work. 

The tower was designed Arthur Adams, Am. Soe. E., 
under whose direction the plans for all the work remodeling the 
water-works system were prepared and executed. The forms, 
ing, were designed the writer, who was also immediate 
charge the erection. 

Tenders received for the construction the tower covered 
extremely wide range, and indicated once the utter lack knowl- 
edge the part the bidders the cost structure this kind. 
Inasmuch none them had had previous experience this class 
construction, the engineer deemed the part wisdom and economy 
retain the construction under his immediate supervision, and, there- 
fore, the work was done days’ labor. 

Table gives the cost the structure. The total herein given 
will not coincide with the total cost shown the city’s books, for 
the reason that various items not properly chargeable the structure 
itself have been omitted, the principal ones which are the cost the 
site, the laying about 600 ft. sewer pipe connect with the over- 


flow, and considerable expense incident the construction wagon 
road the tower. 


The rates wages paid, all being basis 8-hour day, were 
follows: 


$2.25 and $2.50 


Boiler-maker 


Plasterers 


Plasterers’ 


| 
Holders 2.50 
Boiler-maker 5.00 


The cost material was follows: 
Cement, per 
Lumber, per 1000 ft. M............. 14.00 and 16.00 


All these prices are for material delivered the work. 

examination the cost data, given, will show that for the 
most part the unit costs are very high. This due chiefly the con- 
tinued interruption the work, during its later stages, owing bad 
weather, particularly the case the erection the steel tank. 
The material cost this case was also exceedingly high. 

the case the concreting, inability purchase hoist and 
motor and the high cost renting the same, together with the delays 
mentioned, added greatly the unit cost. 

When considered that the cost plastering covers that 
four coats over the entire inside the tank and three more over about 


one-third it, does not appear high, especially view the 
high rate wages paid. 
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The cost per yard for concrete alone was $25.126, and this 
probably about 25% excess the cost the same class work 


executed under more favorable conditions location, weather con- 
ditions, 
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Forms: 


Building, shifting, and strip- 


ping: 


Labor, Carpenter 
Labor 


Material 


Scaffcld 


Erecting and tearing down: 
Labor, Carpenter 


Labor. 


Material 
Lumber 


Concreting 


CONCRETE WATER TOWER 


TABLE 1.—Cost TOWER, VICTORIA WATER-WORKS. 
(412 cu. yd.) 


Labor, Plasterers 


Plastering 000 sq. 


Material 


Windows, doors, and 
Labor 


Material 


Equipment 
40% $461.46 


Unit 


Labor. 


[Papers. 


$0.50 $11.00 
0.281 249 67 $325.61 |$0.790 7 
80.85 
Material 
Motor and Hoist 
Material 
Cement Wash 560 sq. ft.) 
| | 
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TABLE 1.—(Continued.) 
Cost. Unit 
Amount.| Complete. Labor. Material. 
Steel Tank 
Labor, Carpenter 
2.7 
882.57 
147.33 
Material 
Tank, rivets, etc. (20000 
Tron-work 
Spiral stairway, inlet, and 
pipes, ventilator, 
reinforcing steel. etc.: 
Labor, Machinists....... 0.50 89.50 
0.344 240.16 
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SOME MOOTED QUESTIONS REINFORCED 
CONCRETE DESIGN. 


Epwarp Goprrey, Am. Soc. 


Not many years ago physicians had certain rules and practices 
which they were guided when and where bleed patient 
order relieve cure him. What those rules and practices 
to-day? they were logical, why have they been abandoned 

the purpose this paper show that reinforced concrete 
engineers have certain rules and practices which are more logical 
than those governing the blood-letting former days. the writer 
fails this, reason the more weighty arguments the other 
side the questions propounds, will least have brought out 
good reasons which will stand the test logic for the rules and 
practices which proposes condemn, and which, the present 
time, are quite lacking the voluminous literature this compara- 
tively new subject. 


Destructive criticism has recently been decried editorial 


engineering journal. Some kinds destructive criticism are 


the highest benefit; when succeeds destroying error, recon- 


structive. reform was ever accomplished without it, and 


reformer ever existed who was not destructive critic. showing 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will pub- 
lished subsequent number Proceedings, and, when finally closed, the papers, 
with discussion full, will published Transactions. 
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errors and faults destructive criticism, cannot have too much 
it; fact, cannot advance without it. engineering practice 
purged its inconsistencies and absurdities, will never 
done dwelling its excellencies. 

Reinforced concrete engineering has fairly leaped into prominence 
and apparently into full growth, but still wears some its swad- 
dling-bands. Some the garments which borrowed from sister 
forms construction its short infancy still cling it, and, while 
these were, perhaps, the best makeshifts under the circumstances, they 
fit badly and should discarded. some these misfits and 
absurdities which the writer would like bring prominently before the 
Engineering Profession. 


The first point which attention called, illustrated Fig. 
sharp bends reinforcing rods concrete. Fig. shows 
reinforced concrete design, one held out, nearly all books the 
subject, model. The reinforcing rod bent sharp angle, 
and then may may not bent again and run parallel with the top 
the beam. the bend condition which resembles that 
hog-chain truss-rod around queen-post. The reinforcing rod 
the hog-chain the truss-rod. Where the queen-post? Suppose 
this rod has section sq. in. and inclination 60° with the 
horizontal, and that its unit stress per sq. in. The forces, 
and are then 16000 The force, must also 16000 
What take this force, Ib.? There nothing but con- 
crete. 500 lb. per sq. in., this force would require area sq. in. 
Will some advocate this type design please state where this area 
ean found? must, necessity, contact with the rod, and, 
for structural reasons, because the lack stiffness the rod, 
would have close the point bend. analogy the queen- 
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post fails completely, because the almost complete absence the 
post, why should not this borrowed garment discarded 

this same rod given gentle curve radius twenty thirty 
times the diameter the rod, the side unit pressure will from one- 
twentieth one-thirtieth the unit stress the steel. This being 
the case, and being simple principle mechanics which ought 
thoroughly understood, astounding that engineers should perpe- 


trate the gross error making sharp bend reinforcing rod under 
stress. 


The second point which attention called may also illustrated 
Fig. The rod marked also like the truss-rod queen-post 
truss appearance, because ends over the support and has the same 
shape. But the analogy ends with appearance, for the function 
truss-rod queen-post truss not performed such reinforcing 
rod concrete, for other reasons than the aksence post. The 
truss-rod receives its stress suitable connection the end the 
rod and over the support the beam. The reinforcing rod, this 
standard beam, ends abruptly the very point where due 
receive important element strength, element which would add 
enormously the strength and safety many beam, could 
introduced. 

course reinforcing rod concrete beam receives its stress 
increments imparted the grip the concrete; but these incre- 
ments can only imparted where the tendency the concrete 
stretch. This tendency greatest near the bottom the beam, and 
when the rod bent the top the beam, taken out the 
region where the concrete has the greatest tendency stretch. The 
function this rod, the bottom flange the beam, 
interfered with bending this manner, the beam left 
without bottom-flange reinforcement, far that rod concerned, 
from the point bend the support. 

true that there shear diagonal tension the beam, 
and the diagonal portion the rod apparently position take 
this tension. This just such force the truss-rod queen-post 
truss must take. this reinforcing rod equipped perform this 
office? The beam apt fail the line, fact, apt 
crack from shrinkage this almost any other line, and leave 


the strength dependent the reinforcing steel. Suppose such crack 
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should The entire strength the beam would dependent 
the grip the short end Rod the right the line, The 
grip this short piece rod small and precarious, considering 
the important duty has perform, that astounding that 
designers, having any care for the permanence their structures, 
should consider for instant such features design, much less 
incorporate them building which life and property depend 
them. 

The third point which attention called, the feature design 
just mentioned connection with the bent-up rod. concerns the 
anchorage rods the embedment few inches their length 
concrete. This most flagrant violation common sense has its 
most conspicuous example large engineering works, where all 
places better judgment should prevail. Many retaining walls have 
been built, and described engineering journals, papers before 
engineering societies the highest order, and books enjoying the 
greatest reputation, which have, essential feature, great number 
rods which cannot possibly develop their strength, and might well 
much smaller dimensions. These rods are the vertical and hori- 
zontal rods the counterfort the retaining wall shown 
Fig. This retaining wall consists front curtain wall and 
horizontal slab joined intervals ribs counterforts. The mani- 
fest and only function the rib counterfort tie together the 
curtain wall and the horizontal slab. That should con- 
crete because the steel rods which contains, need protection. 
clear that failure the retaining wall could rupture through 
the Section through also clear that, apart from the 
cracking the concrete the rib, the only thing which would produce 
this rupture the pulling out the short ends these reinforcing 
rods. Writers treat the triangle, beam, but there abso- 
lutely analogy between this triangle and beam. Designers seem 
think that these rods take the place so-called shear rods 
beam, and that the inclined rods are equivalent the rods 
tension flange beam. hard understand what process 
reasoning such results can attained. Any clear analysis leading 
these conclusions would certainly valuable contribution the 
literature the subject. scarcely possible, however, that such 
analysis will brought forward, for the apparent policy 
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the reinforced concrete analyist jump into the middle his proposi- 
tion without the encumbrance premise. 

There positively evading the fact that this wall could fail, 
positively that set rods running from the front wall the hori- 


zontal slab, and anchored into each such manner would 


adopted were these slabs suspended the rods, the only rational 


and the only efficient design possible. This design illustrated 
Fig. 


The fourth point concerns shear steel rods embedded con- 
For decades, specifications for steel bridges have gravely given 
unit shear allowed bridge pins, and every bridge engineer 
knows ought know that, bridge pin properly proportioned 
for bending and bearing, there possibility its being weak from 
shear. The centers bearings cannot brought close enough 
together reduce the size the pin where its shear need con- 
sidered, because the width required for bearing the parts. Con- 
about one-thirtieth strong steel bearing. There is, 
therefore, somewhat less than one-thirtieth reason for specifying 
any shear steel rods embedded concrete. 
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The gravity the situation not much the serious manner 
which this unit shear steel written specifications and 
building codes for reinforced concrete work (it does not mean any- 
thing specifications for steelwork, because ignored), but 
apparent when designers soberly use these absurd units, and pro- 
portion shear rods accordingly. 

Many designers actually proportion shear rods for shear, shear 
the steel units 10000 per sq. in.; and the blame 
for this dangerous practice can laid directly the literature 
reinforced concrete. Shear rods are given standard features the 
design reinforced concrete beams. the Joint Report the 
Committee the various engineering societies, method for propor- 
tioning shear members given. The stress, shear per shear member, 
the longitudinal shear which would occur the space from member 
member. hint given whether these bars are shear 
tension; fact, either would absurd and impossible without greatly 
overstressing some other part. This just sample the state 
the literature this important subject. Shear bars will taken 
more fully subsequent paragraphs. 

The fifth point concerns vertical stirrups beam. These stirrups 
are conspicuous features the designs reinforcing concrete beams. 
Explanations how they act are conspicuous the literature 
concrete its total absence. stirrups are meant the 
so-called shear rods strung along reinforcing rod. They are usually 
U-shaped and looped around the rod. 

common practice count these stirrups the shear, taking 
the horizontal shear beam. plate girder, the rivets connecting 
the flange the web take the horizontal shear the increment 
the flange stress. Compare two rivets tightly driven into 
holes steel angle, with loose vertical rod, in. diameter, 
looped around reinforcing rod concrete beam, and correct 
comparison methods design steel and reinforced concrete, 
they are commonly practiced, obtained. 

These stirrups can take but little hold the reinforcing rods— 
and this must through the medium the they can 
take but little shear. Some writers, however, hold the opinion that the 

stirrups are tension and not shear, and some are bold enough 
compare them with the vertical tension members Howe truss. 
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Imagine Howe truss with the vertical tension members looped around 

the bottom chord and run the top chord without any connection, 
hooked over the top chord; then compare such truss with one 
which the end the rod upset and receives nut and large washer 
bearing solidly against the chord. This gives comparison methods 
design wood and reinforced concrete, they are commonly 
practiced. 

Anchorage grip the concrete all that can counted on, 
any event, take the tension these stirrups, but requires 
strength. Take diameters from the floating end these 
shear members, and, some cases, nothing less than nothing will 
left. any case the point which the shear member, stirrup, 
good for its full value, far short the centroid compression 
the beam, where should be; most cases will nearer the 
bottom the beam. Howe truss, the vertical tension members 
having their end connections near the bottom chord, would equiva- 
lent these shear members. 

The sixth point concerns the division stress into shear mem- 
bers. stated, the common method assume each shear 
member taking the horizontal shear occurring the space from 
member member. already stated, this absurd. stirrups 
could take shear, this method would give the shear per stirrup, but 
even advocates this method acknowledge that they can not. 
apply the common analogy truss: each shear member would 
represent tension web member the truss, and each would have 
take all the shear occurring section through it. 

If, for example, shear members were spaced half the depth 
beam apart, each would take half the shear the common method. 
shear members take vertical shear, they take tension, what 
between the two members take the other half the shear? There 
nothing the beam but concrete and the tension rod between the 
two shear members. the concrete can take the shear, why use steel 
members? not conceivable that engineer should seriously 
consider tension rod reinforced concrete beam carrying the 
shear from stirrup stirrup. 

The logical deduction from the proposition that shear rods take 
tension that the tension rods must take shear, and that they must 
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take the full shear the beam, and not only part it. For these 
shear rods are looped around attached the tension rods, and since 
tension the shear rods would logically imparted through the 
medium this attachment, there escaping the conclusion that 
large vertical force (the shear the beam) must pass through the 
tension rod. the shear member really relieves the concrete the 
shear, must take all. If, would allowable, the shear rods 
take but part the shear, leaving the concrete take the remainder, 
that carried the rods should not divided again, reeommended 
the common method. 

Bulletin No. the University Illinois Experiment Station 
shows numerous experiments, and reiterates again and again, that 
shear rods not act until the beam has cracked and partly failed. 
This being the case, shear rod illogical element design. Any 
element structure, which cannot act until failure has started, 
not proper element design. steel structure bent plate 
which would straighten out under small stress and then resist final 
rupture, would menace the rigidity and stability the struc- 
ture. This exactly analogous shear rods which cannot act until 
failure has begun. 

When the who tears down criticism fails point out the 
way build up, destructive critic. If, under the circum- 
stances, designing with shear rods had the virtue being the best 
thing with the steel and concrete disposed beam, far 
experience and logic their present state could decide, nothing would 
gained simply criticising this method design. But logic and 
tests have shown far simpler, more effective, and more economical 
means disposing the steel reinforced concrete beam. 

shallow beams little need provision for taking shear 
any other means than the concrete itself. The writer has seen 
reinforced slab support very heavy load simple friction, for the 
slab was cracked close the supports. slabs, shear seldom pro- 
vided for the steel reinforcement. only when beams begin 
have depth approximating one-tenth the span that the shear 
the concrete becomes excessive and provision necessary the steel 
reinforcement. Years ago, the writer recommended that, such 
beams, some the rods curved toward the ends the span 
and anchored over the support. Such reinforcement completely 
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relieves the concrete all shearing stress, for the stress the rod 


will have vertical component equal the shear. The concrete will 
rest the red saddle, and the rod will like the cable sus- 
pension span. The could separate blocks with vertical 
joints, and still the load would carried safely. 

end anchorage not meant inch two embedment 
concrete, for iron vise would not hold rod for its full value 
such means. Neither does mean hook the end the rod. 
threaded end with bearing washer, and nut and lock-nut hold 
the washer place, about the only effective means, and simple 
and cheap. Nothing good for this purpose plain round rods, 
for other shape affords the same simple and effective means end 
connection. line beams, end end, the rods may extended 
into the next beam, and there act take the top-flange tension, while 
the same time finding anchorage for the principal beam stress. 

The simplicity this design shown still further the absence 
large number little pieces beam box, these must held 
their proper places, and they interfere with the pouring the 
concrete. 

surprising that this simple and unpatented method design 
has not met with more favor and has scarcely been used, even tests. 
Some time ago the writer was asked the head engineering 


department college, for some ideas for the students work 


for theses, and suggested that they test beams this sort. was 
met the astounding and fatuous reply that such would not rein- 
beams. They would certainly concrete beams, and 
just certainly reinforced. 

Bulletin the University Illinois Experiment Station con- 
tains record tests reinforced concrete beams this sort. They 
failed the crushing the concrete failure the steel rods, 
and nearly all the cracks were the middle third the beams, whereas 
beams rich shear rods cracked principally the end thirds, that is, 
the neighborhood the shear rods. The former failures are ideal, 
and are easier provide against. crack beam near the middle 
the span little consequence, whereas one near the support 
menace safety. 

The seventh point common practice which attention called, 
the manner which bending moments so-called continuous beams 
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are juggled reduce them what the designer would like have 
them. This has come almost matter taste, and done with 
much precision reason geologists guess the age fossil 
millions years. 

line continuous beams loaded uniformly, the maximum 
moments are negative and are over the supports. Who ever heard 
line beams which the reinforcement over the supports was double 
that mid-spans? The end support such line beams cannot 
said fixed, but simply supported, hence the end beam would 
have negative moment over next the last support equal 
that simple span. Who ever heard beam being reinforced 
for this? The common practice make reduction the bending 
moment, the middle the span, about that line continu- 
ous beams, regardless the fact that they may not continuous 
even contiguous, and spite the fact that the loading only one 
gives quite different results, and may give results approaching those 
simple beam. 

the beams designed simple beams—taking the clear dis- 
tance between supports the span and not the centers bearings 
the centers supports—and reasonable top reinforcement used 
over these supports prevent cracks, every requirement good engi- 
neering met. Under extreme conditions such construction might 
heavily stressed the steel over the supports. might even 
overstressed this steel, but what could happen? failure, for the 
beams are capable carrying their load individually, and even the 
rods over the supports were severed—a thing impossible because they 
stretch out sufficiently—the beams would stand. 

Continuous beam have place whatever designing 
stringers steel bridge, though the end connections will often 
take very large moment, and, continuous, will 
found strained very much larger moment. Who ever heard 
failure because continuous beam action the stringers 
Why cannot reinforced concrete engineering placed 
the same sound footing structural steel 

The eighth point concerns the spacing rods reinforced con- 
beam. common see rods bunched the bottom such 
beam with regard whatever for the ability the concrete grip 
the steel, carry the horizontal shear incident their stress, 
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the upper part the beam. illustration the logic and 
analysis applied discussing the subject reinforced concrete, one 
well-known authority, the premise that the unit adhesion rod 
and shear are equal, derives rule for the spacing rods. His 
reasoning false, and his rule far from being correct, that 
two-thirds would have added the width beam order 


make correct. error 66% may seem trifling some minds, 


where concrete considered, but errors one-tenth this 
amount steel design would cause for serious 
reasoning the most elementary kind, which shows that shear and 
adhesion are equal, the width reinforced concrete beam should 
equal the sum the peripheries all reinforcing rods gripped 
the The width the beam the measure the shearing 
area above the rods, taking the horizontal shear the top the beam, 
and the peripheries the rods are the measure the gripping 
adhesion area. 

Analysis which examines beam determine whether not there 
sufficient concrete grip the steel and the shear, about 
the vanishing point nearly all books the subject. 
leading analysis that just cited worse than nothing. 

The ninth point concerns the T-beam. elaborate 
formulas are worked out for the T-beam, and haphazard guesses are 


made how much the floor slab may considered the com- 
pression flange. 


Such mis- 


fraction this mental energy were directed 
toward logical analysis the shear and gripping value the stem 
the T-beam, would found that, when the stem given its 
proper width, little, any, the floor slab will have counted 
the compression flange, for the width concrete which will grip 
the rods properly will take the compression incident their stress. 
The tenth point concerns elaborate theories and formulas for beams 
and slabs. Formulas are commonly given with constants and 


variables estimated and guessed at, and are based assumptions 


which are inaccurate and untrue. these assumptions that 


the concrete initially unstressed. This quite out reason, for the 
shrinkage the concrete hardening puts stress both concrete 


and steel. One the coefficients the formulas that the 


elasticity the more variable property concrete 


known than its coefficient elasticity, which may vary from 000 
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000 000 000; varies with the intensity stress, with the 
kind aggregate used, with the amount water used mixing, and 
with the atmospheric condition during setting. The unknown co- 
efficient elasticity concrete and the non-existent condition 
initial stress, vitiate entirely formulas supported these two props. 
Here again destructive criticism would vicious these mathe- 
matical gymnasts were giving the best only solution which present 
knowledge could produce, the critic did not point out sub- 
stitute. The substitute simple application, such agreement 
with experiments, and logical its derivation, that surprising 
that has not been generally adopted. The neutral axis reinforced 
beams under safe loads near the middle the depth the 
If, all cases, taken the middle the depth the 
concrete beam, and variation intensity stress the concrete 
taken uniform from this neutral axis up, the formula for the re- 
sisting moment concrete beam becomes extremely sim- 
ple and more complex than that for rectangular wooden beam. 

The eleventh point complex formulas for chimneys. 
simple matter find the tensile stress that part plain concrete 
chimney between two radii the windward side. this space 
there inserted rod which.is capable taking that tension 
proper unit, the safety the chimney assured, far that tensile 
stress concerned. Why should frightfully complex formulas 
proposed, which bring the unknowable modulus elasticity con- 
tions some one else? 

known, deflection does not play much part the design beams. 
Sometimes, however, the passing requirement certain floor con- 
struction the amount deflection under given load. Professor 
Gaetano Lanza has given some data recorded deflections rein- 
forced concrete beams.* has also worked out the theoretical deflec- 
tions various assumptions. attempt reconcile the observed 
deflections with one several methods stresses led him 
the conclusion that: 


“The observations made thus far are not sufficient furnish the 
means for determining the actual distribution the stresses, and 


Reinforced Concrete Beams,”’ Journal, Am. Soc. Mech. Engrs., Mid-Octo- 
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hence for the deduction reliable formule for the computation 
the direct stresses, shearing stresses, diagonal stresses, deflections, 
position the neutral axis; under given load.” 


Professor Lanza might have gone further and said that the 
observations made thus far are sufficient show the hopelessness 
deriving formula that will predict accurately the deflection rein- 
forced concrete beam. The wide variation shown two beam tests 
cited him, which the beams were identical, is, itself, proof 
this. 

Taking the data these tests, and working out the modulus 
elasticity from the recorded deflections, though the beams were 
plain concrete, values are found for this modulus which are not 
out agreement with the value that variable modulus deter- 
mined other means. Therefore, the beams considered 
plain concrete beams, and average value assumed for the modulus 
lation which average that which may expected. Here 
again, simple theory better than complex, because the ease with 
which may applied, and because gives results which are just 
reliable. 

The thirteenth point concerns the elastic theory applied 
reinforced concrete arch. This theory treats reinforced concrete 
arch spring. order justify its use, the arch spring 
considered having fixed ends. The results obtained the intricate 
methods the elastic theory and the simple method the equilibrium 
polygon, are too nearly identical justify the former when the arch 
taken hinged the ends. 

The assumption fixed ends arch most extravagant 
one, because means that the abutments must rigid, that is, capable 
taking bending moments. Rigidity abutment only effected 
large increase bulk, whereas strength arch ring greatly 
augmented the addition few inches its thickness. the 
elastic theory, the arch ring does not appear need much strength 
the other method, but additional stability needed the abut- 
ments order take the bending moments. This latter feature 
not dwelt the theorists. 

the ordinary arch, the criterion which the size abutment 
gauged, the location the line pressure. difficult and 


q 


| 
| 
| 
q 
| 


QUESTIONS REINFORCED CONCRETE DESIGN 203 


expensive obtain depth enough the base the abutment keep 
this line within the middle third, when only the thrust the arch 
considered. If, addition the thrust, there bending mo- 
ment which, for many conditions loading, further displaces the 
line pressure toward the critical edge, the difficulty and expense are 
cannot gainsaid that few cubic yards concrete 
added the ring arch will much further toward strengthening 
the arch than the same amount concrete added the two 
abutments. 

reinforced concrete there are ample grounds for the contention 
that the carrying out nice theory, based nice assumptions and the 
exact determination ideal stresses, far less importance than the 
building structure which is, every way, capable performing 
its function. There are more than ample grounds for the contention 
that the ideal stresses worked out for reinforced concrete structure 
are far from realization this far from ideal material. 

Apart from the objection that the elastic theory, instead show- 
ing economy cutting down the thickness the arch ring, would 
show the very opposite fully carried out, there are objections 
greater weight, objections which strike the very foundation the 
theory applied reinforced concrete. the theory, 
the intricate beam theory commonly used, there the assumption 
initial unstressed condition the materials. This not true 
beam and still further from the truth the case arch. 
Besides shrinkage the concrete, which always produces unknown 
initial stresses, there still more potent cause initial stress, 
namely, the settlement the arch when the forms are removed. 
the initial stresses are unknown, ideal determinations stresses can 
have little meaning. 

The elastic theory stands falls according one able unable 
accurately the deflection reinforced concrete beam; 
and impossibility calculate this deflection even approxi- 
mately. The tests cited Professor Lanza show the utter disagree- 
ment the matter deflections. those tested, two beams which 
were identical, showed results almost 100% apart. theory grounded 
such shifting foundation does not deserve serious consideration. 
Professor Lanza’s conclusions, quoted under the twelfth point, have 
special meaning and force when applied reinforced concrete arch; 
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the actual distribution the stresses cannot possibly determined, 
and complex cloaks arithmetic cannot cover this fact. The elastic 
theory, far from being reliable formula, false and misleading 
the extreme. 


The fourteenth point refers temperature calculations 


concrete arch. These have meaning whatever. 
give the grounds for this assertion would reiterate much 
what has been said under the subject the elastic arch. the un- 
stressed shape arch cannot determined because the unknown 
effect shrinkage and settlement, waste time work out 
slightly different unstressed shape due variation, and 
further waste time work out the supposed stresses result- 
ing from deflecting that arch back its actual shape. 

other method finding the approximate stresses arch 
existed, the elastic theory might classed the best available; but 
this not the case. There method which both simple and 
reliable. Accuracy not claimed for it, and hence accord 
with the more less uncertain materials dealt with. Complete safety, 
however, assured, for treats the arch series blocks, and 
the cementing these blocks into one mass cannot weaken the arch. 
can proportioned the same manner for chim- 
neys, finding the tension exerted pull these blocks apart and then 
providing steel take that tension. 

The fifteenth point steel compression reinforced 
mended the most pretentious works the subject—to 
the strength column slender longitudinal rods embedded 
the quote from one these works: 


“The compressive resistance hooped member exceeds the sum 
the following three elements: (1) The compressive resistance the 
without (2) The compressive resistance 
the longitudinal rods stressed their limit. (3) The com- 
pressive resistance which would have been produced the imaginary 
longitudinals the elastic limit the hooping metal, the volume 
the imaginary longitudinals being taken 2.4 times that the 
hooping metal.” 


This does not stand the test, either theory practice; fact, 
far from being true. Its departure from the truth great 
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enough and serious enough moment explain some the 
the history reinforced concrete. 

nice theoretical conception that the steel and the concrete 
act together take the compression, and that each accommodating 
enough take just much the load will stress just the 
right unit. Here again, initial stress plays important part. The 
shrinkage the concrete tends put the rods compression, the 
load adds more compression the slender rods and they buckle, be- 
cause the lack any adequate stiffening, long before the theorists’ 
ultimate load reached. 

There theoretical practical consideration which would bring 
the strength the hoops after the strength the concrete between 
them has been counted. All the compression column must, 
necessity, through the disk concrete between the two hoops (and 
the longitudinal steel). additional strength the hoops can 
affect the strength this disk, with given spacing the hoops. 
true that shorter disks will have more strength, but this 
matter the spacing the hoops and not their sectional area, 
the above quotation would make appear. 

Besides being false theoretically, this method investing phantom 
columns with real strength wofully lacking founda- 
tion. Even the assumption reinforcing value longitudinal 
steel rods not all borne out tests. Designers add enormously 
the caleulated strength concrete columns when they insert some 
longitudinal rods. appears the rule that real columns are 
weakened the very means which these designers invest with rein- 
forcing properties. Whether not the rule, the mere fact that 
many tests have shown these so-called concrete columns 
weaker than similar plain concrete columns, amply sufficient 
condemn the practice assuming strength which may not exist. 
all parts building, the columns are the most vital. The failure 
one column all probability, carry with many others stronger 
than itself, whereas weak and failing slab beam does not put 
extra load and shock the neighboring parts structure. 

Bulletin No. the University Illinois Experiment 
Station,* plain concrete column, in. ft., stood ulti- 
mate crushing load 2004 per sq. in. Column identical 
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size, and having four rods embedded the concrete, stood 
1557 lb. per sq. in. much for longitudinal rods without hoops. 
This not isolated case, but appears the rule; and yet, 
reading the literature the subject, one would led believe that 
longitudinal steel rods plain concrete column add greatly the 
strength the column. 

paper, Mr. Withey, before the American Society for 
Testing Materials, 1909, gave the results some tests concrete- 
steel and plain concrete columns. (The term, concrete-steel, used 
because this particular combination not “reinforced” concrete.) 
One group columns, namely, in. diameter, 
102 in. long, and circular shape, stood average ultimate load 
lb. per sq. in. These columns were plain concrete. Another 
group, namely, were octagonal shape, with short diame- 
ter (12 in.), their length being 120 in. These columns contained nine 
longitudinal rods, in. diameter, and steel rings every foot. 
They stood ultimate load averaging lb. per sq. in. This 
less than the column with steel and with practically the same ratio 
slenderness. 

some tests columns made the Department Buildings, 
Minneapolis, Minn.*, Test was 9-in. column, ft. in. long, 
with ten longitudinal, round rods, in. diameter, and 14-in. 
circular bands (having two }-in. rivets the splice), spaced 
in. apart, the circles being in. diameter. carried ultimate 
load 130000 which much less than half “the compressive 
resistance hooped member,” worked out according the authori- 
tative quotation before given. Another similar column stood little 
more than half that “compressive resistance.” Five the seventeen 
tests the concrete-steel columns, made Minneapolis, stood less 
than the plain concrete columns. much for the longitudinal rods, 
and for hoops which are not close enough stiffen the rods; and yet, 
reading the literature the subject, any one would led believe 
that longitudinal rods and hoops add enormously the strength 
concrete 

The sixteenth indictment against common practice reference 
flat slabs supported four sides. Grashof’s formula for flat plates 
has application reinforced concrete slabs, because derived 


Engineering News, December 1908. 
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for material strong all directions and equally stressed. The 
strength concrete tension almost nil, least, should 
considered. ratio, prominent Grashof’s formula, has 
meaning whatever steel reinforcement for slab, because 
rod must take tension only; and instead material equally stressed 
all directions, there are generally sets independent rods only 
two directions. solution the problem given high English 
authority, the slab assumed have bending moment equal 
intensity along its diagonal. quite absurd assume in- 
tensity bending clear into the corner slab, and the very 
support equal that its center. method published the writer 
some years ago has not been challenged. this method strips are 
taken across the slab and the moment them found, considering 
the limitations the several strips deflection imposed those 
running right angles therewith. This method shows (as tests 
demonstrate) that when the slab oblong, the long 
direction rapidly diminishes usefulness. When the ratio 
reinforcement the long direction needless, since that the short 
direction required take its full amount. this way French 
and other regulations give false results, and fail work out. 

the writer wrong any all the foregoing points, 
should easy disprove his assertions. would better this 
than ridicule ignore them, and would even better than 
issue reports signed authorities, which commend the practices 
herein condemned. 
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THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
THE TERMINAL STATION-WEST.* 


Aprit 6TH, 1910. 


Location Work.—The area covered the work the Terminal 
Station-West bounded follows: the east line Ninth 
Avenue; the south side 31st Street point about 200 ft. 
west Ninth Avenue; line running parallel Ninth Avenue 
and about 200 ft. therefrom, from the south side 31st Street 
the boundary line between the 31st and 32d Street properties; this 
line the east line Tenth Avenue; the east line Tenth 
Avenue the boundary line between the 32d and 33d Street properties; 


this line the east line Ninth Avenue. The area approxi- 
mately 6.3 acres. 


property between Ninth and Tenth Avenues 
was covered with buildings, number, used dwelling and apart- 
ment houses and church properties, and was necessary remove 
these before starting the construction. Most the property was bought 
outright the Railroad Company, but some condemnation 
proceedings had instituted order acquire possession. the 
the property the Church St. fronting Ninth 


Station-West, referred the paper New York Tunnel Extension the 
Pennsylvania Railroad—The North River Charles Jacobs, Am. Soe. 
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Avenue, 31st and 32d Streets, the Railroad Company agreed pur- 
chase plot land the south side 34th Street, west Ninth 
Avenue, and erect thereon church, rectory, convent, and school, 
the satisfaction the Church St. Michael, hand over these 
buildings completed condition, and pay the cost moving 
from the old the new buildings, before the old properties would 
turned over the Railroad Company. 

The house-wrecking was done well-known companies under con- 
tract with the Railroad Company. These companies took down the 
buildings and removed all the materials far the level the 
adjacent sidewalks. The building materials became the property 
the contractors, who usually paid the Railroad Company for the 
privilege doing the house-wrecking. The work was done between 
April and August, 1906, but the buildings the Church St. Michael 
were torn down between June and August, 1907. 

The bricks were cleaned and sold directly from the site, were 
practically all the fixtures the buildings. The stone fronts were 
broken and left the premises. Some the beams were sold 
the premises, but most them were sent the storage yards. Some 
the lath and smaller timber was sold for firewood, but most 
was given away burned the premises. 

Contracts and main contract, awarded the 
New York Contracting Company-Pennsylvania Terminal April 
28th, 1906, about 502000 cu. yd. excavation (about 90% 
being rock), 820 cu. yd. walls, 1320000 structural 
steel, 638 000 ft., M., framed timber, ete. 

This contract was divided into two parts: “Work and Under 
Ninth Avenue” and “Work Between Ninth and Tenth Avenues,” and 
unit prices were quoted for the various classes work each 
these divisions. The prices quoted for excavation included placing 
the material scows supplied the Railroad Company the pier 
the foot West 32d Street, the North River; there was clause 
the contract, however, which the contractor could required 
make complete disposal all excavated material additional unit 
price, and this clause was January 1909, when about 
94% the excavation had been done. 

For the purpose disposing the excavated material the 
easterly portion the Terminal, the New York Contracting Company- 
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Pennsylvania Terminal had excavated under Ninth Avenue cut which 
came the grade 32d Street about midway between Ninth and 
Tenth Avenues, and trestle was constructed from this point over 


Tenth Avenue and thence the disposal pier the foot West 32d 
Street. 


May 11th, 1906, the work excavation was commenced the 
east side Ninth Avenue, and July 9th, 1906, the south side 
31st Street, between Ninth and Tenth Avenues. From the begin- 
ning, the excavation was carried day and night shifts, except 
Sundays and holidays, until January, 1909, except that during the 


period from November, 1907, October, 1908, the night shift was 
discontinued. 


rock encountered may classed “gneiss”; its 
character varied from granite mica schist. was made 
quartz, feldspar, and mica, and there were also some isolated specimens 
pyrites, hornblend, tourmaline, the south side 
the work, just west Ninth Avenue, there were excellent examples 
“contortions” veins quartz the darker rock. the east 
side Ninth Avenue, near the north end the work, glacial marks 
were found the rock surface. The general direction the stratifica- 
tion was north west, and the incline about 60° with the 
horizontal. rule, the rock broke sharply along the line stratifi- 
the south side broke better than the north side, where 
was usually softer and more likely slide; and this, together with 
the fact that winter was subject alternate freezing and thawing 
and summer the direct rays the sun, made rather difficult 
get good foundation for the retaining walls. 


General Description—The work involved the excavation. about 
375 ft. the full width Ninth Avenue average depth 
about ft., and the construction over this area steel viaduct, the 
deck which was about ft. below the surface, for the ultimate 
support the Ninth Avenue structures. 

The following estimated quantities appear the contract: Excava- 
tion rock, cu. yd.; excavation all materials except rock, 
9300 cu. yd.; (1:3:6) abutments, 1680 yd.; 
timber, ft., M.; structural steel, 1320000 ete. 


a | 
1 
| 
| 
| 


Papers.] TUNNELS: TERMINAL STATION-WEST 211 


While this excavation was being done was necessary support 
and maintain the three-track elevated railway structure the Inter- 
borough Rapid Transit Company, which columns, length 
about 340 ft., were affected, the two-track surface railway structure 
the New York City Railway Company, and various pipes, sewers, 
and conduits, and maintain all surface vehicular and pedestrian 
traffic. All structures were left place with the exception the 
pipes, most which were temporarily cut out. The 48-in. brick sewer 
the center Ninth Avenue was broken, and the sewage was pumped 
across the excavation through smaller pipe. 

The general method adopted was follows: The east and west 
sides the avenue were closed, vehicular traffic was turned into the 
center, and trestle for pedestrians was constructed west the west- 
erly elevated railway columns. All structures were then supported 
transverse girders, running across the avenue, below the surface, 
and these rested concrete piers the central rock core. The sides 
the avenue were then excavated sub-grade, and the permanent 
steel viaduct was erected both sides the avenue close 
possible the central rock core. The weight all structures was 
then transferred the permanent steel viaduct, erected the sides 
the avenue, timber bents under the transverse girders resting 
the permanent steel viaduct, and all weight was thus taken off the 
central rock core. This core was then excavated sub-grade, the 
permanent viaduct was completed, and all structures were placed 
its deck, using piers and timber bents. 

The design and erection the permanent steel viaduct and the 
permanent foundations its deck were done under another contract, 
apart from the North River Division work, and are not described 
this paper. 

Elevated Railway Structure the Interborough Rapid Transit 
Company.—The Ninth Avenue Elevated Railway was built between 
1877 and 1880 two-track structure, the design being such 
permit third central track added later, and this was built 
1894. supported columns under the outside tracks, about 
ft. from center center longitudinally and ft. in. from center 
center transversely, the central track being carried transverse 
girders between the columns. 


The columns carrying the structure are fan top design, with the 


points bearing near the extremities the top; each the outside 
tracks supported two longitudinal latticed girders and the central 
track two plate girders; between the columns, transverse girders 
are spliced the outside track cross-frames, and carry the central 
track system. was not thought desirable put brackets the 
columns near the street level support the structure temporarily, and, 
there expansion joint each column, and the transverse 
girders carrying the central track system are not rigidly attached 
the longitudinal girders carrying the outside tracks, the central track 
could not supported supporting the outside tracks; therefore, 
independent supports for each the form overhead girders, 
had provided. The columns rest brick piers, each having four 
2-in. anchor-bolts. The brick foundations the west side are wide 
order allow 24-in. water main pass directly beneath the 
columns. The foundations are usually rock. 

Fig. Plate XXXIV, shows the elevated railway structure and 
the street surface prior the commencement the work. 

The east track used for north-bound local trains, the west track 
for south-bound trains, and the central track for south-bound 
express trains between and 9.30 and for north-bound express 
trains between 2.30 and said that average 90000 
passengers are carried over this structure every hours. 

Surface Railway Structure the New York City Railway Com- 
pany.—This surface railway the ordinary type, the 
rail and slot being bedded concrete, with cast-iron yokes every ft. 
There are manholes every 100 ft., and cleaning-out holes every ft. 
Power conduits are bedded the concrete the east side the 
east track. 

Forty-eight-Inch Brick Sewer—This sewer was the center 
Ninth Avenue, with the invert ft. below the surface, and 
manholes about 100 ft. apart, and had abandoned this position 
allow the transverse girders put place all structures 
while the excavation was being done. 

Twenty-four-Inch Water Main.—This water main was 
laid under the west elevated railway columns, with its top about ft. 
below the surface, space being left for the brick foundations, 
and large column base casting being used span it. 


Valves were 
installed, one north 33d Street and one south 31st Street, prior 
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excavating near the pipe, that was broken the water could 
shut off promptly. 

Street was the original intention close and excavate 
the east side the avenue and erect there street-traffic trestle 
before closing the west side, but, the contractor’s request, both sides 
were closed, and all vehicular traffic was turned into the center. 
light trestle the west side the avenue provided for pedestrian 

Other Sub-surface were various gas mains, 
water mains, electric conduits, manholes, hydrants, the avenue, 
and most these were cut out temporarily, the contractor’s request, 
replaced subsequently. 

Supports for Elevated Railway stated previously, 
the central track had supported independently. 

The overhead girders, known girders “B”, were de- 
signed shown Fig. and put place shown Figs. and 
The outside tracks were blocked directly these girders, and the 
central track was supported blocking the transverse girders 
placed between the girders and blocking was placed 
between the girders “B” and the longitudinal girders carrying the 
central track. The weight each column was assumed 
Ib. 

Supports for Surface Railway uniform load 
3000 per lin. ft. single track, with the weight car 
000 was assumed. Several feet earth, between the structure 
and the rock, were mined out, and the structure was supported 
and posts, and ultimately the transverse girders using 
timber bents under the shown Fig. 

Water Mains and were designed for the support 
the 48-in. and 24-in. water mains, resting the transverse girders, 
and the 48-in. cast-iron sewer the east side the avenue was carried 
bracketed the ends the transverse girders, shown 

Girders transverse girders below the street surface, 
referred above, were known girders “C,” and they were put 
place first resting concrete piers the central core; the weight 
all structures was placed them while the sides the avenue 
were being excavated, and the sides the viaduct were being built. 
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The ends these girders were then picked the sides the 
viaduct, and, spanning the central rock core, carried all structures 
while the core was being excavated and the viaduct completed. New 
foundations were then placed the deck the viaduct carry all 
structures. 

Fifty-four these girders were required, each weighing about 
19000 lb. The bents carrying the ends these girders the sides 
the viaduct are shown Fig. They were long-leaf yellow 
pine. These girders were located that cradle could laid them 


east the elevated railway structure carry proposed 48-in. cast- 
iron water 


Girders these girders were required, each weigh- 
ing about 6000 Ib. The timber bents supporting these girders, shown 
Fig. were long-leaf yellow pine. 


The total weight, including the elevated railway structure, surface 


railway structure, pipes, supported during the work, amounted 
about tons. 

Details the Work.—The method general shown Figs. 
first the east side the avenue was closed and excavated 
down rock, the earth was mined out under alternate yokes the 
surface railway structure, and temporary posts were placed under the 
yokes support the structure while the remainder the earth was 
being removed. Then needle-beams and posts were placed under 
each yoke. The concrete forming the track structure was then en- 
closed with planking prevent from cracking and falling. 
were then placed under the needle-beams the structures, and 
these were carried posts; they were changed alternately until the 
excavation had been taken out depth about ft. below the 
surface. placing these heavier blocking was used the 
center the span than the ends where the bents would come, 
prevent the subsidence the track owing the sag the 
much excavation, depth about ft., was taken out adjoin- 
ing the elevated railway foundations could done with. safety. 
Fig. Plate shows this condition the work. The 48-in. 
brick sewer was broken, and the sewage was pumped across the 
excavation. 

The overhead girders “B” were then put place, and two the 
girders “C” were used temporary shoring girders each column. 
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These, shown Fig. Plate were placed parallel the 
elevated railway, with blocking between them and the girders “B.” 
Double bents, independent each other, were placed under the ends 
these temporary shoring girders, and these were braced securely 
prevent possible dislodgment during the removal the rock. The 
weight the structure was then taken jacking the girders 
near the bents until the column was lifted off the old foundation; 
blocking was put between the girders and the bents during the jack- 
ing, that when the jacks were released the base the column was 
still clear the old foundation. One 80-ton jack was used for this 
purpose, and the general method shown Fig. Plate 

Temporary raker braces were placed against the structure pre- 
vent lateral movement. Four sets these temporary shoring girders 
were used this manner, two sets starting the north end and two 
sets about the middle the work, and these sets were moved south 
they were released. 

The columns being thus supported temporary shoring girders, 
the old foundations were removed and the excavation was taken down 
level about ft. below the surface. 

Two sets three the girders “C” were then put place under 
the avenue each column, each set being placed four concrete 
piers ft. square with spaces ft. between them, that the outside 
the outside pier would ft. from the center the avenue and 
ft. from the house line. This shown Fig. and Fig. 
Plate XXXIV. Four small piers were used, they could more 
easily removed than one continuous pier. The girders “C” were set 
line and grade, and the piers were built under them, great care being 
taken get the concrete well under the girders give firm 
bearing. 

After these girders “C” were place was necessary remove 
the temporary shoring girders before the bents could erected 
girders “C” support girders “B,” being the same plane; and 
provision had made support the structure while this was being 
done. Therefore, double bents were erected directly beneath the 
These were built with their sills resting the girders “C,” and block- 
ing was put between the sills and the rock the full weight 
the structure. Later, when the weight the structure was carried 
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the permanent bents, this blocking was knocked out, but the bents 
were left carry the weight the column itself, which was swing- 
ing more less from the structure above. The weight the structure 
was placed these bents directly beneath the columns jacking 
the temporary girders again, putting blocking between the bents and 
the base the columns, and taking out the blocking which had been 
put previously under the temporary shoring girders. The 24-in. 
water main was carried over the excavation cables from the tem- 
porary shoring girders, except when they were being jacked up, 
which time posts were placed beneath it. 

Anchor-bolts were put place between the column bases and the 
bents directly beneath, order increase the lateral stiffness, and 
raker braces were also used. This having been done, the temporary 
shoring girders were moved south the next column, where the pro- 
cess was repeated. The timber bents, shown detail Fig. were 
then put place shown Figs. and and Fig. Plate 
These bents were framed tightly possible, using gen- 
erally 20-ton jack, and they were erected simultaneously ‘at each pair 
columns. The weight was taken these columns jacking 
directly beneath the column base and taking out the blocking between 
this base and the bent directly beneath the column. releasing the 
jack the weight was transferred the permanent timber bents, and 
the east and west columns each pair were transferred the same 
day. One 80-ton jack was used the easterly columns and two were 
necessary the westerly columns, one each side the 24-in. water 
main. The raker braces these permanent bents were not framed 
tightly the-main posts, order that the main post should carry 
the entire weight and the raker braces merely steady the structure. 

Timber bents were erected girders “C” carry the 
under the surface railway structure, shown Fig. and all tem- 
porary posts under these were removed. The bents were 
framed with jack, tightly possible, and very little settlement 
the track occurred. 

cradle was then built under the 24-in. water main and placed 
girders “C,” and, temporary footwalk had been constructed 
the west side the avenue, will seen that all structures were thus 
girders “C.” 


All structures were put the girders “C” before continuing the 
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excavation the sides the avenue because, case slide 
rock, there would less danger than individual structures. The 
outside piers, which the girders “C” rested, might even lost, 
without affecting the stability the structure, and posting could 
readily done beneath these girders case necessity. 

very careful record levels, taken the elevated railway 
columns, was kept, observations being made during each jacking 
and least twice week during the progress the work. The columns 
were usually kept about in. high allow for compression 
the timber bents. 

rule, jacking the elevated railway structure was done 
while trains were passing over, and trains were flagged during the 
operation. There was generally very little delay, all jacking was 
done between 10.30 and 2.30 M., when the traffic was lightest, 
and frequently the jacking was done between trains, causing delay 
whatever. Steel clamps were placed, three the top and three the 
bottom each set the girders “C,” bind them together and cause 
them act unit. 

All structures then being supported girders which were 
carried four piers resting the central rock core, the 
excavation the sides the avenue was continued down sub-grade 
and the east and west portions the concrete north abutment were 
constructed. The central rock core was about ft. wide the top 
and ft. wide the bottom, and the center 32d Street was 
about ft. high. 

was the original intention excavate sufficient width the 
sides the avenue erect six rows the permanent steel viaduct, 
ft. from center center, and this was done the south portion 
the work. the north portion, however, the rock was poor quality, 
and was thought best excavate for only five rows first, erect 
the five rows permanent steel and put the timber bents place 
under the ends the girders “C,” order give them some support 
while the outside concrete piers were being removed and the excavation 
was being widened out permit the erection the sixth row. Addi- 
tional raker braces were put these bents temporarily, and were 
removed when the sixth row steel had been erected. This shown 


Fig. Plate XXXIV, and Fig. Plate XXXV, show the struc- 
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tures supported the central rock core and the excavation the 
east side permit the erection the permanent viaduct girders. 
Fig. Plate shows also the easterly portion the concrete 
north abutment. Fig. Plate shows five rows the perma- 
nent viaduct girders erected the east side the work. 

The excavation the sides the avenue having been completed, 
and six rows permanent viaduct girders erected both sides, timber 


support the ends the girders and carry the structure while the 
rock core was being excavated. Plate the method 
taking the weight these bents. Four 80-ton jacks were used, and 
oak blocks were placed the top each jack transmit pressure 
temporary oak cap under the girders independent the 
bents; all four these jacks were operated simultaneously, and the 
girders “C” were lifted off the bents and clear the concrete piers. 
Oak filling pieces were then inserted between the bents and the girders 
that when the jacks were released the girders “C” were clear 
the piers. Fig. Plate shows that the girders 


have been lifted off the piers. Elevations were taken each set 


girders during each operation, and careful observations were made 
the elevated railway columns. Where the rock was very close these 
bents, the open space between the posts was filled with blocking that 
there would less danger the bent shifting struck blasted 
materials. Fig. Plate shows one these bents filled with 
blocking. 

All structures being carried girders “C,” which, turn, were 
the sides the permanent viaduct, the central core was 
excavated. Fig. Plate XXXV, and Figs. and Plate 
XXXVI, show various views the work this stage. 

The central portion the viaduct was then erected, and, using 
concrete piers and timber bents, all structures were placed its deck. 
Fig. Plate XXXVI, shows the piers under the elevated railway 
columns prior the removal girders “C.” 

During the latter part 1908 48-in. cast-iron water main was 
laid the city built the Railroad Company girders 
the east side the avenue. This part the high-pressure 
system, and the location and elevation this water main were taken 


into consideration when the underpinning was designed. This main, 
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and the 48-in. cast-iron sewer bracketed girders “C,” are shown 

Elevations had been taken marks the elevated railway 
columns between 30th and 34th Streets the time the original surveys 
were made, 1902, and these marks were test the the 
structure during the progress the excavation. 

the extreme south end the work the procedure was changed. 
The east side was excavated down sub-grade, the east portion the 
south abutment was constructed, and six rows the permanent steel 
viaduct were erected. Very little excavation had been done the west 
side the avenue the south end the work, and would have 
delayed the completion the work have waited for the excavation 
for and the construction the west portion the south abutment 
and the erection the steel; therefore, instead supporting the 
girders “C” the central rock core, the east ends were taken 
the permanent viaduct girders, and the west ends were supported 
pier the rock. The central portion the avenue was 
excavated advance the west portion. The permanent viaduct 
girders were put place from east west across the avenue, and the 
girders were supported the deck the permanent viaduct 
approximately under the west elevated railway columns before the west 
portion the avenue was excavated, the central portion the south 
abutment having been constructed before the west portion. This pro- 
cedure was adopted only the north girders “C” elevated railway 
column No. 488, the south set girders “C” being the rock im- 
mediately south the south abutment. Figs. and Plate XXXVI, 
and Fig. Plate show various stages the work the 
south end. 

was made practice all through the work transfer the weight 
the structures very positively from one support another lifting 
them bodily jacks, and putting filler pieces before releasing the 
jacks, not trusting wedging transfer the loads. fact, apart 
from the boxing-in the surface railway concrete, wedges what- 
ever were used. This appears have been decided advantage, for, 
with the constant pounding trains the elevated railway and the 
jarring due heavy trucks the pavement blocks, very likely 
that wedging would have become loosened and displaced, whereas, with 
blocking, there was little toward displacement due 
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vibration. Although the vibration the structure, when long 
length was supported girders resting the permanent viaduct 
girders the sides the avenue, appeared considerable, not 
only vertically but transversely, very careful observation showed that 
the sag the girder due live load three elevated railway 
trains, one surface railway car, and one heavy truck, amounted in. 
The sideway vibration did not amount more than in. either side 
the normal position. More vibration was caused heavy trucks 
and wagons going over the stone pavement than the elevated railway 
trains surface cars. 

blasting was done near the supports the elevated railway 
structure while trains were passing over it, and occasionally trains 
were stopped during heavy uncertain blast. watchman the 
surface, day and night, and first one and later two flagmen the 
elevated railway structure, were duty all times, reporting the 
Interborough Rapid Transit Company, whom they were employed. 
Log mats and timber protection for the girders and the columns 
the permanent viaduct were used; shown Figs. and Plate 
XXXVI, during the the rock core, and timber was also 
used protect the face the completed portions the concrete 
abutments. 

excavating the sides avenue, the rock broke better, 
the east than the west side, where large seams developed and some 
slides occurred. 

shown Fig. the face the north abutment 
has batter in. the foot, and the face the south abutment 
has variable batter, the base being grade and the bridge seat 
being level, and both maintaining uniform distance from the center 
the Terminal Yard. The back walls the abutments were not 
built until the steel had been put place. 

attempt was made water-proof these abutments, but, the 
rear the wall, open spaces were left, about ft. from center 
center, which were connected with drain pipes the base and 
extending through the wall, for the purpose carrying off any water 
that might develop the rock. These drains were formed build- 
ing wooden boxes with the side toward the rock open and the joints 
the boxes and against the rock with mortar advance 
the wall. hose was used run water through these drains during 
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the placing the concrete, for the purpose washing out any grout 
which might run into them. Each box was washed out frequent 
intervals, and there was clogging the drains whatever. This 
method keeping the drains open was adopted and used successfully 
for the entire work. The abutments were built concrete, and the 
mixture was part cement, parts sand, and parts broken 

The concrete was mixed No. Ransome mixer, and was placed 
very wet. facing mixture facing diaphragms were used, but 
the stone was spaded away from the face the wall the concrete 
was laid. Chutes were used inside the form, the concrete had 
drop some Work was continued day and night, without any 
intermission, from the time commencement the time comple- 
tion each section. 

The face the concrete wall was rubbed and finished manner 
similar that used the walls between Ninth and Tenth Avenues, 
described later. 

Fig. Plate XIX, shows the east and central portions the 
south abutment, completed and carrying the permanent viaduct, and 
the excavation completed for the west portion. 


General Description—The work involved the excavation about 
5.4 acres, between the west house line Ninth Avenue and the east 
house line Tenth Avenue, average depth about ft., the 
construction stone masonry portal Tenth Avenue leading the 
River Tunnels, and the around the site the 
retaining and face walls. 

The following estimated quantities appear the contract: Excava- 
tion rock trenches, 3400 cu. yd.; excavation rock pit, 
cu. yd.; excavation all materials except rock trenches, 
6500 cu. yd.; excavation all materials except rock pit, 
cu. yd.; concrete, 1:3:6, retaining walls, 4580 cu. yd.; concrete, 
face walls, 7460 cu. yd.; concrete, with stone, 
face walls, 4100 cu. yd.; stone masonry portal, 247 yd., 
ete. 

previously stated, the contract price included the placing 
all excavated material scows Pier 62, North River. Prior this 
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contract this pier had been used the New York Contracting Com- 
pany-Pennsylvania Terminal, for the disposal excavated material 
from east Ninth Avenue. order get the material the pier, 
the contractor had excavated cut under Ninth Avenue which came 
the grade 32d Street about midway between Ninth and Tenth 
Avenues, and trestle was constructed from this point over Tenth 
Avenue and thence the pier. Fig. Plate shows the east 
end this cut, and Fig. Plate XVII, shows the trestle, looking 
east from Tenth Avenue. 


30-ton steam shovel was brought the south side the work, 


and commenced operating July 9th, 1906. After working there 


about month, the earth had been practically stripped off the rock, 
and the shovel was moved over the north side where excavated 
both earth and rock until August 10th, 1907. 

three points south 32d Street and one point north 32d 
Street near Tenth Avenue, cuts were made the rock sub-grade, 
and from these cuts, together with the cuts the west side Ninth 
Avenue, all widening out was done and the excavation was completed. 
Fig. Plate shows the excavation the three the 
south side 32d Street, the steam shovel operating the north side 
that street, and the material-disposal tracks and trestle. Fig. 
Plate shows the cuts joined and the excavation along the 
south side practically completed. 

the north side the work, between Stations 182 and 
183 65, the rock was low, and provision had made for main- 
taining the yards the north the site. Therefore rubble-masonry 
retaining wall was built, with the face about ft. north the face 
the proposed concrete wall which was put later. the 
same side the work, between Stations 188 and 188 46, the 
rock was exceedingly poor, and small frame house the adjoining 
lot was considered unsafe condition, rubble masonry 
retaining wall was built. the building adjoining the south side 
the work Tenth Avenue was earth foundation, was neces- 
sary underpin before the excavation could done. The building 
was supported needles, and rubble masonry was put from the 
bottom the old foundation the rock. The foundation 413 
West 31st Street, immediately west the Express Building site, was 


; 
> 
x 
ied 
q 
4 
: 
4 
rua 


230 PENNSYLVANIA TUNNELS: TERMINAL [Papers. 


very poor masonry, and was necessary rebuild prior taking 
out the adjoining excavation. 

Along the north side, between Stations 186 and 187 50, 
the walls supporting the adjoining back yards were poor quality 
and had renewed the contractor before excavation could 
done. 

The excavated material was loaded derricks ears the top 
the excavation, these cars being tracks having direct connection 
with the disposal trestle, shown Fig. Plate soon 
could done, were placed the bottom the excava- 
tion; tracks were then laid out there, and the excavated material was 
loaded cars the bottom and hoisted derricks cars the 
disposal trestle. locomotive was lowered the bottom the excava- 
tion August 25th, 1907, and derrick started operating the 
bottom August 27th, 1907. The commencement this work 
derricks the bottom shown Fig. Plate general, 
the disposal tracks were maintained about the center line 31st 
Street until the excavation had been carried close them possi- 
ble, and October 16th, 1907, they were shifted the extreme 
north side the work, shown Fig. Plate portion 
the old trestle was left place near Tenth Avenue, derrick was 
erected thereon, and the tracks were used for cars receive the 
excavated material hoisted from sub-grade. The disposal trestle was 
maintained this position until such time would interfere with 
the excavation, and then the tracks were abandoned. This was done 
November 1908. Fig. Plate shows the finishing 
the excavation the north side the work. August 30th, 1908, 
cut was made under Avenue sub-grade, and cars could then 
run from Seventh Tenth Avenue sub-grade. October 24th, 
1908, the connection with the disposal trestle east Ninth Avenue 
was abandoned, and all excavated material was hoisted from sub-grade 
Tenth Avenue derricks. 


previously stated, the contractor was required make com- 
plete disposal all excavated material after January 1909, but 
was allowed the use the pier until January 20th, 1909, after which 
date the materials were hoisted derricks Tenth Avenue, loaded 
2-horse trucks, and transported the 30th Street pier, North River, 
where was loaded scows two derricks. considerable 
amount the rock excavation was broken and used for back-fill. 
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Earth all the earth excavation, amounting 
about 57000 cu. yd., was done with steam shovels. The average 
quantity earth excavated steam shovel per 10-hour shift was 
180 cu. yd. This material was loaded side-dump cars and taken 
the disposal pier where was dumped through chutes the decks 
scows. Inasmuch the quantity earth excavation was small, 
compared with the rock, the earth was used principally for the first 
layer the scows for padding, that small stones might dumped 
through the chutes without injuring the decks. 

Rock Excavation.—As previously stated, the rock broke better 
the south than the north side, where there were several slides, and 
considerable excavation had taken out beyond the neat line re- 
quired the specifications. The worst slide occurred midnight 
July 3d, 1909, about Station 188 50. The last blast, complete 
the excavation sub-grade this point, had been fired the after- 
noon the same day, and the mucking was practically completed. 
Great care had been taken excavating near this point, was 
evident that the rock was not very stable character, but, when the 
excavation had been completed, was thought that the rock remaining 
place would stand. The volume material brought down this 
slide amounted about 200 cu. yd. The rock the south side broke 
very well, and there were slides any consequence. 

The drill holes were laid out the blaster, and the general method 
drilling for different classes work was follows: breaking 
down, the holes were started about ft. apart, slight batter, 
that the bottom they would considerably less than ft. apart. 
They were drilled about ft. deep, and blasting logs were used, 
was necessary load quite heavily order lift the material and 
start the cut. After the cut had been made, side holes were shot 
widen out sufficiently start another cut. 

After side cut about ft. deep had been made, the side holes 
were drilled ft. deep, and the holes were loaded and tamped for the 
full 20-ft. Under the terms the specifications, the contractor 
was required complete the excavation the sides drilling broach- 
ing holes. 

The maximum length drill steel was about ft., and, where the 
excavation plane broaching was more than ft. depth, the con- 
tractor was permitted start the holes back the broaching line, 
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order allow for setting the drills the second lift. distance 
about in. allowed for setting drill. The broach- 
ing line -was painted the surface the rock advance the 
drilling, and the batter the drill was tested with specially designed 
hand-level which the bubble came central position when the face 
the level was the required batter. were also drilled 
front this broaching line, and, when the excavation had been taken 
out within about ft. front it, the holes immediately front 
were loaded, and also about every third one the broaching holes, 
and, unless the rock was very bad, usually broke sharply the 
broaching line. the broaching holes which were not 
loaded were filled with sand, which gave rather better results than 
leaving them open. 

the steam-shovel work the east side Ninth Avenue, spring 
holes were used. They were formed drilling 20-ft. hole and exploding 
the bottom it, without tamping, two three sticks dynamite, 
and repeating this process with heavier charges until there had been 
formed the bottom the hole large cavity which would hold from 
100 200 dynamite. Face holes and breast holes were also 
drilled, and was possible this method drill and break cut 
ft. deep and ft. thick. The only place-where spring holes were 
used this was the east side Ninth Avenue, where the 
heavy cutting was sometimes extended beyond the east house line. 

From the best records obtainable, the average progress drilling 
was about lin. ft. per 8-hour shift. The average number cubic 
yards excavation per drill shift was 13.9, and the average amount 
drilling per yard excavation was 2.4 ft.; this covered more 
than drill shifts. 

The dynamite was practically all 60%, and the average excavation 
per pound dynamite was 2.2 cu. yd. The contractor employed 
inspector batteries and fuses, who, using instrument for that 
purpose, tested the wiring each blast prior firing, order dis- 
cover any short circuits, and thus prevent the danger leaving un- 
exploded dynamite the holes. 

The average quantity excavation per derrick shift hours, 
covering 400 shifts, 87% the excavation being rock, was cu. yd., 
and the average force per shift, including only foreman and laborers, 
was men. was found that derrick operating the top 
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20-ft. cut would handle about cu. yd. per shift, whereas, operating 
the bottom the cut, would handle about cu. yd. per shift. 
The elevator derricks Tenth Avenue were very efficient, and each 
could take care the material from four derricks the bottom, hoist- 
ing 250 cu. yd. per shift height ft. 

Concrete Retaining and Face was essential have the 
greatest space possible the bottom the excavation, and, inasmuch 
the yard was left open, was necessary provide some facing 
for the rock the sides order prevent disintegration, due 
exposure, and give finished appearance the work. Above the rock 
surface retaining wall gravity section was designed, the top being 
slightly higher than the yards the adjoining properties. The face 
wall was designed thin possible, order allow the 
maximum space for tracks. 

The excavation, therefore, was laid out that the back the 
retaining wall would not encroach the adjoining property, but would 
practically coincide with the property line positions maximum 
depth. 

The batter the face the wall was in. per ft., and bridge 
seat ft. wide was formed elevation ft., minimum clear- 
ance, above the top the rail. This bridge seat was made level. The 
maximum height the south wall ft., and the north wall 
ft. 

The face walls were classed “Upper Face Walls,” extending from 
the base the retaining wall the bridge seat, and “Lower Face 
Walls,” extending from the bridge seat the base the wall. The 
general design shown Fig. 

considering the design the face wall was felt that, the wall 
being thin, ample provision should made prevent any accumu- 
lation water and consequent pressure back the wall; therefore, 
attempt was made water-proof it, but provision was made carry 
off any water which might appear the rock. Box drains, ft. wide 
and ft. from center center, were placed against the rock, that, 
there being but ft. between the drains, and the wall having mini- 
mum thickness ft., any water the rock would not have 
more than ft. reach drain, and would probably pass along the 
face the rock drain rather than through ft. These 
drains were connected with pipes leading through the wall its base. 
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These box drains frequently, and decreased the section 
the wall materially, that was thought desirable tie the 
wall the rock. This was done drilling into the from 
ft. depth, and grouting into each hole rod having 
split end and steel wedge. The outer end each rod was fitted with 
plate and nut, and extended into the wall, thus 
tying the concrete securely the rock. The drains being ft. from 
center, the tie-rods were placed midway between them, and 
ft., from center center, vertically and horizontally. Fig. shows 
the arrangement these rods and drains. Around the Express Build- 
ing site, just west Ninth Avenue, the south side the work, the 
bridge seat was omitted, and the face wall was designed ft. thick 
from top bottom. The batter the 31st Street wall was made 
variable, the top and bottom being constant distances from the center 
line and different grades. 

The retaining walls were water-proofed with three layers felt 
and coal-tar pitch, which was protected in. brick masonry. 
6-in. vitrified drain pipe was laid along the back the wall, with the 
joints open the lower half, and this was covered with ft. broken 
stone and sand before any back-fill was placed it: 

The arrangement the drains was follows: The 6-in. drain 
back the retaining wall was connected with one the box drains 
the rear the face wall cast-iron pipe wooden box every 
ft., and this ran through the base the retaining wall. Midway 
between these pipes, connection was made the bridge seat between 
the drain the rear the face wall and the gutter formed the rear 
the bridge seat carry off rain-water coming down the face the 
wall above. All the box drains, except those connected with the drains 
back the retaining wall, were sealed the elevation the base 
the retaining wall, noted previously. 

The specifications required vitrified pipe laid through the 
retaining wall, but, owing the difficulty holding the short lengths 
pipe place during the laying wet concrete, they were dispensed 
with, and either iron pipes wooden boxes were used. 

the excavation the sides had been completed, 
movable drilling platforms were erected, shown Fig. Plate 
The holes were pitch in. per ft. with the 


horizontal. The depths the holes were decided the engineer, and 
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were the basis minimum depth ft. perfect rock; the 
character the rock, therefore, and the presence seams, determined 
the depths the holes. Each hole was partly filled with grout, and 
the rod, with the steel wedge the split end, was inserted and driven 
with sledge that the wedge, striking the bottom the hole first, 
would cause the split end the rod open. Each hole was then 
entirely filled with neat cement grout. 

Box methods forming the box drains were con- 
sidered, such using half-tile drains, metal form, collapsible 
form which could withdrawn, but was finally decided boxes 
which the side toward the rock was open and the joints the boxes 
and against the rock were plastered with cement mortar. These boxes 
were left place. Fig. Plate shows the tie-rods and 
box drains place, and holes being cut near the bottom the drains 
for the pipes leading through the wall. 

Forms.—Fig. Plate shows the form used the south 
side the work. The materials were good quality, and the form, 
which was about ft. long, was used build twelve sections, about 
600 ft. wall. The form was tied the top and bottom cables 
attached rods drilled into the rock, and was thought that, with the 
trusses stiffen the middle section the form, would not neces- 
sary use raker braces against it. This would desirable, the 
placing the raker braces took considerable time. was found, 
however, that the form was not sufficiently rigid, bulged the 
middle section and could not held the trusses. Two three sets 
raker braces, about ft. apart, were used, and addition, rods 
with turnbuckles were placed through the form and fastened the 
tie-rods, and thus the form was held place successfully. the 
forms built later, the trusses were omitted, and raker braces, about 
every ft., were used. The rods which screwed into the turnbuckles 
were removed before the form was moved. The photograph, Fig. 
Plate was taken inside the concrete form for the lower face 
wall the north side, and shows the drains leading through the wall, 
the turnbuckles attached the tie-rods, the cables attached rods 
the rock, and the braces keep the form from coming in; these braces, 
course, were removed the concrete came up. form was built 
low and wedged into position. After section concrete had set 
sufficiently, the wedges were knocked out, the form was lowered and 
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moved from the wall, and was then moved along the lowest waling 
piece block and tackle its new position. 

Fig. Plate shows the forms used the north side 
the work. 

section, ft. square, the top the bridge seat the lower 
face wall, was left out, that the bottom the form for the upper 
face wall could braced against it. The top this form was tied 
cables attached rods the rock and rods with turnbuckles 
running from back front the form; braces were also put from 
the back the retaining wall form the walls buildings along the 
property lines, when this could done. The middle ‘section the 
form was held rods with turnbuckles which passed through the form 
and were fastened each the tie-rods drilled into the rock, was 
also done the case the lower face wall. was generally possible 
hold the form true position this manner, but occasionally 
had tendency bulge; when this occurred, the rods leading through 
the form and fastened the tie-rods were tightened up, the placing 
the concrete was slowed up, and serious bulging occurred. 

Bulkheads the ends the sections were built rough planking 
securely braced the rock, except that planed board was laid 
against the face the form make straight joint. the end 
each section was formed, shown Fig. Plate XXVIII. 
all corners, “return,” portion the wall running right 
angles, was built, and section wall was stopped corner. 

Filling Forms Lower Face temporary trestle was 
erected above the elevation the bridge seat, and track, leading 
from the mixer the form filled, was laid it. the com- 
mencement each section layer mortar part cement 
parts sand) was deposited the bottom. 1:3:6 mixture con- 
crete was used; was run from the mixer into dump-cars and deposited 
form through chutes, three which were provided for each 
50-ft. section, the average length. The concrete was mixed wet, and 
was not rammed; the stone was spaded back from the face, and 
facing mixture facing diaphragms were used. Work each sec- 
tion was continued day and night without any intermission from the 
time commencement the time completion. frequent inter- 
vals the box drains were washed out thoroughly with hose, order 
prevent them from clogging with grout. 
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the first few sections wall, the form was filled within in. 
the top the bridge seat and allowed set for about hours; was 
then finished the proper elevation with plaster part cement 
part sand. This did not prove satisfactory, there were indi- 
checking and cracking, and, later, the form was filled the 
required elevation and the surface floated. The form was allowed 
remain place for from hours, depending the weather. 
most immediately after the form had been moved, scaffold 
was erected against the face the wall, and the face was wet and 
thoroughly rubbed, first with wooden float and then with cement 
brick, until the surface was smooth and uniform. 

The section ft. square the top the bridge seat, which was 
left out order brace the bottom the form for the upper face 
wall, was filled after the walls had been completed. The old con- 
crete was very thoroughly cleaned before the new concrete was placed 
it, and gutter was formed the rear connecting with the box 
drains back the wall carry off rain-water coming down the face 
the upper walls. 

hot weather the walls were thoroughly wetted down several 
times day for several days after the form had been removed. 

Upper Face and Retaining cases where the top the 
retaining wall was higher elevation than the mixer, was neces- 
sary raise the concrete bucket with derrick, and dump into 
cars the trestle above the top the coping. Concrete was deposited 
through chutes, the lower face wall, continuously from the bottom 
the face wall the top the retaining wall. the commence- 
ment each section the retaining wall layer mortar was put 
the rock. 1:2:3 mixture concrete was used the face wall, 
and 1:3:6 mixture the retaining wall. 

the face walls were thin, the number batches concrete 
per hour was reduced, for the form filled rapidly that the concrete, 
before set, exerted excessive pressure against the form, and this 
tended make bulge. The proper rate which place the concrete 
behind form ft. long, with wall ft. thick, was found about 
fifteen 4-yd. batches per hour. 

Cracks Walls and Longitudinal Reinforcement.—Before the con- 
crete walls were started, the contractor suggested using forms 100 ft. 
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long and building the walls sections that length; was decided, 
however, limit the length ft. 

The south walls, sections approximately ft. long, were built 
first, starting Tenth Avenue and extending for about 500 ft. Soon 
after the forms were removed, irregular cracks appeared the walls 
between the joints practically every section. was thought that 
these cracks might due the wall being very thin and being held 
the back the tie-rods, there was also quite material change 
the section the wall each drainage box. Although was 
admitted that these cracks would have effect the stability the 
wall, was thought that, for appearance sake, would desirable 
prevent control them, possible. The first method suggested 
was shorten the sections ft., which would give expansion 
and contraction joint every ft., being thought that sections this 
length would not crack between the joints. This, however, was not 
considered desirable. effort was then made prevent cracks 
section wall, about ft. long, the south side, using longi- 
tudinal reinforcement. the lower and upper face walls, square 
twisted steel rods were placed longitudinally about in. from the 
face and about ft. in. apart vertically. The sections these walls 
were finished April 10th, and May 5th, 1909, respectively. 
present there are indications cracks these sections, and they 
are practically the only ones the south walls which not show 
irregular cracks. 

was decided, however, that, inasmuch the cracks did not affect 
the stability the walls, the increased cost thus reinforcing the 
remaining walls- was not warranted. effort control the cracks 
was made placing corrugated-iron diaphragms the form, dividing 
each 50-ft. section into three parts. The diaphragms were ft. wide, 
and were placed with the outer edge in. from the face the wall, 
but the copings they were omitted. The purpose these diaphragms 
was provide weak sections the walls, that there was any 
crack would occur along the line the diaphragms. 
Corrugated iron was used for the diaphragms instead sheet iron 
was more easily maintained vertical position. The general 
arrangement the diaphragms shown Fig. Plate 
The results obtained using diaphragms have been quite satisfactory, 
and cracks approximately straight and vertical have usually ‘appeared 
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opposite the diaphragms soon after the forms were removed. Dia- 
phragms were used all the remaining walls, with the exception 
those between Stations 187 and 188 the north side, where 
the rock was poor character and bad slides had occurred. Between 
these points, order strengthen the wall, twisted steel rods, in. 
square, were placed longitudinally, in. from the face the wall 
and ft. apart vertically, between Elevations 295 and 335. 

Tenth Avenue Portal—The design the Tenth Avenue Portal 
shown The stone selected came from the Millstone Granite 
Company’s Quarries, Millstone Point, Conn., and close-grained 
granite. Fig. Plate shows the completed portal. 

Practically all the stone cutting was done the quarry, but certain 
stones each course were sent long and were cut the ground, 
order make proper closures. Drains were left behind the portal 
around the back each arch, leading down the bottom, and through 
the concrete base each side the portal and the central core-wall; 
all these drains have been discharging water. 

old church No. 236 West 34th Street, between 
Seventh and Eighth Avenues, was turned over the New York Con- 
tracting Company-Pennsylvania Terminal for power-house supply 
compressed air for use the Terminal Station work between Seventh 


and Ninth Avenues and the work below sub-grade well that 


the Terminal Station-West. Four straight-line compressors and one 


Corliss compressor were installed, the steam being sup- 
plied three Stirling boilers. Three electrically-driven air com- 
pressors, using current volts, were also installed, and the total 
capacity the power-house was about 19000 cu. ft. free air per 
minute compressed per sq. in. 

Disposal disposal pier (old No. and new No. 72), 
the foot West 32d Street, North River, was leased the 
vania Railroad Company. The entire pier, with the exception the 
piles, was taken down, and the piles which would the path the 
proposed tunnel were withdrawn prior the building the tunnels 
and the construction the pier for disposal purposes. Subsequent 
the driving the tunnels there was considerable settlement the 
pier, especially noticeable the telphers, and finally these 
abandoned this account. Fig. Plate shows the 
chutes through which the earth was dumped the decks the scows 
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form padding which dump the heavier rock. Fig. Plate 
shows the derricks the end the pier. These were 
used, not only for loading heavy stones and skips, but also with 
clam-shell bucket for bringing broken stone and sand for use 
the work. Large quantities pipe, conduits, brick, were also 
brought this pier for use the work. 


ORGANIZATION ENGINEERING Force 


The design and execution the work were under the direction 
Charles Jacobs, Am. E., Chief Engineer, and James 
Forgie, Am. Soe. E., Chief Assistant Engineer. The writer 
acted Resident Engineer. 


RESIDENT ENGINEER. 


ASSISTANT ENGINEER. 


Chief Party. Chief Inspector. Field Office Clerk. 
Night Inspector. Janitors. 
Rodmen. 


Chainmen. 


Inspectors. Concrete Inspectors. 

Inspectors (Car Records. Mixer Inspectors. 
Force Account Men). 

Messenger. 


10. 


The general organization the engineering force the field 
shown the diagram, Fig. 10. 

The position Assistant Engineer, responsible charge Con- 
struction and Records, has been filled turn Messrs. Gill, 
MeNeil, Jun. Am. E., and Greene, Assoc. 
Am. Soe. 

Messrs. Combes and Brogan have acted Chief In- 
spector and Night Inspector, respectively, charge outside work 
during the entire carrying out the contract. 

Base lines had been established Ninth and Tenth Avenues for 
the Terminal work east Ninth Avenue and for the Tunnel work 
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west Tenth Avenue, and these lines, together with bench-marks 
similarly established, were used laying out the Terminal Station- 
West work. 

Prior the commencement the work, elevations were taken 
the surface 10-ft. intervals, and elevations the rock surface were 
taken these points the rock was uncovered. Cross-sections were 
made and used computing the progress and final estimates. 

Very careful records were kept labor, materials, derrick per- 
formances, steam-shovel performances, quantity dynamite used, 
and, addition, diary was kept giving description the work and 
materials used each day; various tables and diagrams were also 
prepared. 

daily report was sent the Chief Office showing the quantities 
excavation removed and concrete built, the force the field, the 
plant work, ete., during the previous day. the end each month 
description the work done during that month, with quantities, 
men employed, percentages work done, was sent the 
Chief Office. Two diagrams, showing cross-sections and contours 


the excavation done and the progress the walls, were 
also sent. 


Cost 

From the records labor and material obtained the field, and 
from estimated charges for administration and power, estimate 
was made the cost the contractor for doing various classes 
work. was necessary estimate the administration and power 
charges, the contractor’s organization and power-house were also 
controlling and supplying power the Terminal Station work east 


Ninth Avenue and also the work below sub-grade. -The labor and 


material charges the field were placed directly against the class 
work which they were used and the administration and general 
charges (which included superintendence, lighting, were appor- 


tioned the various classes work proportion the value the 


labor done. 
STATISTICS. 


The total weight the structural steel used during the under- 
pinning Ninth Avenue was 1475000 


The total weight supported during the work under Ninth Avenue 
was about tons. 
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The average daily traffic over the Ninth Avenue Elevated Railway 
was 90000 passengers, and, during the progress the excavation and 
underpinning, about 100000000 passengers were carried over that 
structure. 

The total excavation was 521000 cu. yd., which 87% was solid 
rock. 

The average drill performance was about lin. ft. per 8-hour 
shift. 

The average number cubic yards excavation per drill shift 
was 13.9. 

The average number feet drilling per cubic yard excava- 
tion was about 2.4. 

The average excavation per pound dynamite was 2.2 cu. yd. 

The average amount excavation per derrick shift ten hours, 
87% the excavation being rock, was cu. yd. 

The average derrick force per shift, including only foreman and 
laborers, was men. 

The salaries the engineering staff the field and the expenses 
equipping and maintaining the field office amounted 2.8% the 
cost the work executed, 2.7% being for engineering salaries alone. 


ni 
| su 


Vol. XXXVI. FEBRUARY, 1910. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


TESTS CREOSOTED TIMBER.* 


During the last few years quantity literature has appeared 
which the treatment timber preservatives has been discussed. 
The properties timber, both treated and untreated, have been 
determined the Forest Service, United States Department Agri- 
culture, and through its researches valuable knowledge has come 
engineers who have deal with the design wooden structures. There 
very little information, however, regarding the effect time 
creosoted timber, and for this reason the results given herewith may 
prove interest. 

The material tested consisted southern pine stringers having 
cross-section approximately in. and length ft. For 
the purpose. testing, each beam was cut into two parts, each about 
ft. long. This material had been use trestle railroad 
near New Orleans for years. The stringers were chosen random 
determine the general condition the trestle. The timber had been 
exposed the weather and subjected heavy train service from the 
time was treated until was tested. The annual rainfall New 
Orleans about in., and the humidity the air high. spite 
these conditions, there was appearance decay any the 


This paper will not presented any meeting, but written communications the 
subject are publication with Transactions. 


Professor Experimental Engineering, Tulane University Louisiana. 
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specimens tested. The specifications under which the timber was 
treated were follows: 


TIMBER. 


The timber for creosoting shall long-leafed southern pine. 
Sap surfaces two more sides are preferred. 

piles shall long-leafed southern pine, not less 
than in. the butt. They shall free from defects impairing 
their strength, and shall reasonably straight. 

The piles shall cleanly peeled, inner skin being left them. 
The oil used shall so-called creosote oil, from London, England, and 
shall heavy quality. 

The treatment will vary according the dimensions the timbers 
and length time they have been cut. Timbers large and small 
dimensions shall not treated the same charge, neither shall tim- 
bers differing stages air seasoning, the close-grained, treated 
the same charge with coarse open-grained timbers. 

The timbers shall subjected first live steam superheated 
from 250 275° Fahr., and under pressure. The live 
steam shall admitted into the cylinders through perforated steam 
pipes, and the temperature shall obtained using superheated 
steam closed pipes the 

The length time this steaming shall last will depend the 
size the timbers and the length time they have been cut. piles 
and large timbers freshly cut, long time hours may 
required. After the steaming accomplished, the live steam shall 
shut off and the superheated steam shall maintained tempera- 
ture 160° more and vacuum from in. shall held 
for hours longer, the discharge from the pumps indicates the 
necessity. 

Oil Treatment.—The temperature being maintained 160° Fahr., 
the cylinders shall promptly filled with creosote oil temperature 
high practicable (about 100° Fahr.). The oil shall maintained 
pressure ranging from 100 120 lb., experience and measure- 
ments must determine the length time the oil treatment shall con- 
tinue, that the required amount oil may injected. 

After the required amount oil injected, the superheated steam 
shall shut off, the oil let out, the cylinders promptly opened each 
end, and the timber immediately removed from the cylinder. 

the erection timbers the sap side must turned up, and 
framing cutting timkers shall not permitted, avoidable. All 
surfaces timbers shall saturated with hot asphaltum, thinned 
with oil. The heads piles when cut shall promptly coated 
with the hot asphaltum and oil, even though the cut-off temporary. 
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TESTING. 


The tests were made Riehlé 100 machine the Experi- 
mental Engineering Laboratory Tulane University Louisiana. 
The machine provided with cast-iron beam for cross-bending tests. 
The distance between supports was ft. The method support was 
follows: Each end the beam was provided with steel roller 
which rested the cast-iron beam the testing machine, while above 
the roller, and, directly under the beam tested, there was steel plate 
in. area and in. thick. The area was sufficiently great 
distribute the load and prevent the shearing the fibers the wood. 
The head the Riehlé machine in. wide. plate, in. thick, 
in. wide and in. long, was placed between the head the machine 
and the beam tested. 
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Failed longitudinal shear. 

The deflection was measured both sides each beam using 
silk threads stretched each side from nails driven about in. above 
the bottom the beam and directly over the rollers which formed 
the supports. From small piece wood, tacked the bottom the 
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beam its center and projecting the sides, the distance these 
threads was measured. These measurements were taken the nearest 
hundredth inch. The mean the deflections was taken the 
true deflection for any load. 

computing the various quantities shown Table the summary 
results, the load has been assumed concentrated the center 
the beam. While true that the load was spread over length 
about in., due the width the head the machine and the plate 
between and the beam tested, also true that there were irregu- 
larities, such bolt-holes and, some cases, abrasions due wear, 
that could not well taken into account. was deemed 
sufficiently accurate consider the load concentrated. Besides the 
horizontal shown the photographs, there were vertical 
bolt-holes, intervals all the beams. The latter were in. 
diameter, and every case they were sufficiently removed from the 
center the length the beam allow the maximum moment the 
reduced section relatively less than that the center the beam. 
For this reason, correction was made for these holes. The broken 
beams often showed that rupture started at, was influenced by, some 
the holes, especially the horizontal ones. 

While some the heavy oils tarry consistency remained, they 
were only found the sappy portions the long-leaf pine and 
the loblolly (Specimens and IV). Exposure semi-tropical 
climate for years had resulted the removal the more volatile 
portions the creosote oil. The penetration the oil into the sap 
wood seemed perfect, while the loblolly varied from frac- 
tion inch in. the heart wood there was very little pene- 
tration across the grain. The timber had been framed and the holes 
bored before The penetration the creosote along the 
grain from the holes was often from in. 

Circular the Forest Service, Department Agricul- 
ture, entitled “Experiments the Strength Treated Timber,” gives 
the results great many tests creosoted ties, principally loblolly 
pine, from which the following conclusions are quoted: 


“(1) high degree steaming injurious wood. The degree 
steaming which pronounced harm results will depend upon the 
quality the wood and its degree seasoning, and upon the pressure 
(temperature) steam and the duration its application. For 
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loblolly pine the limit safety certainly pounds for hours, 
pounds for hours.” [Tables and 7.] 

“(2) The presence zine chlorid will not weaken wood under 
static loading, although the indications are that the wood becomes 
brittle under impact.” [Tables and 4.] 

“(3) The presence creosote will not weaken wood itself. Since 
apparently present only the openings the cells, and does not 
get into the cell walls, its action can only retard the seasoning 
the wood.” [Tables and 6.] 
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CoMPARISONS. 


comparison the results obtained with tests made untreated 
timber interesting, and this end Tables and from Circular 
115, Forest Service, Department Agriculture, Kendrick 
Hatt, Assoc. Am. Soc. E., are quoted. The tests made the 
writer were from timber raised Louisiana and Mississippi, while 
the tests quoted were from timber raised farther north. The number 
tests was not sufficient settle questions average strength 
other qualities. will seen, however, that the treated timber 
years old compares favorably with the new untreated timber. 
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3.—LOBLOLLY TESTS BEAMS 
SEASONED UNDER DIFFERENT CONDITIONS. 


Maximum 
Minimum 
Average 


Average....... 


Average 


Minimum 


Maximum. 


Number tests. 


Condition 
seasoning. 


Air dry, months 
the open. 
dry, days. 


Air dry, months 
under shelter. 


written subscripts the figures for longitudinal shear indicate the 
number sticks failing that manner. 


Maximum..... 
Minimum...... 
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deflection 


Beam 
February 24th, 1909. 
ft.; (mean) 


DEFLECTION, INCHES. 


7.84 in. 


(mean) 15.69 in. 
tion, 0.465 in.; 975 
Maximum: Load, 38000 
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Elastic Limit: Load, 0001 
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First crack. 


R15 
Time hour. 
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000 Ib. 


rack; 900 Failed 


DEFLECTION, INCHES. 
Elastic Limit: Load, deflection, 


February 26th, 1909. 


975 
Load, deflection, ... 


Firs 
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(mean) 
7.97 in. 


Date 
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0.41 in.; 
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Date: February 20th, 1909. 
(mean) 15.81 in.; (mean) 16.41 in.; 
in. Time 47.5 min. 8.20 in. 


DEFLECTION, INCHES. DEFLECTION, INCHES. 
000 1.73 9.08 1.77 0.09 0.085 4000 1.98 0.12 1.98 0.11 0.115 
000 2.11 0.46 2.14 0.46 0.460 040 Failed. 
000 2.15 0.50 2.18 0.50 
000 2.18 0.58 2.22 0.54 0.535 
000 2.23 0.58 2.26 0.58 0.580 
000 2.27 0.62 2.80 0.62 0.620 
000 2.42 0.77 2.45 0.77 0.770 
Failed. 


Elastic Limit: Load, deflection, Elastic Limit: Load, 000 Ib.; de- 


Maximum: Load, 450 Ib.; deflection, ...... Maximum: Load, Ib.; deflection, 
E = 1 562 000 Ib. HK = 979 000 Ib. 
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(mean) 
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000 Ib. First Crack 
flection, 0.515 in. 


Date 
Maximum: Load, 
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489 000 


DEFLECTION, 


February 13th, 1909. 
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First Crack; Fai 


100 
Elastic Limit: Load, 24000 Ib.; 
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0.535 in.; 608 Ib. 
Maximum: Load. 130 deflection, 
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Beam IV. 


500 Failed. 


017 000 


DEFLECTION, INCHEs. 


(mean) 6.12 


(mean) 15.87 in. 
=7.93in. Time min. 


Ib. 


February 10th, 1909. 


flection, 0.66 in.; 090 
Maximum: Load. deflection, 


360 Ib. Cracked; 
Elastic Limit: Load, 000 de- 


Date 
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? 


15.43 in. 


mM 
RQ 


601 000 


February 16th, 1909. 


(mean) 


Date 
Ib. Crack; 425 Ib. Failed. 


Elastic Limit: Load, 000 deflection, 


Maximum: 425 deflection, ......; 
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Date: February 12th, 1909. 
ft.; (mean) 5.5 in.; 


Time min. 
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No. 


Ib. First Crack; 330 Failed. 
Elastic Limit: Load, 000 Ib.; deflection, 


000 
000 
40 000 
000 
000 
000 
000 
000 


od 
1.22 
1.26 0.04 

1.29 0.07 
0.11 
1.42 
1.45 0.28 
1.50 0.28 
1.58 0.36 
1.61 0.39 
1.66 0.44 
1.81 0.59 
1.86 0.64 
0.69 
1.96 0.74 
0.7 
2.04 
2.10 0.88 
2.16 0.94 
2.28 1.06 
1.16 
2.44 1.22 
2.66 1.44 
1.56 


Maximum: Load, 
925 Ib. 


DEFLECTION, INCHES. 
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Maximum: Load, deflection, 


000 First Crack; 000 Failed. 
Elastic Limit: Load, 20000 de- 
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Time 
687 000 ib. 


DEFLECTION, INCHES. 


(mean) 15.62 in.; 
7.81 in. 


ft.; (mean) 6.56 


Date: March 2d, 1909. 


0.62 in.; S, 4 580 Ib. 
Maximum: Load, deflection, ... 
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000 First Crack; 900 Ib., Failed. 
Elastic Limit: Load, 000 deflection, 
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THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD: 
THE BERGEN HILL 


Location.—That section the Pennsylvania Railroad’s New York 
Tunnels lying west the Hudson River designated Section “K,” 
and the tunnels are generally spoken the Bergen Hill Tunnels. 
Bergen Hill trap dike (diabase) forming the lower extension 
the Hudson River Palisades. 

There are two parallel single-track tunnels, cross-sections which 
are shown Plate the paper Charles Jacobs, Am. 
The center line tangent, and nearly the line 
32d Street, New York City, produced, its course being 50° 
The elevation the top the rail the Weehawken Shaft view 
which shown Fig. Plate the west bank the 
Hudson River, about ft. below mean high water; and the 
Western Portal, Hackensack end, the rail about ft. above; 
the grade throughout ascending from east west. The 
length each tunnel between the portals 920 ft. 

general plan and profile these tunnels shown Plate 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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Central Avenue shaft 212 ft. deep was sunk. 620 ft. from the 
Weehawken Shaft. 

contract for this work was let March 6th, 1905, 
the John Shields Construction Company; was abandoned the 
Receiver for that company January 20th, 1906, and March 20th, 
that year, was relet William Bradley, who completed the work 
December 31st, 1908. 

The progress excavation und lining the North Tunnel 
shown graphically the progress diagram, Fig. that the South 
Tunnel being practically the same. 

west from the Weehawken Shaft, the tunnels 
pass through wide fault for distance nearly 400 ft., this fault 
being continuation that which forms the valley between the 
detached mass trap and sandstone known King’s Bluff, which 
lies north the tunnels, and the main trap ridge Bergen Hill. 

The broken ground the fault, which consists decomposed sand- 
stone, shale, feldspar, calcite, interspersed with masses harder 
sandstone and baked shale, gradually merges into compact granular 
sandstone, which, distance 460 ft. from the shaft, was self- 
supporting, and did not require timbering, which, course, had been 
necessary this point. 

full face sandstone continued Station 274 60, 940 ft. 
from the shaft, where the main overlying body trap appeared the 
heading. The full face the tunnel was wholly trap about 
Station 275 30, and continued this through the Western Portal, 
where the top the trap was slightly below the roof the tunnel, 
with hardpan above. The contact between the sandstone and the 
overlying trap was very clearly defined, the angle dip being approxi- 
mately 17° 40’ toward the northwest. 

The sandstone and trap are the Triassic Period, and the trap 
this vicinity more particularly classified diabase. 

The character the trap rock varied considerably. the con- 
tact, Station 275, and for distance approximately 200 ft. west, 
corresponding thickness about ft. measured right angles 
the line the contact, very hard, fine-grained trap, almost black 
color, was found, having specific gravity 2.98, and weighing 
186 per cu. ft. The hardness this rock attested the fact 
that the average time required drill 10-ft. hole the heading, with 
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No. slugger drill, with air lb. pressure, was almost hours. 
The specific gravity this rock not high that some other 
specimens trap tested, which were much more easily drilled. This 
rock was very blocky, causing the drills bind and stick badly, and, 
when being shoveled back from the heading, fell sounded very 
much though were broken glass. 

The remainder the trap varied from this, through several 
changes texture and color, due different amounts quartz and 
feldspar, very coarse-grained rock, closely resembling granite 
light color, though quite hard. The speed drilling the normal trap 
the heading was approximately min. per ft., compared 
with the min. per ft. noted above, the larger amounts quartz 
and feldspar accounting for the greater brittleness and consequently 
the easier drilling qualities the rock. The normal trap these 
tunnels has specific gravity varying from 2.85 3.04, and weighs 
from 179 190 Ib. per cu. ft. 

The temperature the tunnels, points 1000 ft. from the 
portals both ends, remained nearly stationary, and approximately 
between 50° winter and 60° summer, the time the head- 
ings were holed through, being practically unaffected daily changes 
the temperature outside. the western end, after the connection 
with the Central Shaft headings was made, there was almost always 
current air from the portal the shaft, and ascending through 
the latter. This tended make the temperature this part the 
tunnel correspond more nearly with the outside temperature; fact, 
the variation was seldom more than Fahr. 

Timbering.—These tunnels have been excavated entirely the 
center top heading method, almost invariably used the United 
States. Timbering, where required, was the usual segmental form 
with outside lagging, shown several the photographs. 
few places was necessary hold the ground the work progressed, 
and, such crown bars were used the headings. 

There was some little trouble the Western Portal, where the top 
the rock was very near the roof the tunnel, shown Fig. 
Plate XLII. side heading was driven the level the springing 
line until point was reached where the roof was self-supporting, and 


the timbering was brought out the face the portal from that 
point. 
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‘Weehawken Shaft Scaffold car in South Tunnel at Sta. 267. 
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timbering was required, several different 
methods were used drilling and excavating the solid rock, though 
all cases center top heading was driven. The four diagrams, 
Figs. and give typical examples these methods and show, 
the order their numbers, the general tendency the development 
from small heading kept some distance ahead the bench, large 
heading with the bench kept close it. The notes each diagram 
give the general details the quantity and powder used, 
methods blasting, and the progress profile, Fig. indi- 
cated those portions the tunnels which each method was used. 

All the drills used throughout the work Mr. Bradley were Rand 
No. sluggers, with cylinders, and the steel was that known 
the “Black Diamond Brand,” octagon. was used 
10, and 12-ft. lengths; toward the end the work was proposed 
use 14-ft. lengths, but owing some delay delivery this length 
was never obtained. The starters, in. long, were sharpened 
3-in. gauge, which was generally held depths ft.; 
then the gauge gradually decreased until was in. the 
bottom 12-ft. hole. Frequently, many three four starters 
were used starting hole, and generally two sharpenings were 
required for each ft. drilled, after the first ft. estimated that 
about in. steel was used for each sharpening, and that there was 
average one sharpening for every foot drilled. 

The total quantity steel used up, lost, scrapped the whole 
work was almost exactly ft. for each cu. yd. excavated, equal 
in. steel per yard, distributed approximately follows: 


“Ajax” drill sharpener was used, and proved very satisfactory. 
Rubber and cotton hose, covered with woven marlin, was used for the 
bench in. inside diameter, 50-ft. lengths), for drills in. 
diameter, 25-ft. lengths), and for steam shovels in. diameter, 
50-ft. lengths). Hose coverings wound marlin, and woven 
marlin with spiral steel wire covering were tried, but were not satis- 
factory, owing the unwinding the marlin and the bending the 
steel covering. 
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Neat Line 


Neat Line 


Neat Line 


Neat Line 


LONGITUDINAL SECTION 


Drilling Method No.1: Small heading, ft. long. Twocolumns used 
heading, with two drills each. Drills sub-bench and main bench mounted 
tripods. 
Per Linear Foot 
of Tunnel 


Total 


Depth 
Drilled 


Per cubic yard, whole tunnel 


Blasting Notes: 


Heading: First Round: 6 sticks, 7 in each cut hole, cut generally 
blasted twice 


Second Round: side each side, sticks, each. 
Third Round: Rest ofside holes and dry holes, 5 ‘sticks, 40% each 
Stub holes, say. 


111 to 157 
Total Pounds_ 93 to 13, 


down holes35 to sticks, cnch, G06 30 to 42 


Total Sticks_ 
Total Pound 
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CROSS 


SECTION 
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LONGITUDINAL SECTION 


Drilling Method, No.2: Five drills heading, mounted three columns; 
the holes marked with )were drilled with the drills the center column 


Per Round Per Cubic Yard! Per Linear Foot Tunnel 


Total 
Depth 
Drilled 


Per cubic yard, whole tunnel section 


Blasting Notes: Number 
Sticks 
Heading: First Round; relieving holes sprung with4 sticks 
cut holes, sticks each (sometimes shot twice) 
First side round, holes, sticks each 
Widening and dry holes, holes, sticks 
Total Sticks 


Total Total Pounds 


Taking bottom, 
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eat Line 


LONGITUDINAL SECTION 


Drilling Method Heading same second method, but larger lift taken off 
bench, and lift holes drilled bottom bench order get down grade 


floor. Bench kept closer 
Per Linear Foot 
Per Round Tunnel 


Total 
Depth 
Drilled Drilled 
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2.0 » 


Blasting Notes: 


8 cut holes, 7 sticks each (sometimes shot twice)....._...__-.--~---~ esi 
First side round, holes, sticks 


Widening and dry holes, holes, sticks 
Total 


Total Pounds______ 


6 down holes, 5 to7 sticks each, 2 


Total Sticks.._._..~- 142 to 200 
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LONGITUDINAL SECTION 
CROSS-SECTION 
Drilling Method drills columns used heading. Bench 


taken off one lift. Bottom taken with lift holes 


Per Lineur 
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36 to 48 


20 to 30 


Heading :Total Sticks ----------—-~j 258 to 428 


Total Pounds - -—----- --- 215 to 357 


Foot Tunnel 
Depth 
Drilled Yards Dynamite 
Blasting Notes: Number 
All holes whole round are cleaned and loaded before blasting started Sticks 
Bench :Total 129 186 
2 Total Pounds- —------- 107 to 155 
Z Third Round ‘8 cut holes,7 sticks each,often requires 3 to 4 charges - -- 112 vo 224 
rv PLAN Fifth Round 8 holes,Second side round,5 to 7 sticks each — --------------- 40 to 56 
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The average quantity powder used the whole work was about 
2.9 lb. per cu. yd. The tables the diagrams, Figs. and 
show that the quantity actually used making the advance the 
main working faces was about 2.5 lb. The difference accounted for 
the larger percentage powder used for trimming the sides, 
breaking out the cross-passages between the tunnels, and the excava- 
tion the ditches, the latter operation not being done until the 
concrete lining was about put in. 

There was some time, too, during the earlier stages the work, 
when believed that excessive quantity powder was used; 
for one two months ran per cu. yd. 


MUCK CAR USED WEEHAWKEN SHAFT 


i 5’6 % Wrought 
_—Tron 


dynamite used was “Forcite.” first, both 40% and 60% 
were used, the 60% generally only for blasting the cut the headings; 
during the latter part the work, however, the 60% was used 
exclusively. 

The rock rule broke very well, and only comparatively small 
quantity could not handled the shovels without being broken 
further block-holing. the sandstone the quantity powder 
per cubic yard was much more than for any the trap. 

drilling the Central Shaft, 6-hole cut was made approximately 
the center line, east and west, the enlargement requiring about 
more holes, which were generally about ft. deep, the average advance 
being about ft. per day hours. 

The drills were run steam until depth about 150 ft. had 
been reached, air from the plant Hackensack being available after 
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PROGRESS PROFILES NORTH AND SOUTH TUNNELS 
SHOWING MONTHLY EXCAVATION 
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NORTH TUNNEL 
— —— >< — 


Headirgs Met 
Apr. 11,1908,7,40 A.M. 
at Sta.291 436 


Weehawken Shaft 
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that time. Four drills were used most the time, and six later when 
air was available. This work was done entirely the John Shields 
Construction Company, and depth 205 ft. was sunk months 
(from July 15th, January 15th, 1906). derrick was used 
for hoisting and lowering men and tools during the sinking, elevators 
being put later. 

the progress the work, both general and 
detailed observations were made the drilling, the results which 
are shown the tables. Table has been compiled from the records 
platted daily the chart from the inspectors’ reports, shown 
Plate XLIV, and described page 291. Table contains some data 
relating the drilling the headings. 

The general results these observations show that the average 
time the drills were “actually working” was 5.2 hours per shift, and 
that they were actually “hitting the rock” about half this time, 
about 2.5 hours per shift. The average depth drilled per hour, during 
the time the drills were “actually working,” was 2.66 ft. 


The “actual working time,” noted above, covers the period 


the time the drills were first set the heading after blasting 
until they were taken down for the next blast; does not include 
the time occupied setting taking down, which would probably 
average min. more believed that this figure will 
also apply very closely drills working the bench, though actual 
observations were taken determine this, account the irregu- 
larity with which they were worked. 

The actual working time the drills the 736 shifts (7360 
hours) covered Table was 3826 hours, 5.2 hours per shift. 
The average depth drilled per yard, shown the last column 
Table agrees fairly well with the figures the diagrams, Figs. 
and 

Table has been compiled from detailed timed observations 
individual drilling down holes the bench, for periods 
hours each, January, 1907. The work that time was fairly 
normal condition all points. 

The figures the third column Table include the time 
required for moving from one hole another, when this occurred 
during the observation, the time required for changing bits, oiling 
drills, ete., and all delays all kinds. close record the delays was 
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PLATE XLIV. 
PAPERS, AM. SOC. 
FEBRUARY, 1910. 
LAVIS 
BERGEN HILL TUNNELS: PENNSYLVANIA RAILROAD. 


Monday Tuesday Wednesday Thursday Friday Saturday 


DRILLERS 


WEEHAWKEN 


| NO. OF ORILLERS 
MUCKERS 
CusIC YAROS 
SHOVEL 


NO. OF DRILLE as 
MUCKERS 


NO. OF ORILLERS 
MUCKERS 
CuBIC YARDS 


z 


NO. OF DRILLERS 
“ MYCKERS 


a 
MUCKERS 


HACKENSACK 


NO. OF DRILLERS 
MUCKERS 


YARDS 
SHOVEL 


RECORD DRILLING, AIR PRESSURE, MUCKING, ETC. 


May 
Sunday 
CUBIC YARDS 42! 97 a| 43 54, 48 33 21 39| 98 
; SS => = 
— 
SHOVEL | 
Air 
24 Holes 24 Holes 27 Holes 
58 S NN NW 


Papers.] TUNNELS: BERGEN HILL TUNNELS 273 


kept, and was considered that, the hours, min., Table 
the unnecessary delays amounted hours, min., about 
per cent. 


TABLE 
Method. Date. Place hours drilled led 


Aug. °06 Hackensack, 5.69 2.78 10.1 
4-drill Sept. 6.18 2.65 8.7 
Dec. °06 4.95 2.16 4.52 
Dec. °06 Hackensack, 5.08 2.2 
Dec. °06 5.90 5.67 
TABLE 
Hours. Minutes. 


Average: 36.6 min. per ft. drilled, 1.64 ft. drilled per hour. 


check the average figures obtained from various sources, 
the following estimate the cost drilling per cubic yard was made 
from these average figures, for comparison with the actual average 
cost the whole work. The cost records show this about $2.25 
per yd., exclusive power for running the drills, almost exactly what 
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the following estimates give for theoretical average conditions, although 
effort was made have this latter compare closely. 


Estimated Cost per Drill per Day. 


Average number feet drilled per cubic 
Number feet drilled per drill, per 


Cost drilling, per yard, ——— $2. 


all the foregoing tables and computations, the quantities used 
have been those paid for. The quantity taken out, however, has been 
10% more than that paid for, and 28% more than the contractor was 
actually required take out. 

The specifications required that the excavation should taken 
entirely outside the neat line, shown Plate XXXII the 
paper Mr. Jacobs, but not necessarily beyond this line, but that 
the contractor would paid for rock out the standard section line, 
which ft. larger the sides and top and in. deeper the bottom 
than the neat line. 

great deal the extra quantity was due rock falling from 
the core-wall side whenever one working face was behind the other. 
Blasting the face behind generally loosened more less rock 
the core-wall side the tunnel which was ahead, one two in- 
stances breaking entirely through, shown Fig. Plate XLVII, 
the hole the core-wall this case being utilized building 
storage chamber it. 
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Table gives some the statistics drilling the Simplon 
Tunnel, compared with the drilling this work, the figures for the 


Simplon being taken from papers read before the Institution Civil 
Engineers Great Britain. 


TABLE 


Bergen Hill.| 


total elapsed time 
percentage total elapsed time 


Linear feet drilled per hour, per 
Linear feet drilled per cubic yard 

Pounds dynamite cubic yard. 

Average depth drilled with one sharpening 
Total number men per day hours*.... 


*On Bergen Hill Tunnels, for two full working faces the Hackensack end, about 000 
ft. from portal (March, 1908). Simplon, two full faces and two headings, distance 
about ft. from portal 1900). These both include lining well 
excavation. The lining the Bergen Hill Tunnels progressed about twice fast the 


excavation; inferred that the Simplon progressed about the same rate the 


the Italian end, Antigoric gneiss, which stated very bard rock. 


The figures Table are for “heading only” both cases, ex- 
cept for the last item (number men), the heading the Simplon 
Tunnels being about sq. ft., compared with the heading 
Method (which has been used for comparison), 210 sq. ft. 

Mucking and conditions affecting the disposal 
the muck, after blasting, were quite different the two ends, the 
grade descending the direction the loads Weehawken and 
ascending the Hackensack end. the Weehawken end the mouth 
the tunnels was the bottom shaft some ft. deep, Fig. 
Plate XLIII, the muck the tunnel cars being hoisted elevators 
platform the top from which was dumped into standard- 
gauge cars supplied the Erie Railroad, shown Fig. later 
hauled the crusher storage pile, some 500 ft. distant, the 
north side Baldwin Avenue. the western end, the cars were 
hauled directly the surface through the approach cut, and the 
material, except that required for concrete and rock packing, was 
deposited the embankment across the Hackensack Meadows, haul 
from 1000 ft. beyond the portal. 

All disposal tracks were 3-ft. gauge, the main running tracks 


being generally laid with second-hand rails, although some 
lighter weight were used. 


Drills set heading, 50% 60% 
Actually drilling the 25% 50% 
Average advance per round 8.8 ft. 
Average time for each hours. 
cae 
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Except for about 1000 ft. each tunnel the Weehawken end, 
where the muck was loaded hand, four steam shovels, operated 
compressed air, were used, one each working face. One these was 
“Marion, Model No. 20,” weighing tons, the others were “Vulcan 
Little Giant,” about tons each. All these shovels were stand- 
ard-gauge track, and were moved back from 300 500 ft. from the 
working face during blasting. 

Weehawken, previous the time the shovels were installed, 
the muck was shoveled hand into the cars from the bottom the 
bench, and the heading muck was dumped into them from the mov- 
able platform (Jumbo) shown Fig. Plate XLIII. There were 
three loading tracks the face. The cars used that time were 


METHOD EMPTYING DUMP CARS WEEHAWKEN SHAFT 


Wrought Iron 


Standard-Gauge 


Flat Car 


126 (varies) 


FRONT VIEW 


SIDE VIEW 


similar that shown Fig. but were about two-thirds the size 
and had end door; stop-planks were supposed placed the 
ends but seldom were. The loads averaged about cu. yd. (measured 
place). After the shovel was installed the cars shown Fig. 
were used, and the loads averaged nearly cu. yd. 

The empty cars were pushed the shovel hand from the 
storage track. When loaded, they were given start with the bucket 
the shovel, and were then allowed coast gravity out the 
storage track near the shaft, where they were stopped placing rolls 
cement bags burlap the rails. After the lining was started, 
the loaded cars were stopped the inside the lining and only 
sent out over the single track through this latter stated intervals, 
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when several cars followed close succession, with long interval 
which permitted the concrete brought in. The empty cars were 
hauled back the storage track near the working face mules, 
one mule usually hauling two cars time. 

the time the trap rock was reached, about 1100 ft. from the 
shaft, the excavated material was disposed loading flat 
All the trap, however, was stored used later for concrete 
and ballast. 

When the tunnels were full working order, sixty muck cars the 
type shown Fig. were use, about evenly divided between the 
two tunnels. For some time the work was greatly hampered lack 
cars, and even with the sixty finally obtained, there were many 
times when extra cars could have been used advantage keep 
the shovel working. 

When mucking hand, the mucking gangs consisted from 
men. The maximum output was cu. yd., and averaged about 
cu. yd. per shift; there was great deal trouble keeping the 
gangs full, labor that time was very scarce, and the tunnels 
were quite wet. The maximum output either the shovels was 
159 cu. yd. one shift, and the best average any month—which 
was between July and December, 1907, during which time only the 
enlargement and bench the Central Shaft headings was being 
taken out from the western end—was cu. yd. per shift. the 
shovels were generally idle for one shift out three, the quantity 
actually handled averaged cu. yd. per shift during the shifts the 
shovel worked. All these quantities were “measured place,” and, 
previously noted, would about equal twice much measured 
loose the 

The shovels both ends were usually worked with three crews 
for the two tunnels; two day crews, one each shovel, and night 
crew which was used either tunnel required. The day 
crews generally averaged from hours overtime during the 
month, one them working during the early part the evenings 
the opposite tunnel the night crew. For short time, when 
the ventilation the western end was very bad, four crews were 
worked, day and night crews each tunnel; but, general rule, 
the method working three crews was preferred the men, and 
was less expensive for the contractor. 
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the Hackensack end, 4-yd., Allison, one-way, dump cars were 
used, being handled dinky locomotives, which there were three 
use October, 1907, and four after that. One 15-ton Porter 
engine, with 16-in. cylinders, was used outside the tunnels for 
handling the trains (from cars) the dumps and the 
crusher; the other three, 12-ton Vulcans, 14-in., were used 
the tunnels. About dump cars were use, and these there 
were generally from under repair. 

Generally, cars were hauled out together, although and oc- 
casionally were handled. The work was generally arranged 
that the heavy mucking shift alternated the two tunnels, the two 
engines being worked there and single engine the other tunnel. 

The tunnel engines left the cars track just outside the portal, 
from which they were made into trains from cars and 
taken the dump crusher the large dinky. 

The muck from the Central Shaft headings was loaded hand 
into cars similar that shown Fig. but smaller and having 
door the forward end. double elevator took the cars plat- 
form about ft. above the surface, where they were dumped 
revolving platforms, similar those Weehawken, into storage 
bins directly into wagons. The muck was all hauled away 
wagons; part was used fill some vacant lots, and part was 
hauled the crusher the Western Portal. 

The method under which the best results were obtained was that 
which full round was blasted every hours, securing advance 
practically ft. full section. During the first shift the three, 
soon the blasting had been completed and lights strung, the 
shovel was moved forward, and cleaned the floor the main pile 
muck, the material from the blast being scattered from 150 300 
ft. back from the face; during this shift, also, the drillers mucked 
the heading and set their drills, the muckers helping carry 
the columns and drills. During the second shift the main pile 
muck was disposed of, leaving not more than hours’ work for 
the shovel the third shift. This left nearly the whole the third 
shift for drilling the lift holes. 

Ventilation—At Weehawken considerable difficulty was caused 
fog and smoke accumulating the tunnels after blasting. This was 
generally worse days when the barometric pressure was low out- 
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side, and worse the North than the South Tunnel. 6-ft. 
fan, driven electric motor, was installed the cross-passage 
Station 274, 900 ft. from the shaft, the headings that time being 
about 300 ft. advance this point, force the air from the 
South into the North Tunnel, drawing the mouth the 
South and discharging the mouth the North Tunnel, 
thus insuring circulation both tunnels, shown plan 
Fig. 

This necessitated, course, that the cross-passages between that 
which the fan was placed and the mouths the tunnels should 
blocked tight. There was.some difficulty keeping this blocking tight, 
owing the force the blasting blowing out the bulkheads. The 
fan, however, did good service when and the bulkheads were 
good order. The compressed air discharged from the drills kept the 
headings fairly clear, well that part the tunnel between the 
headings and the fan. The fan was moved ahead the next cross- 


Yl Y Yy 


North 


Shaft 
ath 


passage Station 277 when the work had progressed far enough, and 
was used there for some time; was found, however, that the 
time the excavation had reached Station 280, about 1500 ft. from the 
shaft, there was practically further difficulty from fog and smoke. 
satisfactory explanation was found for this, would rather 
expected that the ventilation and trouble with smoke and fumes 
from blasting would worse the distance increased between the 
mouth the tunnel and the working face. One explanation was of- 
fered: That the blasting the softer sandstone tended create 
more and lighter dust than the heavier trap rock; whether not 
this was so, fact that there was far less trouble with fog and 
smoke after the sandstone was passed. 

Hackensack, the principal cause trouble was the smoke 
from the “dinky” locomotives. the tunnels progressed, this grad- 
ually became worse, until connection was made with the Central 
Shaft headings. fan was installed the cross-passage 
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316 (700 ft. from the portal), but was never worked properly. 
Apparently, the men, least the walking bosses and foremen, had 
little faith the fan means ventilation; real attempt 
was made keep order operate properly, and great deal 
time and money was lost groping around the smoke and fog, the 
density which increased, not only with the state the atmosphere, 
but also with the direction the wind. some days the tunnels 
easily cleared themselves, and others the smoke was thick that 
held arm’s length could not seen. this end, the 
South Tunnel was generally worse than the North. After the head- 


ings were holed through between the portal and the Central 


there was very little trouble, there being usually strong up-draft 
through the shaft. This was pronounced when the wind was blow- 
ing toward the portal, that the moisture-laden air, ascended from 
the mouth the shaft, presented the appearance heavy rainstorm 
with the rain ascending instead descending. When the wind -was 
blowing away from the portal, that is, from the southeast, the effect 
the shaft chimney was neutralized, and, consequently, the 
smoke accumulated the tunnels. overcome this, large blower, 
with fan ft. diameter, and with blades ft. wide and ft. 
in. long, operated vertical 12-h.p. engine, was installed the 
top the shaft, and this kept the tunnels reasonably clear smoke 
all times. After the bench and enlargement had passed the bot- 
tom the shaft, the use the fan was abandoned, was found 
that the tunnels cleared themselves fairly well, probably owing 
the larger cross-section reaching all the way the Shaft. What 
little fog and smoke there might did not cause enough trouble 
warrant the cost running the fan, which, owing its location, 
required the whole time mechanic attendance day and night. 

the earlier stages the work, gasoline lamps 
and Kitson lights were used. The former, the familiar banjo type, 
and modification this, with section wrought-iron pipe for the 
reservoir, were very unsatisfactory, and were out repair and leak- 
ing large proportion the time. The Kitson lights were given 
only short trial, but were found unsatisfactory, owing the neces- 
sity moving them frequently and having set them in- 
secure positions. lights were installed Mr. Bradley, 
his assumption the contract. 
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The number lamps maintained each the tunnels for the 
excavation was approximately follows: 


the main working face........... 
Between the portal and the working 


The cost lighting for the whole work averaged about cents 
per cu. yd., which quite large. This was mainly due the fact 
that current was bought from outside sources during large part 
the time (one-third the yardage). Part this current cost 
cents per kw.-hr., and there were fairly heavy charges for connect- 
ing the tunnel wiring system with the source supply. Current 
bought from the Public Service Corporation cost from cents 
per kw.-hr. delivered the mouth the tunnel. 

Pumping.—The quantity water encountered during the excava- 
tion the tunnels, measured somewhat roughly, was approximately 
follows: 


The water the Weehawken end had pumped from the 
bottom the shaft, lift about ft., while the Hackensack 
end had pumped back from the face grade the portal. 

The cost pumping was about $100 $125 per month for labor 
for the whole work, besides the cost the plant (about $1200) and the 
power for running it. 


The total time elapsed from the time starting work the Wee- 
hawken end, May, 1905, the completion the excavation, 
May, 1908, was almost exactly three years. this time about days 
were lost February and March, 1906, when work was stopped 
the Receiver the Shields Company, the total number days act- 
ually worked being about 940, giving average progress 6.26 ft. per 
working day each the two tunnels, which, omitting the Central 
Shaft headings, gives average rate progress for each working 
face, 3.13 ft. per day. 
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These 940 days include practically all the time elapsed, except 
Sundays and such few holidays were observed. For some this 
time, work was being carried only one two points; the time, 
therefore, represents practically the total possible working time dur- 
ing the period covered. 


Progress Weehawken.—At Weehawken the total number days 
worked was 763, divided follows: 


186 days timbered section, about 426 ft., average rate 2.3 ft. 
per day each tunnel; 

176 days hard sandstone, about 563 ft., average rate 3.2 ft. 
per day each tunnel; 

112 days hard trap, about 267 ft., average rate 2.4 ft. per 
day each tunnel; 

289 days ordinary trap, about 1316 ft., average rate 4.55 ft. 
per day each tunnel. 
Progress Central Shaft—At Central Shaft the average length 

driven per day each the four headings shown Table 


TABLE 
Total length Average length 

Location. heading, heading driven per 

feet. day worked, feet. 
227 446 1.96 
168 346 2.06 
234 698 2.98 


Progress Hackensack.—At Hackensack the total number days 
worked the tunnels proper, all trap rock (omitting the cut and 
cover) was about 792, divided shown Table 


TABLE 
Number Average 
Location. days Advance. advance 
worked. per day. 
Station 323 Central Shaft headings............... 492 450 
Central Shaft headings headings... 141 620 4.4 


Actual advance. linear feet full section tunnel. 
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The best month’s work each location was follows, the actual 
yardage excavated and paid for being reduced equivalent linear feet 
full The tunnels were generally taken out full 
section, except for small amount left the bottom, which lat- 
ter reduced the equivalent linear feet full section about 95% 
the actual advance the face. 


Weehawken.— 


Feet 

feet. day. 

Full timbered section, North Tunnel. .Nov., 1905, 
Sandstone 1906, 109 3.9 


Hackensack (All trap).— 


Feet 
near 

feet. 
Portal Central Shaft headings, South Tunnel. .May, 1907, 5.0 


*Enlargement headings, 1907, 175 6.0 
Central Shaft Weehawken headings, 
North Tunnel ........... 1908, 145 


Central Shaft Headings—During April, 1907, 122 lin. ft. head- 
ing, averaging 3.8 cu. yd. ft., were taken out the South 
Tunnel, west the shaft. This was equal 5.0 ft. per day for the 
days worked. 

The Best Week’s Work.—The best week’s work either the 
main working faces, when the full section was being excavated 
trap rock, was 803 cu. yd., equal 41.8 lin. ft. full-section tunnel, 
average 6.0 lin. ft. full section per day; this was from the 
South Tunnel Hackensack for the week ending January 11th, 
1908. 

The Best largest number yards taken out any 
one week from one working face was 1087, equivalent 56.6 lin. 
ft. full section, average 8.1 lin. ft. full section per day. 
This was bench and enlargement only (Central Shaft headings) the 
North Tunnel, Hackensack, for the week ending October 19th, 1907. 

The largest yardage for the whole work any one week was 238 


cu. yd. from four working faces—two Weehawken full section and 


The actual advance the bench this month was 202 lin. ft. 
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two the Hackensack bench and enlargement (Central Shaft head- 
ings). This was equivalent 168.4 lin. ft. full-section tunnel, 
average ft. per day from each working face. 

The Best Month’s Work.—The best month’s work with each the 
four methods drilling the headings, shown Figs. and 
where the work was straight forward and the full section was being 
taken out, was follows: 


Method No. 1................About ft. sandstone. 


s 


regard these figures should noted, stated previously, 
that the organization the men and plant was not properly completed 
until near the time Method No. was put operation. 

Fig. shown graphically the relation the progress the 
time elapsed the North Tunnel, the diagram for the South Tunnel 
being almost exactly the same. 


The plant installed the John Shields Construction Company, 
and taken over Mr. Bradley, was composed very largely second- 
hand material, and eventually most had replaced. Insuf- 
ficient and inefficient plant and delay installation were largely re- 
sponsible for the small progress made the Shields Company, and 
Mr. Bradley’s endeavor utilize this plant not only caused much 
delay during the first months after started work, but also 
involved large expense. 

Power Weehawken the plant installed the Shields 
Company consisted three old locomotive boilers, each having 
nominal capacity about 125 h.p., and one Rand and one Ingersoll- 
Sergeant compressor, each rated capacity about 1250 cu. ft. 
free air per min. compressed 100 

this Mr. Bradley added two more second-hand locomotive boil- 
ers, and another Rand compressor the same type and capacity the 
first. The theoretical steam capacity each the five old locomo- 


tive boilers was about 4250 lb. per hour, total capacity 21250 
lb. per hour. 
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Theoretically, the demand this steam was: 


per hour. 
Three compressors, about 600 per hour each............ 16800 


One hoisting engine for elevators 


Actually, there was considerable deficiency steam when en- 
deavor was made work the three compressors their full capacity. 
separate boiler was afterward installed run the hoisting engine 
for the elevators and the pumps, thus leaving requirement only ap- 
proximately 000 lb. steam per hour, but even this was beyond 
the capacity the boilers, especially one was almost always out 
commissien. 

The two Rand compressors were 30-in., straight-line, 
one-stage, steam-driven, with nominal capacity 1250 cu. ft. 
free air per min. rev. per min. The Ingersoll-Sergeant was 
similar type and Therefore, the theoretical quantity availa- 
ble was cu. ft. free air per min. 


The theoretical air requirements (as taken from manufacturers’ 
catalogues) were: 


Cubic feet 
free air 
per minute. 


Little Giant shovels (taking air two-thirds the time).... 


eee eee eee eee eee ee eee ee 


This estimate, based the assumption (given the 
logues) that the drills would working about three-fifths the time, 
and the shovels about two-thirds the time, left apparently ample 
margin between the full capacity the compressors and the require- 
ments for the drills; matter fact, however, was seldom that 
more than air was available, and the pressure often dropped 
the compressors. During the time this plant was 
use the greatest distance the drills was about 1500 ft. 

this plant proved entirely inadequate the demands, 
arrangement was made with the O’Rourke Construction Company 
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August 17th, 1906, whereby they agreed supplement the air sup- 
ply 1000 cu. ft. free air per min. 100 pressure. This ar- 
rangement was not altogether satisfactory, and finally (on December 
5th, 1906) arrangement was made with the same company sup- 
ply air 4000 cu. ft. free air per min. 100 and the old 
plant was shut down. 

The new plant had been use previously the construction 
the River Tunnels. The air from was compressed low- 
pressure machines, one being used all the time and two when neces- 
sary. These machines were built the Ingersoll-Sergeant Company, 
the engines being the Corliss duplex type, cross-compound steam, 
with simple duplex air cylinders, each compressor having capacity 
nearly 4000 cu. ft. free air per min. This air, lb., was 
delivered Ingersoll-Sergeant high-pressure machine, having Cor- 
liss cross-compound engines, 36-in., with air cylinders 
the piston inlet type, 13} 36-in., which compressed 100 lb. The 
capacity this latter machine, taking air normal pressure, 920 
cu. ft. free air per min. working rev. per min.; taking the 
air and working somewhat higher speed, this machine 
alone supplied all the air used the Weehawken end (approximately 
4000 ft.) from December, 1906, November, 1907, and, with very few 
exceptions, the pressure was steadily maintained from 100 
there being break-down any kind. 

Hackensack the plant taken over Mr. Bradley consisted 
six old locomotive boilers and four Rand compressors, all the same 
type those Weehawken. this added two second-hand ma- 
rine boilers, each stated capacity about 350 h.p., and two more 
Rand compressors the same type and capacity the others, making 
the total theoretical steam power available approximately 1450 
with compressor capacity approximately 7500 cu. ft. free air 
per min., equal about 1500 h.p., allowing for 15% loss. 

Nowhere near the theoretical steam power was ever developed from 
the boilers. The tubes the old locomotive boilers were filled with 
mud many cases, and were always leaking. The marine boilers were 
not properly installed give the best results, and was seldom possi- 
ble work more than four compressors once, keep the air 


pressure the power-house much greater than from any 
time. 


7 
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This plant had been built the Shields Company the meadows 
alongside the Erie and New York, Susquehanna and Western 
roads, and the foundations were not made sufficiently strong resist 
the effect the vibration caused the passing trains. was im- 
possible keep the steam connections tight, and there was not only 


the loss steam due leaky joints, but positive danger one 
the main steam lines breaking entirely. 


After attempting operate 
this plant for nearly months, Mr. Bradley determined abandon 
the site and the boilers, and build new plant, farther back from the 
railroad, solid ground, such position that spur track could 
built coal trestle front the boilers. 

Two pairs Stirling boilers, with total capacity 2000 h.p., 
were installed. rule, times maximum demand, three the 
boilers were use; after the Central Shaft was stopped, two were 
generally sufficient, until, toward the latter part the excavation, the 
losses the transmission the air made necessary keep three 
going. 

Eight compressors (the six old ones with two brought from Wee- 
hawken), were installed the new power-house. All were the 
same type, namely, Rand, straight-line, steam-driven, 30- 
in., each with nominal capacity 1250 cu. ft. free air per min. 
Seven these were generally worked their full capacity order 
keep the necessary supply air. 

The maximum requirements air this end were primarily esti- 
mated follows: 

Central Shaft, four headings................ drills. 
two working faces............... drills. 


Cubic feet 


free air 

per minute. 
Slugger drills (25 174) require............ 350 
Pumps and machine-shop, 000 


Hoisting engines, placing concrete.......... 000 
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The theoretical capacity the whole eight compressors was: 
1250 cu. ft. free air per min. 


was considered that not more than two-thirds the above equip- 
ment would working the same time; the actual requirement, 
therefore, was taken about 8000 cu. ft. free air per min., thus 
leaving margin one spare compressor. 

actually worked out, there were probably never more than 
eight drills working any one time the Central Shaft, and this 
work was entirely suspended June, 1907, before there was any de- 
mand for power connection with the tunnel lining. The heaviest 
actual requirement, therefore, was approximately follows: 


(A) Previous June 25th, 1907: 


Cubic feet 

free air 

per minute. 
Pumps and machine-shop, say.............. 1000 


(B) After November, 1907 (after completion enlargement 
Central Shaft headings) 


Cubic feet 

free air 

per minute. 


Hoisting engines concrete, each working 
Derricks 


The average number drillers per shift was about the two 
main working faces. There were also from drills trimming 
and cleaning for concrete, say average making all. 

After November actually required three boilers under 
steam all the time, and not less than seven compressors running 
full capacity, keep the air proper pressure, the theoretical capac- 
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ity the compressors being cu. ft. free air per min., 
against 7000 ft., the theoretical maximum requirement. 

Some this deficiency was due losses transmission, part also 
was due the fact that the actual was probably considerably below 
the theoretical capacity the compressors. 


ACCIDENTS. 


Two accidents occurred the powder magazines, the causes 
which were never absolutely determined. The first occurred Jan- 
uary 10th, 1907, when the dynamite burned without exploding. 
The second accident was March 3d, 1907, when explosion oc- 
curred which damaged property over very large area, but did not 
involve any serious injury persons, only one man being slightly hurt. 

The only serious blasting accident the tunnels occurred Jan- 
uary 26th, 1908, and was due premature blast, the cause for 
which could not ascertained. 

Contractor’s work was general charge 
superintendent, and, during the time was being carried 
both ends, assistant superintendent had charge night. each 
end there was day and night walking boss, who had general super- 
vision the men the tunnels, the day walking boss being the 
superior, and responsible for the general conduct the work his 
end, both day and night. Two 10-hour shifts were worked, thirteen 
shifts every two weeks, work being done alternate Sundays and 
Sunday nights. With the exception the walking bosses and the 
master mechanic, all the men changed from the day the night 
shift every two weeks. 


The organization was approximately follows, for each shift: 
General—Both Tunnels. 
Master (days only), Walking boss, 


Machinist, Locomotive engine runners, 
Engine runner, Brakemen, 

Firemen, Switchman, 

Oilers, Foreman dump, 

Electrician and helper, Men dump, 

Drill machinist and helper, Foreman track, 

Blacksmiths and helpers, Men track. 


Powderman, 
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Each Tunnel. 


Drilling and Blasting. Mucking. 
Foreman, Shovel engineer, 
Drillers, Cranesman, 
Helpers, Muck boss, 
Nipper, Muckers. 


Pipe-fitter. 


The records the work have been based largely the reports 
the day and night inspectors, which were made out regular forms. 

daily report card was made out each morning and forwarded 
the office the chief engineer. covered the work done for the 
previous hours, o’clock each morning. 

telephone report was made the resident engineer the in- 
spectors each day 8.30 M., giving the conditions, number men, 
the opening the day’s work. 

daily progress profile, the inch cross-section paper, 
covering the whole length the tunnels, was kept the office the 
resident engineer. This was mounted sections, piece com- 
position board, and hung the wall for convenient reference. The 
information, showing the progress o’clock each morning, was 
shown the report the night inspector, and was plotted this 
profile o’clock each morning. The plotting was left pencil, 
and each month’s work was colored in. progress profile was taken 
the men the alignment corps each Saturday morning and 
them, alternate weeks being red and blue ink the same profile. 

chart showing the number drills working, time worked, blast- 
ing periods, ete. (Plate XLIV), was plotted each morning and was 
extremely useful, not only keeping touch with the 
compiling many the statistics used the preparation this 
paper. These cross-section sheets were ruled the inch, 
thus giving one space per hour horizontally. the top vertical space 
are shown the heading drills, their time stopping and starting, and 
their number, each heavy line representing one drill. the next 
space below are shown the drills the bench, lift holes, ete. 

The blasting time shown the portion hatched (shown red 
the original), which covers the whole vertical space when com- 
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plete round both heading and bench blasted, and only part, top 
bottom, the case might be, only one the other. The number 
drillers and muckers the main working face shown, and below 
that (in red ink the original) the number yards handled 
each shift. The time the shovel working shown the heavy line 
filling whole space; and the air pressure, platted from the record- 
ing gauge charts, shown the space below. 

combination daily and weekly report, showing the total number 
men working each section, and the number cubic yards exca- 
vated, was entered every day and kept filing board the office 
the resident engineer, and copy was sent the main office the 
end the week, with such notes the back might necessary, 
interest. 

report was made out weekly and sent the contractor’s super- 
intendent, showing any deviations from grade, any tight places, and 
the station bench and headings. 

monthly report was made the chief engineer, giving detailed 
the amount work done, plant installed, and short 
notes any matter interest affecting the work any way. 


TuNNEL LINING. 


Preliminary the placing the concrete lin- 
ing, sub-contract was given Messrs. King, Rice and Ganey, 
Mr. Bradley, which provided substantially that all materials should 
supplied him, and delivered the sub-contractors track level, 
near the point the tunnel which they were placed, 
and that would supply light and power; the sub-contractors were 
supply the plant, forms, and labor necessary for placing the con- 
crete and water-proofing, building the conduit lines, manholes, 
ete., complete the lining, the general form which shown 
Plate XXXII the paper Mr. Jacobs, and Fig. 10. The 
also shows the different sections into which the lining was divided 
for purposes construction, and the nomenclature adopted for each. 
may noted, incidentally, that the contents the lining 
per linear foot tunnel almost exactly half the quantity exca- 
vated, out the standard section lines, and there was some excava- 
tion outside these lines, all which had replaced, the actual 
quantity material which had brought back into the tunnel 
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was quite little more than half the quantity taken out. will 
evident, therefore, that the question transportation was im- 
portant one. 

essential part the agreement with the sub-contractors pro- 
vided that the operations incident the placing the lining should 
carried provide all times space for single track 
3-ft. gauge, running through the work, and the necessary clearance 


SKETCH SHOWING DIVISION LINING, 

FOR PURPOSES CONSTRUCTION, AND NAMES SECTIONS 
10. 

for the locomotives and used hauling out the muck. clear- 
ance diagram one the dinkys used the tunnels, and its rela- 
tion the forms used, shown Fig. and also Fig. 16, the 
4-yd. Allison used for handling the muck, taking practically the 
same width, although they were not quite high. This requirement 
and the limited space available must kept mind considering 
the design finally adopted for the forms and plant required placing 


Packing 

\\ 
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the lining. should also kept mind that, with the rolling stock 
used, there was only room for single track through that part the 
tunnel where any concrete had been built. the concrete progressed, 
therefore, the length single track was necessarily lengthened, and 
the problem transportation was made increasingly difficult. 

working out design for the bench-wall forms, another highly 
important and controlling factor, which had considered, was the 
arrangement the conduit lines, shown the general cross-section.* 

The quantities the various materials the lining, per linear 
foot tunnel, were follows: 


Rock packing: Paid for ..... yd. 

Outside standard section line 1.74 

3.22 “ 

Tron and steel ........ 44.2 


General Methods.—The lining was started both ends the tun- 
nels before the headings were finally holed through, that there was 
practically separate organization each end, each charge 
one the members the firm. The work the Weehawken end 
was started first, and the plant and scheme working adopted there 
was thoroughly tried out before the plant for the western end was 
built, consequently, the latter was somewhat more efficient, being 
designed the light the experience gained the Weehawken end. 

The general sequence the plan first adopted placing the con- 
crete shown Fig. The concrete was first placed the founda- 
tions the elevation the bottom the conduit bines, this 
work, course, being kept well advance; next followed. the order 
named, the sand-walls, water-proofing, conduits, bench-walls, and finally 
the arch. The foundation was built any convenient lengths, mul- 
tiples ft., the length one section form, the sand-walls 
lengths from ft., the bench-walls 25-ft. lengths, and the 
arch 10-ft. lengths. Concrete was placed during the day shift only, 


Plate XXXII the paper Mr. Jacobs. 
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the forms being moved partly night, and partly the alternate 
days when concrete was not being placed them. 

Five gangs were organized each end, the first placed con- 
crete the foundations both tunnels, the excavation was ready. 
each tunnel there was gang which built sand-wall one day and 
bench-wall the next, the two tunnels alternating that only one bench- 
wall was built each day, and finally gang each tunnel building 
arches, 10-ft. section being completed each day. During the night 
shift, the arch forms and travelers were moved, and all othe: forms, 
ete., were made ready for the concrete placed the following day. 
Some the conduit laying was done the night shift, but part 
was necessarily done during the day, the concrete was built up. 
small gang was kept busy both tunnels, during the day shift, 
laying conduits and water-proofing. The latter two operations were 
generally performed the same gang. 

This organization, course, required considerable regularity 
‘the work, and this was finally attained, but the beginning many 
sections were often not finished time, thus creating considerable 
confusion. The progress possible with this organization (finally main- 
tained with great regularity) was ft. bench-wall and ft. 
arch per week each the two working faces each tunnel. 
This allowed the bench-wall gain considerably the arch, and 
therefore suitable point, shown the progress diagram, Fig. 
third pair arches was started, one each tunnel, increasing 
the progress the arches 180 ft. per week each tunnel. 

and Transportation.—All the concrete used this section 
was mixed Hains mixers, one being each end. the Wee- 
hawken shaft the mixer was installed the framework supporting 
the head-house and elevators; and storage bins were arranged above, 
shown Fig. 11, the whole structure being somewhat strength- 
ened allow this done. the western end the mixer was 
placed immediately under the bins the stone crusher, shown 
Fig. 11, the track below being connected directly with the tunnels. 
The stone bin under the screen the crusher plant the Hacken- 
sack end was divided into three parts, the center being filled with sand 
derrick having bucket, the other two with stone 
directly from the screen above. 

This type mixer proved very efficient this work. The largest 
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number full batches (0.8 cu. yd.) mixed one plant per hour was 
about 35; the largest number per day hours was about 240; but 
the apparatus was never its full capacity, the quantity 
concrete which was possible use being limited other considerations. 

The concrete for the foundations was hauled steel, V-shaped, 
dumping cars holding about cu. yd., and the concrete for the bench- 
walls and arches Stuebner, 1-yd., bottom-dumping buckets placed 
small flat cars, shown Fig. Plate XLV. Rock packing was 
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handled Allison 4-yd. and also the cars shown Fig. 
well the Stuebner buckets, the latter, however, being most 
generally used. Mules were used for short time the Weehawken 
end haul the concrete in, but proved entirely inadequate haul the 
loaded cars the 1.3% grade, and locomotives were substituted after 
the headings were holed through. the western end the cars were 
allowed coast in, and, the time the headings were holed 
through, were hauled back mules; after that they were pushed out 
locomotive which had gone ahead them. rule, from 
cars concrete and rock packing were sent in, one after 
the other, proper order, boy riding each car and stopping 
the proper place; all these cars were pushed out together when empty. 
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During the time the excavation was being carried simultane- 
ously with the lining the Weehawken end, the rock packing was 
loaded the working face and sent out the point where was 
used; after that the rock packing was sent from outside from 
the reserve pile the north side Baldwin Avenue. 

the western end the larger part the rock packing was sent 
from outside, but occasionally, during the time the excavation was 
going on, the cars from the heading were stopped convenient points, 
generally under the gantries, where the lining was being placed, and 
whatever stone could utilized was sorted from the top-and passed 
the platforms above. 

After the headings were holed through, there was considerable dif- 
ficulty times getting sufficient supply concrete and rock 
packing into the tunnel the time was required, and while un- 
doubtedly the transportation facilities may have had some influence 
this, the principal trouble lay the difficulty securing 
cient supply proper stone for rock packing, and for the crusher. 

While the excavation was progressing, the cars muck, they 
came from the headings, were taken directly the crusher and dumped 
into it, the proportion fine material being fairly constant and the 
supply regular. this time, also, portion the rock not required 
the crusher was dumped along the edge the bank the south 
side the approach, the larger stones rolling the bottom where they 
were easily available loaded into for rock packing, being 
entirely free from the fine material; this stone the bottom 
the bank was used up, the supply was renewed, the rock suitable for 
rock packing being automatically separated from the fine material 
rolled the foot the slope. 

After the excavation was completed, however, was necessary 
into the bulk the storage piles get material for the crusher 
and for rock packing, and then the difficulties were materially in- 
creased the large quantity fine material encountered, the pro- 
portion remaining after the rock packing had been sorted out being 
too large send through the crusher. was not only the 
over this fine material which caused delay, but the difficulty 
disposing it. rainy days the trouble was increased the dif- 
ficulty getting men work the open. 

The delays due transportation were usually caused derail- 
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ments, which were more numerous than they should have been, and 
were due the condition the rolling stock rather than that the 
truck. These delays, especially when they occurred the early part 
the day, greatly increased the cost, necessitating over-time work; 
delay hour the forenoon generally meant hours’ work 
after o’clock finish the day’s work. 

average number cars handled (round trips car) dur- 
ing day (two 10-hour shifts) the Hackensack end during January, 
1908, when the excavation and lining were full swing, was about 
125 muck and 200 cars lining material, the former 
hauled locomotives and the latter mules. 

Methods Handling Concrete the Tunnels.—The concrete for 
the floor, ditches, and foundations, was brought into the tunnel 
V-shaped steel, dumping cars, and dumped near possible the 
place was occupy. 

The concrete for the arches and bench-walls was loaded the 
mixers into Stuebner, bottom-dumping buckets which just held 
4-bag batch. These buckets were placed small flat cars, hauled 
into the tunnel, placed beneath the traveling gantry, shown 
Fig. Plate XLV, and hoisted the platform above. 

These traveling gantries, the details which are shown Fig. 
12, consisted essentially platforms each end which A-frame 
was erected; the latter supported their apexes two L-beams, from 
the lower flanges which was suspended traveling block, shown 
Fig. 12, and through which the hoisting rope was rigged. The 
buckets were hoisted through opening the platform and then 
moved along where they could dumped. The platforms were 
supported wheels traveling rails laid the the 
foundation (for the bench-wall gantries) top the bench-wall 
(for the arch gantries). 

Each the first two these traveling gantries used was equipped 
with belt conveyor working cantilever arm, shown Figs. 
Plate XLII, and Figs. and Plate XLV. using these 
belt conveyors, the concrete was dumped from the Stuebner bucket 
into hopper, Fig. Plate XLV, with adjustable slot the 
bottom, under which the belt ran. 

was the original intention, designing the conveyor, that the 
end the cantilever arm should swung from one side the tun- 
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nel the other, and that the traveler should moved backward 
forward, might required, and thus deliver the concrete from 
the end the belt directly over the place which was de- 
posited the bench-walls. matter fact, was found imprac- 
tical operation move the gantry readily, owing its great 
weight, which was supported only four ordinary car wheels and 
their bearings, and was found more convenient leave the arm 
one position near the center, letting the concrete drop the plat- 
form above the bench- sand-wall forms, whence could shoveled 
into place, than attempt move had been intended. Both 
these difficulties might possibly have been overcome modifications 
the design the gantry and conveyor, had this method handling 
the concrete seemed otherwise desirable. 

The principal difficulty with its use, however, was the inability 
take care more than one batch concrete time. When one 
had been dumped into the hopper, second could not dis- 
posed until the first had nearly all run through the belt, and this 
took from min., varying with the consistency the concrete, 
few instances, where there happened some fairly dry 
batches, the concrete could not started through the slot all, and 
had shoveled out the hopper. On-the other hand, stated 
that some batches, under favorable conditions, passed through 
about min., but this was quite exceptional, and the operation was 
irregular and uncertain. 

Before the final method handling the concrete was adopted, 
trial was made two forms cars and buckets, used the 
top platform, shown Figs. and and Plate XLV. the 
method shown Fig. Plate XLV, the concrete was hoisted the 
regular Stuebner buckets, one which can seen suspended the 
background this photograph, and dumped into the car shown, which 
was mounted that could revolved horizontal plane. 
was intended move this car the tracks the point which 
the concrete was required, and dump directly through chute into 
the bench-walls. This car was abandoned, there was great deal 
difficulty turning when was loaded, and several instances 
had dumped straight ahead the middle the platform and 
the concrete shoveled into the forms. This method was also objection- 
able when the bucket was dumped, inasmuch the force the impact 
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whole batch concrete dumped from such height into the 
forms, not only tended throw the conduits out line, and 
break them, but also caused considerable strain the forms. 

The bucket shown Fig. Plate XLV, was next tried. had 
slanting bottom and door opening the side. was filled the 
mixer, came into the tunnel small flat car, and was hoisted and 
placed similar car This bucket was not successful, 
its great weight made difficult handle, and generally re- 
quired man shovel the concrete out, which latter, course, had 
been pretty well compacted the bottom the bucket its trip 
from the mixer. All these cars were hauled backward and forward 
the top platform rope running the winch the hoisting engine 
the traveling gantry. 

Aside from the fact that neither type was success, neither these 
schemes was much improvement over the belt, inasmuch only one 
batch could handled time, owing the necessity using the 
engine haul the cars back and forth the platform. The final so- 
lution was found the use the traveling gantry, shown Fig. 
and Fig. Plate XLVII, the latter being one the arch gantries. 
The gantry used for the bench- and sand-walls was supported 
framed bents wheels running rails laid the foundation; that 
for the arch was the same, except that the high-framed bent was dis- 
pensed with, the side-sills resting directly the journals wheels 
traveling rails top the finished bench-wall. 

These gantries were used only means hoisting the buckets and 
moving them along where they could dumped directly the 
platform, whence the concrete was shoveled into wheel-barrows, which 
could dumped directly into the bench-walls; or, the case the 
arches, shoveled from the platform the gantry the intermediate 
platform the arch ribs, and thence directly into the arch. This 
use wheel-barrows, though apparently somewhat crude method and 
retrogression from the use the belt conveyor, proved very suc- 
cessful, and really involved more labor than did the conveyors, al- 
though this might not have been the case had these latter worked 
they originally designed to. 

The method finally adopted allowed many four buckets 
dumped the platform one end the arch one time, 
and eight one end that used for the bench-walls, the workmen 
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handling about three these latter into the forms the time the 
last the eight was dumped. required about min. place car 
under the gantry, hoist the bucket, dump, close it, and return 
the car below. 

Rock packing was stored the other end the platform, for use 
required, when was not handled directly from the end nearest the 
work. This method allowed the concrete and other materials 
brought trains infrequent intervals, and provided sufficient 
supply material hand that the men handling top could 
kept steadily work. 

Each hoisting engine these gantries had 10-in. cylinders, and 


double drum; some them were Lamberts and some Mundys, ope- 
rated compressed air. 


Ditches, Floor and Foundations.—The first method building the 


foundation was that shown Fig. attempt was then made 
build the ditch, floor, the intention being leave these until the 
completion the remainder the lining. building the bench-wall 
this foundation, however, was found difficult secure the bottom 
the forms properly (Fig. Plate XLVI), prevent any 
give, the material under the track was not solid enough brace 
against. was decided, therefore, build the whole the ditch 
(see Fig. 13, that the bottom the forms could braced 
against the solid concrete. the beginning the work, the face 
the bench-wall was built the level the bottom the conduits 
with the foundation; if, therefore, placing the concrete above this 
level, extreme care were not taken get tight fit between the bench- 
wall form and the lower face, and then hold rigidly place, the re- 
sult was rather unsightly horizontal joint high enough plainly 
visible. The position this joint seen Plate XLVI, 
which shows the first section bench-wall built. Several subsequent 
sections showed overhang akove this joint, amounting one two 
much in., due the fact that the bench-wall form 
moved did not fit tightly. This defect was obviated building the 
foundations with offset the face, shown Fig. 13; that the 
joint came the level the top the flagging over the ditches, and 
therefore was almost entirely concealed; the same time this al- 
lowed sufficient surface, the plane the face the bench-wall, 
against which the bench-wall forms could braced and lined up. 
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The ditch forms were set very carefully line and grade the 
alignment corps, this formed the starting point all the rest 
the work, the only other thing which was necessary was give 
level the front end the bench-wall form, after was set, for 
the elevation the top the bench, and check the stations 
the ends the sections occasionally see that they were the 
even 25-ft. points (that +08, +58, and +83). 

After short length had been built with the ditches only, was 
thought desirable try and put the floor well, that the 
whole the concrete would put place the lining advanced, and 
leave less cleaning done over the end single track, the 
restricted spaces between the bench-walls. Fig. 13, shows the method 
finally adopted. this may seen the three stages which was 
put in, the details the ditch forms being shown Fig. 13, 

that part the tunnel where sand-walls were built, hollow 
tile drain was built into the foundation, shown Fig. 13, and 
along the foot the water-proofing and connected intervals with 
the drains 4-in. cast-iron When the sand-walls and water- 
proofing were not built, however, the concrete the foundations was 
sloped from the neat line back the rock, shown Fig. 13, 
that any water found its way down through the rock packing, 
its tendency would flow back against the rock, follow the 
low part this cast-iron pipes leading the side 
ditches, rather than find its way through the joint between the 
foundation and the bench-wall and into the lower duct lines. 

Sand-Walls.—The sand-wall forms first used are shown Fig. 
Plate XLV, with section the finished sand-wall. this work 
was only intended give comparatively smooth surface against 
which place the water-proofing, particular care was taken with 
the surface, except avoid sharp projections which might cut through 
the felt and pitch used for this purpose. rather porous concrete 
(with all the rock which could safely embedded and have the 
wall stand) was used, that would not act dam, but rather 
tend allow the water find its way the bottom the tunnel, and 
into the drains. 

The traveling gantry for placing the concrete the sand-walls, 
first designed, with the belt conveyor, could course only deliver the 
concrete one end. Before setting the forms for new section, 
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was necessary, therefore, move the gantry ahead, before the cross- 
bracing between the tops the forms, which also held the top plat- 
form, could placed position. Fig. Plate XLV, shows the end 
the conveyor over the top the cross-braces. order hold the bot- 
tom these forms, small wooden blocks were embedded the foun- 
dation concrete, against which they could wedged, shown Fig. 
13, these blocks were cut out after the sand-wall had been built. 

After the forms had been filled, the conveyor could not moved 
back the bench-wall until the had set sufficiently that 
these cross-braces could removed, and, account the overhang 
the top, the set had fairly good order prevent this over- 
hang from breaking off. This arrangement, therefore, for placing 
the was found impractical, the proposed schedule 
section bench-wall and section sand-wall built al- 
ternate days, was carried out. few instances, where the 
sand-wall was finished fairly early the afternoon, the forms were 
released next morning, and the conveyor was moved back, but, even 
then, hours least were lost the beginning the shift. 
The conveyor, however, was abandoned, for the reasons previously 
given, and the traveling gantry was rearranged allow concrete 
delivered either end; was then only necessary move back- 
ward and forward between the bench- and sand-wall forms instead 
through these forms. This permitted the construction the much 
more substantial type forms shown Fig. 14. 

After being moved ahead the track top the foundation, 
the form was first blocked grade, and then adjusted line 
the screws and slotted cleats shown Fig. 14, after which was 
secured the braces from the ditches, shown. The face lagging 
was placed separate pieces and held against the uprights lightly 
nailing every third fourth piece; the whole was removed each time 
the form was moved, and built again the concrete was placed. 

Considerable care was taken slope the top the sand-wall back 
toward the rock, shown Fig. 14, and drainage along 
the top (which ran parallel the grade the tunnel) the 4-in. 
cast-iron drain pipes which carried the water from the rock packing 
above the arch the drains beneath the track. 

Sand-walls were built for length about 1100 ft. each tunnel 
the Weehawken end, and about 700 ft. each tunnel the western 
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end, the remainder the work, with the exception few short 
stretches, not being considered wet enough require water-proofing. 

Conduits—The arrangement the conduit lines shown the 
general cross-section.* the core-wall side there are lines for 
telegraph and telephone cables, built 4-way multiple conduit, each 
piece which ft. long and about in. square outside. the 
other side there are the high- and low-tension lines, built single 
conduit in. long and little more than in. square outside. Man- 
holes splicing chambers are built every 400 ft., and are about ft. 
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long and ft. wide. General views the conduits built are shown 
Fig. Plate XLVI, which shows all the lines one tunnel, and 
Fig. Plate XLVI, which shows the telegraph and telephone 
lines, with the expanding mandrels used laying them. 

attempting plan the work placing the lining, two methods 
building the bench-wall were considered. One was build the 
wall longitudinal sections, each section separated line ducts; 
and the other was attempt build the wall the manner 
for the specifications, which required the concrete carried 
layers the conduits were laid. this latter method, was 
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proposed bond the concrete together with the forked bonds, the 
details which are shown Fig. 15, but, might have been 
impractical use these the wall had been built sections, provi- 
sion was made the contract place expanded metal, shown 
Fig. 15, this was thought advisable. The method construction 
the wall had been built sections, shown graphically 

The form and details the expanding mandrel which was finally 
designed meet the conditions, and proved satisfactory every 
way, are shown Fig. 15, The mandrel consisted two triangular 
pieces hard pine, separated wedges attached one piece which 
fitted into slots the other; these, when expanded, practically filled 
the whole the inside the ducts. One these mandrels was placed 
each line single ducts and two each 4-way duct, placed diago- 
nally, shown Fig. Plate XLVI. This required mandrels 
each working point, 240 for the whole work. The mandrels were 
ft. long, that they easily covered the whole 25-ft. section, 
projected sufficiently far back into the previously finished work 
assure the continuity the alignment, and allowed the ends 
racked out the forward end secure proper breaks between the 
joints. 

laying the single conduits, rule, the (collapsed) mandrels 
were pulled ahead from the previous section each line was laid, 
and the conduits were strung until the whole length was com- 
pleted; the conduits were then pushed tight together, close 
the joints tightly possible, and then the mandrel was expanded. 
The conduits were thus held firmly position, and the forward end 
the line was lifted slightly that the wraps could placed around 
the joints. The 4-way conduits were generally laid the ordinary 
way, except that laying mandrel was necessary. One dowel was 
used between each the pieces conduit, the center, and the 
joints were wrapped. When line was finished, two mandrels were 
placed diagonally each line and expanded simultaneously, that 
any inequalities the ducts themselves were divided far possible. 
connection with the use these mandrels, one the points which 
was most carefully watched was that they projected back into the 
last completed section, thus insuring the continuity the alignment. 

was originally intended wrap the joints the 4-way ducts 
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only, but was found impractical keep the grout from the 
wet concrete entirely out the single ducts, and, after short trial, 
was decided wrap these also. The expanding mandrel kept out 
great deal the cement, and, the sections laid without wraps, the 
only difficulty from this cause seemed that slight film grout, 
from in. thick, was deposited-on the bottom the inside 
the ducts some places, and although this was not considered serious 
defect, was thought that the slight extra cost placing the wraps 
would undoubtedly justified the practically perfect results ob- 
tained using them. 

Considerable attention was given breaking the joints the 
ducts properly, maintain throughout the conduit lines the 
greatest break possible. The joints each superimposed line were 
broken half the length the individual pieces conduit, the joints 
lines the same horizontal plane being broken one-quarter the 
length, thus preventing any joints from touching one another either 
the sides corners, which tended prevent burn-out one line 
from being communicated another. There was some little difficulty 
first maintaining the breaks, owing slight variations the lengths 
the conduit, but after very short time both the workmen and the 
inspectors became very expert this and the proper use short 
lengths maintain the spacing; after the first few weeks there was 
little any attaining all times almost perfect re- 
sults. method making the breaks shown 
graphs and the isometric sketch Fig. 15. 

All the conduits used this work were furnished the Great 
Eastern Clay Company, and were made its factory South River, 
J., where they were inspected before shipment. 

The mandrel used the final rodding was made shown 
Fig. 15, the larger size being used for all lines. The rods for pushing 
through the conduit lines were made lengths ordinary 
wrought-iron pipe with extra long (3-in.) couplings. The lines 
were rodded both directions from alternate manholes, thus avoiding 


uncoupling the rods and allowing every pull effective pushing 
the mandrel through the ducts. 


Wooden rods were used first, but proved entirely too light, the 
mandrels used were close fit, and required considerable effort push 
them through 400 ft. conduit. 


pipe with ordinary couplings 
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was next tried, but the couplings broke quite often the threads be- 
came worn uncoupling the sections move the rods from one line 
another, and the break was generally inside duct line. The long 
couplings were finally adopted, and set rods was put each line, 
that is, six sets all, that when coupled they remained the 
line until was finished. The expense the extra quantity pipe 
thus required was more than offset the decreased labor cost. 

was thought necessary first run cutter, Fig. 15, through 
the conduits ahead the final rodding mandrel, but this was soon 
found unnecessary except very few instances, and, after 
short experience, the cutter was only used places where obstruc- 
tion was encountered the mandrel. 

such the pipe became uncoupled inside the duct line, 
the part remaining inside was recovered the use the tool shown 
Fig. 15, called “weasel.” two instances, the mandrel be- 
came stuck such manner that the duct line had cut into 
order take out. 

The best day’s work the rodding gang foreman and men) 
was 20400 duct ft. the 4-way conduit the telegraph and tele- 
phone line, and 19200 duct ft. single conduit the low-tension 
line, average day’s work under ordinary conditions being about 
10000 duct ft. The cost, including labor, material, and all tools, 
for rodding for the whole work was slightly less than 0.2 cent per 
duct ft. The average cost the single conduit was about 0.25 cents 
per ft., and the 4-way, 0.15 cents per ft. About 10% the conduit 
lines were rodded twice, owing partial sections having been rodded 
before completion. The best continuous work rodding was 
done between October 22d and 29th, 1908, when working days, 
105 600 duct ft. were rodded, average little more than 
ft. per day. 

original design for the tunnels provided for the 
construction brick arch above point 22° above the springing 
line, that is, the part above the side-walls (Fig. 10). was thought de- 
sirable, therefore, designing the bench-wall forms, provide for 
placing the concrete the side-walls and bench-walls one opera- 
tion. These forms, first designed, are shown Fig. Plate 
XLVI, and the details Fig. 16, and A’; they were built steel, 
the facing plates being in. thick, pieces ft. in. wide, and 
length about in. more than the height the bench-wall. 


j 
| 
. 


BERGEN HILL TUNNELS 311 


Papers.] PENNSYLVANIA TUNNELS 


This part of form removed 
after short trial 


4210x38) 


Adjusting 
Bee Detail B 2210\Floorin 


pleted 


pte 


of Dinky in 
relation tothe 


nd of Chin 


LONGITUDINAL SECTION AND ELEVATION STEEL FORM 
USED AT WEEHAWKEN END 


CROSS-SECTION OF STEEL FORM . 
A 7 Channel 
Runway for 
Wheel-barrows 


* 
SIDE ELEVATION 
dumped from the USED THE CONSTRUCTION 
g clear the side: 
pine tongued THE BENCH WALLS 
Plate 
SCREW-JACKS FOR ADJUSTING FORM LINE 
SECTION C-D CROSS-SECTION PART LONGITUDINAL SECTION 

SHOWING CONNECTION OF FACE * DETAILS OF WOODEN FORMS USED AT WESTERN END 

PLATES TO I-BEAM UPRIGHTS D 

16. 


id 
1 
= 
2s 


312 PENNSYLVANIA TUNNELS: BERGEN HILL TUNNELS [Papers. 


The design was controlled very largely the necessity provid- 
ing the requisite clearance for the locomotives and muck cars, and the 
principal feature was the support the forms two trusses, one 
either side, the front ends which were supported from the founda- 
tion long leg, shown Fig. Plate XLVI, and the rear ends 
directly the journal-boxes wheels traveling rail the top 
the finished bench, shown Fig. Plate XLVI. 

Although had been decided substitute concrete for brick 
the arch before any the lining was actually placed, two sets 
forms for the Weehawken end had already been ordered and de- 
livered, was decided use them designed, and place the 
side-wall with the bench. 

The forms were designed that 30-ft. lengths could built, and 
this was done the start, but owing the occurrence the refuge 
niches, ladders, ete., 25-ft. intervals, was soon seen that would 
advisable build the bench-wall sections that length (25 ft.), 
multiples it, and the clearance conditions seemed preclude 
the possibility making the forms ft. long, ft. was adopted. 
This permitted the removal one the panels, ft. in. wide, and 
the same time was decided remove the side-wall forms. This 
decreased the load the trusses considerably, but being still trifle 
weak, they were strengthened the substitution truss rods 
instead the rods used originally. The top platform and the 
cross-bracing were also stiffened little and tightened prevent 
racking. 

The construction the side-walls conjunction with the bench- 
wall was abandoned for three reasons: First, was found that there 
would much more even distribution the work including the 
side-wall with the arch rather than with the bench; second, there was 
difficulty getting good finish for the top the bench-wall, 
course top form for the latter had placed prevent the 
from squeezing when the side-wall was built above it, which 
prevented troweling; the third reason was the weakness the whole 
form designed, and the increasing difficulty adjusting 
line the work progressed, the principal difficulty being with the 
curved side-wall forms. 

The bench-wall forms were set position, after they had been 
moved ahead, first blocking the bottom against the face the 


7 
q 
q 
4 
| 
a 
| 
| 


Papers.] TUNNELS! BERGEN HILL TUNNELS 313 


foundation, shown Fig. 13. previously noted, this foundation 
face had been built very carefully line. The back end the form, 
course, was blocked tightly against the end the previously fin- 
ished section, and the top was made plumb the adjusting screw- 
jacks shown Fig. 16, first these screws were 3-in., but they 
were afterward changed 1}-in. The only points which was nec- 
essary for the alignment corps give setting these forms was 
grade each the front ends for the top the finished bench. 

The steel face forms both tunnels gave excellent results, far 
smoothness finish was concerned, but, owing the impervious- 
ness the steel, small air holes were formed the surface, though 
not sufficient numbers size cause trouble disfigure the 
work any way. 

The design the bench-wall forms used the western end, where 
this differs from the steel form, shown Fig. 16, principal 
features which they differed from those used the Weehawken 
end was the substitution 24-in. tongued and grooved hard pine 
for the face. This timber was the very best quality obtainable, each 
piece being especially selected and nearly clear and free from knots 
other defects was possible get it. The edges each piece 
were planed the back insure tight joint the face, and 
all joints were shellacked. These forms were used, without renewal 
the face timber and with only two planings, for length 500 ft., 
100 separate sections, and gave good satisfaction. 

order obtain surface which the face lagging could 
fastened, wooden uprights were used and were reinforced either 
side light channels bolted together through the timber, place 
the I-beams used the steel forms. The lagging was nailed these 
uprights 6-in. wire nails driven through the top edges each 
piece was placed position, thus leaving the surface entirely clear 
and free from any marks nail holes, and condition for planing 
when this necessary. Runways for wheeling the concrete were 
built one either side over the bench-walls instead having center 
platform with chutes, was used Weehawken. 

When the original lagging had become too much worn for further 
use, was resurfaced with strips 24-in., clear, tongued and 
grooved, hard pine, placed vertically, which did fairly well and lasted 
the end (about 1000 ft.), although was not altogether satis- 
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factory, and the last eight ten sections built had rubbed 
down with wooden float order obtain suitable finish. 

designing the forms for all exposed surfaces the tunnels, 
was the desire the contractors obtain directly from them 
surface which would satifactory the engineers without further 
finishing than the patching minor defects. this they were gen- 
erally quite successful, and excellent results were obtained, shown 
the view the finished tunnel, Fig. Plate XLVIII. The surface 
the bench-walls was obtained solely spading the face with flat 
spade the work progressed. after treatment was resorted to, 
except for the few sections where the forms became worn. The top 
the bench-wall was finished with float about hours after the 
concrete was placed. 

When the work was well organized, bench-wall was built each 
end each day, one day the North Tunnel, and the following day 
the South. During the time sand-walls were being built, sand- 
wall and bench-wall were built alternate days each tunnel, care 
being taken that when bench-wall was being built one tunnel, 
the sand-wall was being built the other, this being necessary 
order equalize the work the night gang and the conduit layers 
well the transportation. 

The conduit layers the day shift, two three men and fore- 
man, required about hours the forenoon and hour the after- 
noon lay their portion the conduits, and usually finished this 
work other times during the shift they were utilized 
those points where rock packing was heaviest, and when the 
packing was brought the large cars, shown Fig. Plate 
these unload that the track could cleared 
soon possible. When water-proofing was done, the number 
men this gang was increased, enable them that 
work also. 

gang four rough carpenters and foreman was employed 
the day shift; they moved and set the bench-wall forms sand- 
wall forms, the case might be, and moved the traveling gantry into 
position. This was done the afternoon, and required about hours. 
They also took out, cleaned, repaired, and set all ditch forms, all pas- 
senger forms, circuit-breaker forms, and did all other repair work. 
The ladder forms, the refuge-niche forms, and overhead conductor 
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pocket forms were attended one man, who set, removed, cleaned, 
and repaired them. The carpenters the night shift set the arch 
centers and gantries, also the manhole forms when needed. The con- 
duit layers the night shift laid half the 4-way conduits (3-high) 
and one-third the single ducts (4-high). This one gang laid the 
conduits two sections bench-wall each night, that is, one section 
Weehawken and the other the western end. 

concreting the bench-walls, the concrete was first placed the 
side containing the single conduit until reached the top the 
four tiers laid, then the concrete gang was turned over the side 
with the 4-way conduits while four more tiers single conduits 
were laid, the work thus progressing, the conduits being laid one side 
while concrete was placed the other. the side the 4-way 
conduits the concrete was built two layers while that the 
side the single ducts was built three; the interval between the 
different layers was not sufficiently long prevent complete bond 
being obtained, and there were only one two instances where there 
was any mark the face indicate break. 

After the work had been progress some time, was found 
quite feasible build all the 4-way conduits night and half 
the single conduits, that is, ducts high, the mandrels proved amply 
sufficient hold them place; fact, had been necessary, the 
writer has doubt that all the ducts might have been laid and held 
place with very little extra precaution, the use the expand- 
ing mandrels, described under the head conduit laying. 
V-shaped joint about in. deep was made between each section bench- 
wall that the expansion cracks would follow this joint rather than 
show irregularly the face. These joints divided the face into the 
even 25-ft. panels, and were very effectual concealing what few 
cracks there were. 

After the construction the sand-walls was discontinued, the space 
behind the bench-walls, between the neat line and the rock, was 
filled with rock packing, which was generally built, part way 
least, dry wall ahead the construction the bench-wall, 
was put place simultaneously with the concrete, care being taken 
keep free possible for the drainage any water there 
might be. Toward the latter part the work, owing the difficulty 
getting sufficient rock packing during the day, rough back form 
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for the bench-wall was built the neat line, places where the section 
was all large, and the space was filled with rock afterward, generally 

the sections where water-proofing was required, where sand- 
wall was built, the rock was taken out for ft. outside the neat line, 
the excavation was not already that far out (at the expense the 
contractors, who preferred this rather than build the sand- 
walls for the short sections required), that there would sufficient 
room for placing the water-proofing the back the bench-walls, 
shown Fig. 18, The water-proofing these sections was left 
until just before the arch was built, and after being placed was 
protected single row brick laid edge before the rock packing 
was filled in. 

Arches.—The centering used for the arches shown very clearly 
Fig. Plate XLVI, which view the back end the first 
section built Weehawken. this part the tunnel, the lower part 
the arch, about ft. above the bench-wall, was built first, pre- 
viously referred to, but the centers, will seen, were built 
that they could used for the whole the arch. The forward bulk- 
head, and the shoveling platform section being built, are shown 

The front bulkheads used were made nine sections, bolted 
24-in. angle bent the radius the arch, shown Fig. 
Plate XLVII, and fitting the end the lagging; when set they 
were braced partly against the rock the roof and partly against 
the gantry. After the ribs and part the lagging had been set 
the night gang for fresh section arch, the braces holding the 
bulkheads were knocked out, the placed during the day hav- 
ing set sufficiently this time; the whole the bulkhead was then 
easily moved ahead, sliding along the lagging the forward end, 
and made ready for the next day’s work. The middle section the 
top was taken out temporarily, facilitate working the sides, until 
was needed. 

The traveling gantry used handling the for the arch 
shown Fig. Plate XLVII, which also shows the form for the cir- 
cuit-breaker chamber, and rock packing the track beneath. 

The arches were built 10-ft. sections, the ribs being spaced ft. 
apart, the end ribs each section supporting the end the lagging 
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two adjoining sections. Five sets lagging and ten ribs were 
used each place where the arch was being built, thus giving each 
section practically days’ set before removing the centers. Probably 
the greater part the work the centers could have been removed 
from hours after the concrete had been placed, but days 
was considered the least time which would certainly safe all 
times, and the contractors thought that the very slight additional 
expense involved leaving the centers days was more than war- 
ranted the additional feeling security. 

The lagging was made from 6-in. clear, hard pine, ft. long, 
dressed about in. thickness, about in. width, and the 
sides radial lines. was placed, every third fourth piece 
was lightly nailed the ribs; when the latter were released and taken 
down, the nails pulled out, and the lagging was left place until 
one piece was pried out, allowing the others fall. light A-fame, 
about ft. long, spanning the bench-walls, was placed below, or- 
der break the fall and allow the lagging slide the top the 
bench-walls rather than fall the track beneath. 

Cross-passages between the two tunnels were built every 300 ft., 
There were two circuit-breaker chambers, one Station 286 und the 
other Station 310. Steel doors are provided that all the openings 
between the two tunnels can closed. Station 294+24, the core- 
wall broke through for length about ft., and instead filling 
this in, storage chamber ft. long and ft. wide, inside, was 
built there, the form for which shown Plate XLVII. 
This photograph, well Fig. Plate XLVII, form for circuit- 
breaker chamber, shows the method setting the steel doors the 
forms, that they were built into the concrete instead being 
fastened with expansion bolts afterward, thus showing 
fit and much neater job. 

During construction the arches each tunnel were kept even 
with each other, that when the cross-passages were reached, they, 
and the sections arch which they joined, could completed one 
operation. 

the methods used this work, one section arch was easily 
built shift, that the construction each section was 
easily secured, and concrete, wet was possible handle with 
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shovels, could used for all except the last ft. the top, thus 
getting structure which was nearly impervious possible under 
the circumstances. 

The gangs placing the arches were paid over-time when they 
were required work after o’clock finish their section, which was 
generally only necessary when the quantity rock packing placed 
was very large. they finished their section before o’clock, how- 
ever, they were allowed quit when this was done, and were given 
full day’s pay. The difference time, when there was any, was 
usually due the greater less quantity rock packing, the ex- 
cavation varied from the standard section line. 

building the arches, the night gang set the two ribs (one the 
center and one the forward end the section built), placed 
the lagging the sides, ft. high, built the shoveling platform 
the horizontal cross-braces the ribs, and placed the traveling 
gantry position for use. The forward end the gantry (that is, 
the end farthest from the arch being built), shown Fig. Plate 
was loaded with rock packing used required. the 
concrete was brought into the tunnel was hoisted and dumped 
the end the gantry next the arch, and shoveled from there the 
platform the ribs and from there into place. The rock packing 
brought during the day was dumped the front back end the 
gantry, was most convenient, and handled into the work the in- 
tervals between batches concrete. The concrete and rock packing, 
with the back-lagging and water-proofing, where these were used, were 
placed simultaneously, nearly so, and brought the sides to- 
gether until the key was reached; the latter was then worked from 
the back toward the front. The key was usually made about ft. wide, 
the lagging for this width was made ft. long and put two sec- 
tions. was found more convenient have the key this 
width than narrower. 

The method used making the closures where two sections the 
arch came together shown Fig. 17. 

already pointed out, the original design for 
the lining these tunnels provided for brick arch. was intended 
cover this arch with water-proofing, this latter extending over the 
whole the roof and down the sides far the bottom the con- 
duit lines. The water-proofing was placed against the sand- 
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walls the sides, the top the side walls, Figs. and 14. 
Over the arch, after being placed, was protected armor 
course brick, laid flat, the space between the brick and the excava- 
tion, which was required not less than in. (and, matter 
fact, was actually great deal more), being filled with rock packing. 
Besides filling the space, this latter was designed allow any water 
from the roof the tunnel find its way easily the top the 


CROSS-SECTION OF TUNNEL ; LONGITUDINAL SECTION-OF TUNNE 
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PLAN PLUNGER 
BOTTOM BOX SKETCH SHOWING METHOD 


MAKING ARCH CLOSURE 


END VIEW 


END VIEW OF PLUNGER 
JACK FULLY EXTENDED 


sand-wall, from there being carried through the 4-in. cast-iron pipes, 
shown Plate the side ditches the floor the tunnel. 

All the water-proofing placed these tunnels was felt and pitch, 
six-ply felt and seven layers pitch. The felt was required 
Hydrex, equal quality, and the pitch, “Straight run coal-tar 
pitch which will soften 60° Fahr., grade which the 
oils will have specific gravity 1.05.” 


ah 
addition tests the above qualities, the pitch was analyzed 
the paper Mr. Jacobs. 
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determine the amount free carbon contained, and was not ac- 
cepted this fell below per cent. 

was considered quite important that there should absolutely 
free drainage the outer side the lining, that there would 
chance for any acquire head. More than three- 
quarters the length these tunnels below the level mean high 
water, and while was hardly expected that there would any direct 
connection between the water the Hudson River and the ground- 
water the section penetrated, was thought wise provide ample 
drainage. 

Before the lining was started, however, the excavation had pro- 
gressed sufficiently show that the tunnels, while very wet places, 
and varying from that quite damp, would be, the whole, much 
dryer than had been anticipated. was then decided substitute 
for the brick the arch and omit the water-proofing over 
the top, except places where water came into the tunnels suf- 
ficiently large quantities form practically continuous stream. 
Three general types construction for the arch were decided on, 
shown Fig. 18. The first, shown was used where the 
tunnel was quite dry. this type, the sand-wall was omitted entirely, 
and the concrete and rock packing were built together, the rock 
packing impinging certain extent the concrete, and the concrete 
squeezing somewhat into the rock packing, shown Fig. Plate 
XLVI. The section shown was used where the tunnels were 
damp, where there were slight droppers not forming continuous 
stream. The back lagging, 1-in. boards, which was left place, 
provided practically smooth outer surface the concrete arch, and 
allowing the concrete and rock packing built almost simul- 
taneously. was considered that the free drainage through the rock 
packing, the surface the boards, and the smooth outer surface 
the concrete the arch would allow the comparatively small quantity 
water these parts the tunnel find its way the sides, and 
thence the ditches the bottom, rather than percolate through 
the and this proved very generally the case, shown 
the dry condition the tunnel built. The back lagging was 
used over the arch, both where the sand-wall was built and where 
was omitted, well being placed over the water-proofing the arch 
armor course where water-proofing was required. Where the sand- 
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DETAILS OF WATER-PROOFING 

One layer of felt with 4“overlap to 

nailed lagging inch boards, 
=") using tin washers on nails over the 
. | whole of the intrados of the arch 
F before starting any concrete or plac- 
ing any of the permanent felt and 

pitch water-proofing. The water- 
proofing over the arch canbe laid 
in mats of three thicknesses of felt 
properly jo.ned together with pitch 

: made as shown diagrammatically at 

om ” 

Each of these mats of three-ply 
felt will be overlapped half the width 
of the mat, as shown diagrammati - 
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walls were built and water-proofed, and where the water-proofing was 
not carried over the arch, the water-proofing was turned the top, 
shown Fig. 18. 

The third method provided for water-proofing the whole the 
arch, and was the same except for the addition the water- 
proofing inside the back lagging. placing this water-proofing, the 
felt was cut strips about ft. long (about ft. longer than the 
length section arch), and six thicknesses were cemented to- 
gether with hot pitch. These mats were then laid shingle-fashion, 
shown Fig. 18, the sides the arch until space about ft. 
wide remained the crown; shorter mats were then brought out 
over this, laying them perpendicular the axis the tunnel. Care 
was taken making all laps, irrespective the direction which 
the arch was built, that they would lay with the grade, that is, 
that the water would tend flow over the edges the laps rather 
than against them. 

Most the wet sections the tunnel were the ends, where 
sand-walls had been built for the purpose providing smooth sur- 
face against which the water-proofing was placed; there were 
several wet places isolated points the tunnels, however, and, 
order avoid building sand-walls these points, the method shown 
Fig. 18, was adopted. This involved slightly larger excavation, 
ft. outside the neat line, the height the top the bench, 
where there was not already that much room. The bench-wall was 
built with back form the neat line, the water-proofing was placed 
shown, protected armor course brick, and then continued 
over the arch when this latter was built. The excavation and refilling 
with rock packing were done the contractor’s expense, which 
was willing assume rather than build these short sections sand- 
wall. 

The method water-proofing that part the timbered section 
which was very wet, shown Fig. 18, and Fig. Plate 
and Plate lagging 1-in. boards was nailed 
the sides and the soffit the segmental timbering, all the 
spaces outside this lagging being carefully filled with rock pack- 
ing. Before starting any concrete work, single thickness water- 
proofing felt was nailed the inner side the lagging, which not 
only served protect the finished surfaces the concrete from the 
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water which fell copiously from the roof, but also provided com- 
paratively dry surface which the regular six-ply water-proofing 
could cemented with pitch and held position, while the concrete 
was placed against it. 

placing the water-proofing this section the sides, the strips 
of. felt were placed vertically, nailed the top the wall-plate, 
support their weight, and lapped and cemented with pitch the sides 
the sand-walls, except that there was trouble from the over- 
hang. After the bench-wall had been built, the felt was cut just below 
the nails and about ft. above the top the bench, that the mats 
which were placed over the arch could inserted behind it. The roof 
was covered with three-ply mats and lapped over little more than 
half, shown diagrammatically the drawing. 

When the upper part the arch was reached, where the cementing 
strength the pitch was not sufficient hold the felt place, the 
mats were braced temporarily from the centering, shown Fig. 
Plate until the concrete could packed against it. 

Where the water-proofing was placed against the sand-wall, the 
method securing the sheets the top shown the small sketch 
Fig. and Figs. and Plate XLV. Fig. Plate XLVI, shows 
the laps the sheets and the method hanging. the start 
attempt was made stick the water-proofing the sand-wall, but 
this could not done account its dampness and the overhang 
the top. 

The sand-wall water-proofing was kept about ft. ahead the 
finished bench-wall, shown Fig. Plate XLVI. the bench- 
wall form was moved ahead and set, the mat was braced back against 
the sand-wall from the forms point just above the top the 
finished bench, care being taken avoid wrinkles, as, these were 
once formed, was practically impossible straighten them out. 

The completion the bench-wall left the upper part this 
water-proofing stretched taut across the curved top the sand-wall, 
forming chord the the arch was built up, the top was 
gradually slackened allow the concrete press the mat back 
into place until the top the sand-wall was reached, when the end 
was turned in, shown Fig. 18, the water-proofing was 
continued over the arch, that was necessary. 

The desire obtain dry tunnel, and the methods adopted 


: 
| 
ue 
om 


324 PENNSYLVANIA TUNNELS: BERGEN HILL TUNNELS [Papers. 


secure it, were responsible great measure for the decision build 
the arch short lengths, well the reasons given under the 
head arches. Had the tunnels been dry throughout, the method 
shown Fig. 18, could have been used exclusively, and, except 
for the fact that monolithic concrete might not have been obtained, 
there would have been objection building longer lengths. 

The quantity water reaching the tunnel drains and flowing out 
their lower ends after the completion the lining was about 
100 000 gal. per day, gal. per min.; this estimated that 
considerably less than comes through the lining the form 
leaks. The very general distribution this water over the roof 
indicated the fact that, during the excavation the first 1000 ft. 
both tunnels from the Weehawken end, oilskins had provided 
for the laborers induce them work all. The success, there- 
fore, the rock packing means diverting this water the 
side drains, shown, especially view the fact that, excluding 
the cut-and-cover section, only 10% the length the arch, 1189 
ft., was water-proofed. 

Considerable care was taken make all joints the concrete 
which were such position that water might follow through them 
the inside the tunnel lining, such manner that they would slope 
outward toward the rock. The top the sand-wall shown 
Figs. and 18. The slope the back the foundation may noted 
Fig. 18, and the method making the joint the arch, the 
few instances where section was not completed one operation, 
shown Fig. 18. These joints the arch were not allowed 
made above point 60° above the springing line. 


AND APPROACH. 


The cut the western end 300 ft. long, the alignment 
being shown Fig. 19. The bench-walls and conduit 
lines built throughout the length the tunnels are extended through 
the approach cut, the top the former gradually sloping from the 
portal the mouth the cut, where they are just level with the top 
the rail, the conduits also being depressed the same relative posi- 
tion with the tops the benches. 

The top the rock the mouth the cut, Station 327, was 
from ft. below the top the rail, and gradually rose through 
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the approach until the portal was about ft. above the 
roof the tunnel. The rock was covered with hardpan. profile 
this part the work shown Fig. 19. The rock throughout 
the approach was water-bearing considerable extent, and face- 
wall was built the sides with free drainage, through rock packing and 
vitrified and cast-iron drains behind it, keep this water from flowing 
over the tops the bench-walls, and also keep the lines con- 
duits dry. 

The retaining walls were built 25-ft. sections, the joints cor- 
responding those the benches, being the even stations, 
+33, +58, and +83. V-shaped joints were made down the face, 
and the ends the sections were made shown Fig. 19. The 
back part the joint was mopped with hot pitch before the next sec- 
tion was built, that there was practically bond between any two 
adjoining sections. 


The concrete these walls was placed late the season, and the 


expansion cracks, which were entirely confined the V-shaped 


joints, were quite small even the coldest weather the following 
winter, nor were there any indications during the past summer 
any stresses due expansion. The coping and drain the top 
the wall were built together, but separate from the rest the wall, 
the joint being made shown the sketch Fig. 19. Thus far, 
there has seemed seepage through either the vertical hori- 
zontal joints. 

The portal built granite, half elevation being shown Fig. 
19, the stone being supplied the Millstone Granite Company, Mill- 
stone Point, Conn. Fig. Plate XLVIII, shows the portal and the 
cut-and-cover section after the arches were completed but not covered. 

The forms for the concrete the approach were made ordinary 
dressed lumber, and the surface was rubbed twice after the forms 
were removed, which was soon possible after the concrete had 
set. The surface was first very lightly rubbed with piece soft, 
light-colored, sandstone remove any irregularities, being wetted 
slightly necessary while being rubbed. After the concrete had 
become fairly hard and dry, was rubbed second time and uniform 
texture and color obtained. The completion this work was delayed 
until the second week January, and considerable difficulty was en- 
countered obtaining good finish that part which was built after 
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cold weather set in, when was necessary protect from frost. 
Unless extreme care was taken prevent freezing after the rubbing, 
the entire surface was likely scale off, although cement other 
material was added after the removal the forms. general 
view the completed approach shown Fig. Plate 


TABLE 
Day 
Title. 

No. Rate. Amount. Rate. Amount. 
Carpenters..... 2.50 35.00 2.50 20.00 
8.00 6.00 2.50 2.50 
2.00 2.00 2.50 2.50 
Foremen laborers........... 45.50 8.50 7.00 
120 1.75 210.00 35.00 
Compressor engineer....... 3.50 8.50 
Firemen...... 2.50 5.00 2.50 2.50 


The water finding .its way into the side ditches the approach, 
which course included all rain falling this area, was intercepted 
just inside the portal and carried back the mouth the cut 
through 24-in. cast-iron pipes laid beneath the conduits the central 
bench-wall, thus disposing natural drainage ofea not inconsiderable 


= 
j 
| 
= 
+) 
7 
| 
‘ 


328 PENNSYLVANIA TUNNELS: BERGEN HILL TUNNELS [Papers. 


quantity water which would otherwise have flowed through the 
tunnels the sump the Weehawken Shaft, from which would 
have had pumped the surface. 

About 100 ft. the tunnel immediately east the Hackensack 
Portal was built the cut-and-cover method, and the arch section 
used the tunnel was modified widening the haunches, the thick- 
ness the arch the crown being gradually increased from in. 
the portal, Station 324, in. Station 323, where the regular 
segmental timbering the tunnel commenced. general view the 
approach during construction shown Fig. Plate XLVI. 


ORGANIZATION. 


Table shows approximately the number men employed daily 
the tunnel lining, both the contractor and the sub-contractors, 
their the average rate wages and the total daily ex- 
pense for labor when the work was full swing. 


ENGINEERING ORGANIZATION. 


The whole the work the North River Division was designed 
and executed under the direction Charles Jacobs, Am. Soe. 
E., Chief Engineer, and James Forgie, Am. E., Chief 
Assistant Engineer, the construction Section Bergen Hill 
Tunnels, being directly charge the writer Resident Engineer. 


PENNSYLVANIA TUNNEL AND TERMINAL RAILROAD COMPANY, 
HILL TUNNELS. 


ORGANIZATION OF STAFF OF RESIDENT ENGINEER. 


ORGANIZATION PREVIOUS THE HOLING THROUGH THE TUNNELS. 


Resident Engineer. 


Assistant Engineer. 


Alignment. 
Cost and Office 
Records. Field Inspection. 
Weehawken. Hackensack. 
Inspector. Chief Inspector. Chief Inspector. 
Chie 
Two Clerks. Inspector,N.Tunnel. Inspector, Tunnel. Party. Party. 
Telephone Mixer. Mixer. man. 
Operator. Excavation Excavation Rodman. Rodman. 
Messenger. and Force Account. and Force Account. Chainman. Chainman. 
Janitors. Inspector, Night. Inspector, Night. 
Cement Warehouse- Cement Warehouse- 
man. man. 
Conduit 


Assistant Engineer. 
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ORGANIZATION AFTER TUNNELS Hap BEEN 


Resident Engineer. 


Assistant Engineer. Assistant Engineer. 


Alignment. 
Cost and Office Field Inspection. 
Records. 
Tunnels. Conduit Inspector. Instrumentman. 
Two Inspectors. Chief Inspector. Inspector, Hackensack Rodmen. 
Two Clerks. Approach. 
Stenographer. Inspectors. 
Telephone Operator. Mixer Inspectors. 
Messenger. Night Inspector. 
Janitor. 


21. 


The general organization the staff shown the two diagrams, 
Figs. and 21. Fig. shows the organization previous the holing 
through the tunnels, during which time separate office was main- 
tained the western end for the use the men stationed there; Fig. 
shows the organization during the latter part the time, after the 
tunnels were holed through. The Assistant Engineer charge the 
construction was Taft, Am. Soe. E.; the Chief 
Inspector, Frazer, Jun. Am. Soe. E., had charge about 
75% the work the lining the tunnels. The alignment has 


been from the beginning under the charge Reynolds, Assistant 
Engineer. 
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any its publications. 


EXPANSION PIPES.* 


the arrangement steam piping (or other piping, the tempera- 
ture which subject considerable change), proper allowance must 
made for expansion. Where the change temperature, and hence 
the amount expansion, small, the stress may come well within the 
elastic limit the metal. such cases, course, special arrange- 
ments care for the expansion may not required. 

The determine the allowable stress pipe may 
readily made. the case ordinary iron pipe, have the 
following: 

The modulus elasticity wrought iron, the stress divided 
the strain, equals 000 000. 

The coefficient expansion wrought iron, the increase 
length per degree Fahrenheit per unit length, 0.00000673. 

The stress per degree Fahrenheit, therefore, would 29000000 


times 0.00000673, which equal 195.2 per sq. in. per degree 


Fahrenheit difference temperature. For change temperature 


100° Fahr., the stress would become per sq. in., which 
more than the safe working stress the iron, especially when 
considered that the stress would largely increased the 


various screw joints, where the thickness the pipe reduced the 
depth the thread. 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 


Vol. XXXVI. No. 
les 
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For ordinary steam apparatus the change temperature 
least 150° Fahr., that becomes impossible for the elasticity 
the metal care for the expansion, even the piping very securely 
tied down. For, when the elastic limit the metal reached, 
permanent set will result, and this change the form the piping 
repeated, rupture may expected. 

steam piping, expansion cared for two general methods: 
First, the use so-called expansion joints; and second, the 
arrangement the piping, that the expansion cared for the 
spring the piping itself. 

apparatus where the straight runs pipe have not been too 
long, the second method has been used almost exclusively, although 
the allowance for has usually been one judgment guess- 
work, and not matter calculation. 

Where the expansion has been considerable any one place, 
has been common practice for the designing engineer resort the 
use so-called expansion joints. There are numerous types these 
joints, and although many them have merit, the writer believes 
that, for many purposes, there are objections all types. One the 
best-known types made with one metal cylinder sliding slipping 


another. There is, ordinarily, packed gland stuffing-box 


prevent leakage. expansion joint this type should always 
anchored, and the pipe which moves within should also anchored 
point some distance from it—the distance being determined 
the amount expansion which this particular joint should care for. 
the pipe and expansion joint are not thus anchored, the movement 
the pipe and the thrust the steam pressure may carry the inner 
cylinder the expansion joint entirely away from the outer cylinder 
which moves. This type requires more less packing, and al- 
though this may not important item only few expansion 
joints are used, and they can gotten readily, nevertheless 
becomes very important where engineer has look after number 
these joints, where they cannot reached with the greatest ease. 

second type expansion joint, circular metal disk fixed 
its outer and attached the expanding pipe near its 
center. The expansion taken care the spring the metal 
disk, and, for this reason, the amount usually quite small. 
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third type expansion joint made what may described 
copper pipe with deep corrugations, reinforced with steel rings. 
Under certain conditions this joint has been very unsatisfactory. 
Where has been subjected varying temperatures, as, for example, 
heating apparatus where the steam pressure more less inter- 
mittent, the movement the copper has resulted breaking the 
corrugations. claimed, however, that some good results have been 
obtained where the steam pressure was not very high, and where the 
pressure and temperature have been very constant. 

Some authorities have suggested the use fittings arranged 
that the expansion will cared for the twisting the pipe within 
the thread the fitting. This has been done some low- 
pressure work, but little thought experience will convince one 
that not method relied on, for soon the slightest 
actual twist occurs within the fitting, the pipe becomes loose, and the 
joint formed any white lead varnish broken. This destroys 
the effect the white lead varnish, and the difficulty making 
ordinary pipe joint tight without some such cement well known. 
many where thought that the expansion cared for 
twisting fitting, careful examination will show that 
really cared for entirely the spring the pipe, and may set 
down safe rule that, there actually twist the pipe-thread, 
due expansion, there will almost surely leak, even where the 
pressures are low. 

may interesting, here, mention what known water 
packing. steam-tight joint sometimes made where one 
piece metal slips within another, few circular rings grooves 
being cut one the cylinders. The fit, course, must very 
good, and the idea that the condensed steam the rings grooves 
forms sort packing. This arrangement used with engine indi- 
cators and with some reducing-pressure valves the piston type, where 
steam-tight joint desired and where one cylinder must slip within 
the other. The success the joint depends two things: First, and 
principally, very accurate workmanship; and second, the fact 
that very little steam passes through the joint, any part 
which condensed will evaporate immediately and pass away un- 
noticed. This very soon proven, the discharge from reducing- 
pressure valve this type closed, and the line leading fills with 
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water, when will seen that water leaking from the joint. This 
one reason for the old saying that easier make joint steam- 
tight than water-tight. 

The most common way which expansion cared for steam 
piping the spring bending the pipes, where change 
direction occurs, and, the whole, this method the most satisfac- 
tory. The allowance made for expansion, the length the 
spring pieces, however, usually guessed at, determined 
experience, rather than accurate 

Some years ago, the writer made the lengths 
spring pieces for large underground installation, and, from these 
considerable extent since that time. More recently, however, the 
original have been 
somewhat extended, and this paper 
‘contains the resulting diagrams 
and curves, both new and old, 
together with short explanation 
their derivation and use. 
believed that they will 
value designing engineers and 
others. 

Fig. represents two lengths 
90° elbow. The lengths, and l,, 
are supposed represent the 
distances from the elbow the points which the pipe held 
line, which the pipe, horizontal vertical before expansion, 
must remain horizontal vertical after expansion. will assumed 
that the principal expansion acts direction right angles 
and that the secondary smaller relative expansion, any, acts 
right angles Consider, first, condition which the secondary 
expansion zero. The expansion then right angles and 
while the spring the length pipe, must care largely for the 
expansion, the length, also determining factor. becomes 
zero, the pipe both ends the length, held horizontally, 
easy determine the length required for any given expan- 
sion, when the size the pipe known. 


Principal 
Expansion (r) 
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Under these conditions the formula may worked out, and will 


000 000 


where the modulus elasticity taken that wrought iron 
steel, viz., 000 000. 
Where the length pipe under strain, inches; 
the expansion, inches, right angles the length 
pipe, 
the outside diameter pipe, inches; and, 
the maximum fiber stress, pounds per square inch. 

This does not allow for the weakening the pipe the fitting. 

the case under consideration, the maximum strain occurs 
both ends the length, /,, the pipe, and therefore the lessening 
strength the elbow fitting should considered, and allowance 
made therefor. For example, the pipe weaker than the fitting 
this point, and the pipe-threads cut reduce the effective 
section the pipe two-thirds its normal section, the strain calcu- 
lated should reduced two-thirds. The same result accomplished 
calculating for the usual strain, with increase expansion 
one and one-half, for the reason that the maximum fiber stress varies 
directly the expansion. 

this connection useful note the following relations which 
000 000 

other similar equations which will developed later. 

Other quantities remaining constant varies directly r), for 
fixed length and size pipe, the maximum fiber stress varies directly 
the amount expansion. 

Other quantities remaining constant varies directly D), 
for fixed length and expansion pipe, the maximum fiber stress 
varies directly the diameter the pipe. 

Other quantities remaining constant varies inversely D), 
for fixed length and maximum fiber stress, the expansion varies 
inversely the outside pipe diameter. 

Other quantities remaining constant varies inversely 
for fixed pipe diameter and expansion, the maximum fiber stress 
varies inversely the square the length. 


hold true the equation, and also, general, 
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Other quantities remaining constant varies directly 
for fixed pipe diameter and maximum fiber stress, the expansion 
varies directly the square the length. 

the length, /,, considered, well the length, /,, the 
solution the problem becomes much more complex, but can 
worked out manner similar the solution the problem 
continuous girder. The solution given the following discussion. 

Consider first pipe with two lengths, and /,, right angles, 
joined together with elbow The lengths and ad, and 
are supposed represent the distances from the elbow the points 
which the pipes pass through walls are otherwise held all times 
line. Consider now that expansion occurs the pipes, with 


a 


slight movement, neeessary, through the two restraining walls, that 
the pipes assume the new position, c-b-d. will assume the principal 
secondary smaller relative expansion will right angles 
the direction, The secondary expansion need not necessarily 
less quantity than the principal expansion, but less 


than times the principal expansion. The reason for this will 


become more apparent the discussion proceeds, but, course, 
due the fact that the expansion largely cared for that 
right angles and, similarly, the expansion largely cared for 
that right angles and also because the expansion possible 
varies the square the length pipe under strain. 


* 
5 
d 
ute 
\ 
1 a 1 els : 
7 NY C 
- 
P 


336 EXPANSION PIPES Papers. 


Now consider the length, b-d, swung through 90°, with the point, 
center. will assume the new position, b-e. This will change 
way the conditions stress, the elbow considered 
part the pipe, and will give arrangement which the formula 
for continuous girders can easily applied. The walls and are 
points support, and the pipes may considered horizontal 
these points. 

The unknown load, will act The difference elevation 
between and will called, and the difference elevation 
between and will called The principal expansion then 
equal and the secondary expansion The total horizontal 
quantity, compared with and /,, will neglected this connec- 
tion, although may considered any special case, desired. 


The three-moment equation for continuous girders, with not more 
than one concentrated load each span, may written: 


M,, moment support, 
P,, concentrated load span, 


distance from origin point application 


( 
Un -1 In 
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noting that the origin 

will then equal zero. 

all cases the moment will called M,, and the moment 
M,. Then, from Equation 


n-1 


again that the origin will have, from Equation 


Substituting, Equation the values used Equation for 


61, 

Equations and will then reduce 
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Whence, multiplying Equation and subtracting Equa- 
tion 


similar manner, multiplying Equation and subtract- 
ing Equation 


Then Equations and give the moments the two points 
support. 

The shear just the right the support may expressed 
follows: 


Substituting the values and M,, shown Equations 
and 


The three-moment Equation derived fundamentally from two 
equations (Figs. and 4), namely, 
X>X,; 
When equals the moment any point, equals the shear the 
right the support, 
Substituting this value Equations and 18, integrating and 
determining constants, will have: 


Since 


7 
q 
or 
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Where equals slope distance, right origin, equals value 


Integrating again, and determining constants, 
X>X,; Ely 
now give the value X,, and the value either 


Equations (viz., substitute the value and the point 
application P), will have: 


r 2 3 


this equation make equal the value Equation 
make equal the value Equation 11, and substitute for 
the value will then have: 

L—A 
simplifying, 


This gives the following value for 


(L — Ay® ( ) 
The bending moment will maximum the wall, where the 
bending moment M,, therefore, 


, 
Ay 
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Substituting the value from Equation 


From which 
Equating the values found Equations and 24, 
have 
(25) 
Simplifying 


and, substituting Equation 27, have: 


— ‘ 2 
(30) 
Or since Lk = l, 
(31) 


Where principal expansion, inches; 
secondary expansion, inches; 


maximum fiber stress (pounds per square inch); 
outside diameter pipe, inches; and, 


q 
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equals that is, the secondary expansion zero, then: 
which the same Equation 
This the condition beam, both ends which are held hori- 
zontal while one end lower level than the other. 
If, the other hand, equals zero and approaches zero (which shows 


that becomes very long compared with /,), then approaches 


value and would become equal the limit. This is, 


course, the condition beam fixed one end and free the other. 
this case the length, would act (the pipe) were cut off 
the elbow. should noted that the value when equals 
zero, equals infinity, twice that when equals equals 

From Equation certain curves have been worked out, which 
can used when not desired solve the equation for each 
independent case. The method using these curves will shown 
for number cases. 

The curves, Figs. 22, are (for wrought-iron steel 
pipe), for fixed expansion direction right angles which 
will called the principal expansion, and, for zero expansion, 
the direction right angles which will called the 
secondary the secondary expansion must considered, 
may from the equations which have been derived, 
one may make use the curves, Figs. and 24, which are used 
connection with the curves, Figs. 22, will explained later. 
will noted that the lengths pipe, and /,, are given feet 
all the diagrams, although, the equations, the units are inches. 

Consider first the expansion 4-in. pipe, where the principal 
expansion in., and where the secondary expansion (or that right 
angles the principal expansion), negligible. This length can 
determined directly from Fig. zero, the length will 
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DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS, 
Secondary Expansion (s) Zero 


conda 


Expan 


Length Pipe under Strain Feet. 


DIAGRAM. SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS. 
Secondary Expansion Zero 


Length Pipe under Strain Feet. 
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Expansion (7), Inches. 


342 


Papers. EXPANSION PIPES 343 


DIAGRAM LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS 


Secondary Expansion Zero 
Maximum Fiber Stress 000 sq.in. 


Inches. 


Expansion (7), 


Length under Strain (1,), Feet. 


DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS, 
Secondary Expansion Zero 


Expansion Inches, 


5 ,10 15 20 
Length Pipe under Strain Feet. 
Hie. 9. 
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DIAGRAM SHOWING LENGTHS 
2-IN. PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS, 
Maximum Fiber Stress 000 


ero 
sq.in. 


o 


Expansion (7), Inches 


Length under Strain (11), Feet. 


DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS 
Secondary Expansion (s) Zero 
Maximum Fiber Stress 000 sq.in. 


Length Pipe under Strain Feet. 
11. 
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DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS, 
Secondary Expansion Zero 
Maximum Fiber Stress sq.in. 


Inches. 


Expansion (7), 


12. 


DIAGRAM SHOWING LENGTHS 
4-IN. PIPE 
UNDER STRAIN FOR VARIOUS 
Secondary Expansion Expansion 
Right Angles Equals Zero 
Maximum Fiber Stress 


Inches. 


Expansion (7), 


Length Pipe under Strain Feet. 


13. 
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DIAGRAM SHOWING LENGTHS 


IN. PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS. 


Secondary Expansion Zero. 

Maximum Fiber Stress 000 sq.in 


Expansion 


DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS, 


Secondary Expansion Zero. 
Maximum Fiber Stress 000 sq.in. 


Paper 


o 


DIAGRAM SHOWING LENGTHS 
PIPE 

UNDER STRAIN FOR VARIOUS EXPANSIONS. 
Secondary Expansion 

Maximum Fiber Stress 000 sq.in. 


Expansion Inches. 


DIAGRAM SHOWING LENGTHS 
IN. PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS 


Secondary Expansion Zero 
Maximum Fiber Stress 000 sq.in 


17. 


Length Pipe under Strain Feet. 
16, 
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DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS. 
Maximum Fiber Stress 000 sq.in. 


18. 


DIAGRAM SHOWING LENGTHS 
PIPE 


UNDER STRAIN FOR VARIOUS EXPANSIONS. 
Secondary Expansion Zero. 


Maximum Fiber Stress 12000 Ib. sq. 


Expansion Inches. 


19. 


Pape 


o 


Expansion (7), Inches. 


Inches. 


1 


DIAGRAM SHOWING LENGTHS 
PIPE 


UNDER STRAIN FOR VARIOUS 
Secondary Expansion ($) Zero, 
Maximum Fiber Stress sq.in! 


Expansion Inches. 


Length under Strain (/;),in Feet. 
Fie. 20. 


DIAGRAM SHOWING LENGTHS 
PIPE 
UNDER STRAIN FOR VARIOUS EXPANSIONS 
Secondary Expansion Zero. 
Maximum Fiber Stress 000 sq.in. 


o 


Expansion Inches, 


21. 
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Expansion (7), Inches. 


as 


Expansion for Different Values 
Compared with Expansion when 


DIAGRAM SHOWING LENGTHS 
PIPE 
STRAIN FOR VARIOUS EXPANSIONS 
Secondary Expansion 
Maximum Fiber Stress sq.in. 


22. 


DIAGRAM SHOWING VARIATION 
EXPANSION FOR VARYING VALUES 
THE SECONDARY EXPANSION 


Secondary 
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alues Secondary Expansion Expansion. 
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Lengths for Different Values 


Maximum Elbow. 
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DIAGRAM SHOWING VARIATIONS 
LENGTHS PIPE UNDER STRAIN 
FOR VARYING VALUES THE 
SECONDARY EXPANSION 


24. 


DIAGRAM SHOWING THE RELATION BETWEEN 
THE MAXIMUM STRAIN PIPE AND THE 
STRAIN THE ELBOW, FOR VARYING 
VALUES THE SECONDARY EXPANSION. 


Values Secondary Principal Expansion, 


25. 
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equal something less than ft., has any value all. With 


equal ft., more than and undoubtedly less than 


equals will seen from Fig. 13, that will little less than 
ft., and equals equals ft. will seen, therefore, 


taken 344 ft. 


the length becomes equal will seen from Fig. 
that should equal 273 ft. When becomes very long, the fact 
whether can move freely must, course, taken into consideration. 
must slip over fixed supports, the friction slippage will, 
course, have the same effect the shortening the length, 
the other hand, often happens that pipes passing through walls, 
similar conditions, will held permit some slight side 
movement, although may not allowed for the calculations. 
This, course, would have the same effect increase the length 
pipe under strain. 

Let now consider the expansion 4-in. pipe where the 
principal expansion in., the secondary expansion in., and the 
lengths and are equal. From Fig. 24, will seen, 
when the principal expansion divided the lesser secondary ex- 


pansion (or and when that (compared with the 


case where the secondary expansion equals zero) the lengths should 
increased the ratio 1.085, or, from Fig. 23, will seen 
that the expansion should decreased the ratio 0.85. 

From Fig. will seen that should nearly ft. for 
pipe with 6-in. expansion (the secondary expansion being zero 
and If, addition the principal expansion in., there 
secondary expansion in., the lengths should increased, 
before stated, the ratio 1.085, ft. should changed 
nearly ft. If, however, desired not increase these lengths, 
the lessened amount expansion the increased maximum fiber 
stress can determined. From Fig. has been determined 
that the expansion should decreased the ratio 0.85, 
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and in. should become 5.1 and 2.55 in., respectively. If, however, 
desired maintain the and 3-in. expansion, will seen 
from the equations that the fiber stress varies directly the expansion, 
and hence the maximum fiber stress will become 


000 118 per sq. 


There one factor which has already been mentioned, which, 
however, further attention should given, that the question 
how much allowance should made for the weakening pipe 
fitting due either the strength the fitting the threads 
the pipe. order determine what this should 


be, must make Equation 22, equal the moment where 


succeeding equations, will secure the equation: 


(34) 
1 k B3EDk CHK C ( 5) 


The comparative values the pipe strain the joint and the fixed 
point the pipe, have been determined from Equation 35, and are 
shown graphically Fig. 25. 

using this diagram the following discussion, the loss strength 
the elbow calculated one-third. Therefore, allowance 
should made for the weakening the fitting when the maximum 


strain less than 


times the strain the elbow. 


examination the curves Fig. will show that this practically 
always the case when anything less than also the 
case when and the secondary equal larger than the 
principal expansion. will remembered that the principal expan- 


sion always larger than times the secondary expansion, where 
1 


the length pipe under strain right angles the direction 
the principal expansion, and the length pipe under strain 
right angles the secondary expansion, but the principal expansion 
not necessarily larger quantity than the secondary expansion. 
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The allowance will depend the ratio the maximum strain 
the strain the elbow, which values are shown the curves 
Fig. 25. When the strain the elbow equals the strain 
the point where the pipe held line, and the strain all inter- 
mediate points also the same. The allowance for the weakening 
the elbow, for any joint between the elbow and the point where 
the strain allowable should two-thirds what otherwise might 


will seen, from Fig. 25, that the maximum strain times 
the strain the elbow. the elbow only two-thirds 
strong the pipe, the strain the latter should reduced 


the material the elbow. there fitting half way between the 
elbow and the point which the pipe held line, the maximum 
strain would greater than the strain this point, the ratio 
quantity half way between and 1}, the ratio 1}. 

the fitting were farther from the elbow, its distance being two- 
thirds the total distance between the point which the pipe held 


When therefore, the allowance for the weakening the 
elbow should made follows: 
The old and 


The new and 
the new lengths should equal 1.225 times the old lengths. 
examination the equation and curves will also show that 
this same rule may followed closely when the secondary expansion, 


although not zero, still small compared with times the 


principal expansion, and, ease, will the allowance greater than 
this amount. 
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The diagrams may used for variety combinations, and their 
adaptability well illustrated Fig. 26. 

arrangement piping assumed, which tee connects 
and 6-in. pipe the run and 4-in. pipe branches from the tee 
right angles both. The length 
the 8-in. pipe from the tee the point 
which held line will as- 
sumed ft., and that the 6-in. 
movement the tee the direction 
the and 8-in. pipes in., what 
should the length the 4-in. pipe 
from the tee the point which 
held line? 


will first assumed that the 
expansion the tee the direction 26. 


the 4-in. pipe negligible quantity. From the formula 
seen that the bending for fixed maximum fiber stress varies inversely 
the diameter the pipe and the square the length pipe. The 
ft. 8-in. pipe, therefore, could, for fixed maximum fiber stress, 
bent only one-half much ft. 4-in. pipe. Therefore, the 
ft. 8-in. pipe equivalent its power bend 21.2 ft. 4-in. 
pipe, since the lengths vary the square root the bending power, and 


have now the double stiffness equivalent 21.2 ft. 


4-in. pipe and ft. pipe. The propor- 


tional the reciprocal the length squared. Therefore, the 


combined stiffness the two and 8-in. pipes would equivalent 


which would equivalent 4-in. pipe, with 


179 776 


use 14.54 therefore, Fig. 13, can secure the 
necessary length 4-in. pipe. 
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see from this diagram that, in. expansion for 
4-in, pipe would require length ft. 4-in. pipe. 
would 183 ft., but equivalent 14.5 ft. The next smaller 


value for equals this case, would equal 193 ft. 


the first case, 1,, would the second case, 


way between the two; therefore, lies between and and would 
not far from ft. 

now there should secondary expansion in., would 
necessary increase the value could not increased 


proportionately, the value would®be decreased, and instead being 


approximately would become something less. From 


Fig. will seen that when the secondary expansion divided 


the principal expansion, and when that the new 


length should about 1.1 the old length. This, however, would 


change little that the value while less than 
1 
nearly small can, therefore, approximate the value 


would not 


the required length from Fig. 24, about 1.09 the old length 
ft. the new length would become about 1.09 
20.71, about 203 ft. 

Let now consider which the strain not caused 
expansion movement the tee, and which the end the 4-in. 
pipe farthest from the tee not held line. The problem will 
find what bending possible the end the 4-in. pipe farthest 
from the tee, this end not held horizontal its original direc- 
tion. The length the and 6-in. pipes will the same before, 
and the length the 4-in. pipe will the same the last case, 
viz., ft. 


this case the and 6-in. pipes together have equivalent length 
14.54 ft. 4-in. pipe. 
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apparent that, this case, the bending will the same for 
4-in. pipe length (20.7 14.54) 35.24 ft. with its end free. 
not being free due strain from and this becomes zero when 
will find, therefore, the expansion Fig. 13, and note 
that nearly in. 

sometimes the practice use bends. analysis the con- 
ditions strain 90° bend will show that such bend has 
approximately the same strength pipe making 90° turn with 
elbow, the two sides which are each equal the radius the bend. 
There are advantages, however, the use the bend—a lessening 
the resistance the flow the fluid the pipe, lessening the 
number fittings used, and, many cases, lessening the cost 
the material and erection. some specifications copper bends are 
for, and the pipe under practically constant temperature, 
these may fairly satisfactory, even the stress the metal quite 
large. the stress kept fairly well under the elastic limit, steel pipe 
is, however, good copper pipe, and the elastic limit nearly 
reached exceeded, there always danger the breaking the pipe. 

the pipe arranged shown Fig. 27, and the expansion 
the same both sides the loop, the center the loop will act 
fixed point, and will the length one side the loop. 
now the expansion were altogether one side the loop, the entire 
length both sides may taken for 
which would appear make advanta- 
geous place the loop near anchorage 
instead half way between two anchor- 
ages. The reason for this that placing 
the loop near one anchorage, double the 
expansion acting one side the loop, but also double and 
the expansion permissible varies and not If, however, the 
loop placed half way between the two anchorages, the greatest move- 
ment the pipe any point reduced one-half, and, times, 
this may considerable importance. 


27. 


The method using several small pipes bends place one 
large pipe bend has been suggested, and can sometimes used 
advantage. The intention is, course, make this section piping 
capable greater bending, and, the same time, not reduce the 
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area through which the steam fluid passes. The combined cross- 
sectional area the small pipes may made equal larger than 
that the large pipe, while the bending will equal that one 
small pipe. 

There one point connection with the expansion pipes, 
which particular attention called. possible reduce greatly 
the effects expansion the use what called cold strain. 
William Baldwin, Am. E., was the first, the writer 
believes, make use cold strain order reduce the necessary 
allowance for expansion, and has gone far put the entire 
strain the cold pipe some cases. 

cold strain meant the the pipe such manner 
that the pipe will strained when cold exactly the opposite way 
from that which strained expansion when hot. the cold 
strain 50% the normal expansion, the pipe will strained 50% 
what may called negative direction when cold, and 50% the 
opposite positive direction when hot. this means possible 
reduce the strain the pipe half the normal strain expansion, 
and thus reduce the necessary allowance for the same this propor- 
tion. There are advantages, however, making the cold strain greater 
than per cent. If, for instance, the cold strain exactly equal 
the expansion, then the pipe under strain when cold and entirely 
free from strain when hot or, other words, the tendency strain 
open one side pipe flange maximum when the pipe cold 
when there pressure it, and becomes zero when the pipe 
hot when there maximum pressure it. The strain ex- 
pansion also eliminated when that due steam pressure maxi- 
mum, that the pipe not subjected the two strains the same 
time. 

the cold strain something less than the full expansion, these 
effects are, course, proportionately decreased. 

Perhaps might interest mention one instance which 
the advantage cold strain was used remedy what seemed 
serious trouble. leak one the main steam pipes large 
hotel was causing much annoyance. The the trouble was 
simply that the flanges were thrown out line the strain the 
expansion the piping. The location was such that was the 
utmost importance not shut off the steam from this pipe for more 
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than very short time. Various expedients had been suggested, all 
requiring shut-down the plant for considerable length time, 
when was suggested Mr. Baldwin, that one length flanged 
pipe replaced similar piece pipe, cut enough shorter, how- 
ever, eliminate entirely the excessive strain expansion when 
the piping was hot. This new piece pipe was made ready before 
the plant was shut down, and the time, therefore, during which was 
not operation, was limited very few minutes. 

There another advantage due cold strain, which may men- 
tioned, and which will appreciated particularly the steamfitter 
the man charge the erection the work, wherever flanged piping 
used. The advantage simply this, that flange joint when un- 
bolted will tend open and allow easy removal gasket. 

conclusion word may said regard the use the 
diagrams. They are calculated for maximum fiber stress 000 
per sq. in. This gives ample factor safety for wrought-iron 
steel pipe, and more, perhaps, than some will wish allow. very 
easy, however, use the diagrams with higher stress, desired, 
since the stress varies directly the amount expansion. 
desired, for instance, use maximum fiber stress 16000 per 
sq. in., only necessary increase the amounts expansion the 


the diagrams can then made in., and other values can 
proportionately. 
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FEDERAL INVESTIGATIONS MINE ACCIDENTS, 
STRUCTURAL MATERIALS, AND FUELS, 
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Presentep Aprit 1910. 


INTRODUCTION. 


The mine disaster, which occurred Cherry, November 
13th, 1909, when 527 men were the mine, resulting the entomb- 
ment 330 men, whom 310 were killed, has again focused public 
attention the frequent recurrence such disasters and their 
appalling consequences. Interest the possible prevention such 
disasters, and the possible means combating subsequent mine fires 
and rescuing the imprisoned miners, has been heightened was 
not even the series three equally extensive disasters which 
1907, for the reason that, after the Cherry disaster, 
men were rescued alive after entombment one week, when 
practically all hope any the miners had been abandoned. 

This accident, occurring, does, little more than years 
after the enactment legislation Congress instructing the 
Director the United States Geological Survey investigate the 
causes and possible means preventing the loss life coal-mining 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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operations, makes this opportune time review what has been 
done the Geological Survey during this time, toward carrying out 
the intent this Act. 

may stated with confidence, that had such disaster occurred 
year more ago, all the entombed men must have perished, 
would have been impossible enter the mine without the protection 
afforded artificial respiratory apparatus. Moreover, but for the 
presence the skilled corps Government engineers, experienced 
more than year’s training similar operations more than 
twenty disasters, the mine would have been sealed until the fire had 
burned out, and neither the dead, nor those who were found alive, 
would have been recovered for many weeks. the interval great 
suffering and loss would have been inflicted the miners, because 
idleness, and the mine owners because continued 
inability re-open and resume operations. 

Character the United States Geological Survey 
has been engaged continuously since 1904 conducting investigations 
relating structural materials, such stone, clay, cement, and 
making tests and analyses the coals, lignites, and other mineral 
fuel substances, belonging to, and for the use of, the Government. 

Incidentally, the Survey has been considering means increase 
efficiency the use these resources fuels and structural materials, 
the hope that the investigations will lead their best utilization. 

These inquiries attracted attention the waste human life 
incident the mining fuel and its preparation for the market, 
with the result that, May, 1908, provision was made Congress 
for investigations into the causes mine explosions with view 
their prevention. 

collected the Geological Survey show that the average 
death rate the coal mines the United States from accidents all 
kinds, including gas and dust explosions, falls roof, powder explo- 
sions, ete., three times that France, Belgium, and Germany. 
the other hand, country the world are natural conditions 
favorable for the safe extraction coal the United States. 
Belgium, foremost the study mining conditions, constant 


reduction the death rate has been secured, and from rate once 
nearly great that the United States, namely, 3.28 per thousand, 
the period 1851-60, has been reduced about per thousand 
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the period 1881-90; and the last decade this has been further 
reduced nearly per thousand. seems certain, from the investi- 
gations already made the Geological Survey, that better means 
safeguarding the lives miners will found, and that the death 
rate from mine accidents will soon show marked reduction. 

Other statistics collected the Geological Survey show that, 
the close 1907, nearly 7000000000 tons coal had been mined 
the United States, and estimated that for every ton mined 
nearly ton has been wasted, either being left the ground 
thrown the dump grade too low for commercial use. the 
close 1907 the production represents exhaustion somewhat 
more than tons coal. has been estimated that 
the production continues increase, from the present annual output 
approximately 415000000 tons, the rate which has prevailed 
during the last fifty years, the greater part the more accessible coal 
supply will exhausted before the middle the next century. 

The Forest Service estimates that, the present rate consump- 
tion, renewals growth not being taken into account, the timber 
supply will exhausted within the next quarter century. 
desirable, therefore, that all information possible gained regarding 
the most suitable substitutes for wood for building and engineering 
construction, such iron, stone, clay products, concrete, and that 
the minimum proportion which these materials should used for 
given purpose, ascertained. Exhaustion, use engineering 
and building construction, applies not only the iron ore, clay, and 
cement-making materials, but, larger ratio, the fuel essential 
rendering these substitutes available for materials construction. 
Incidentally, investigations into the waste structural materials have 
developed the fact that the destructive losses, due fires com- 
bustible buildings, amount more than $200000000 per annum. 
sum even greater than this annually expended fire protection. 
Inquiries looking the reduction fire losses are being conducted 
order ascertain the most suitable fire-resisting materials for 
building construction. 

Early 1904, during the Louisiana Purchase Exposition, Con- 
gress made provision for tests, demonstrations, and investigations con- 
cerning ihe fuels and structural materials the United States. These 
investigations were organized subsequently the Technologic Branch 
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the United States Geological Survey, under Mr. Joseph Holmes, 
Expert Charge, and the President the United States invited 
group civilian engineers and Chiefs Engineering Bureaus the 
Government act National Advisory Board concerning the 
method conducting this work, with view making more 
immediate benefit the Government and the people the United 
States. This Society formally represented this Board 
Schneider, Past-President, Am. Soc. E., and George Webster, 
Am. Among representatives other engineering socie- 
ties, Government Bureaus, the membership the National 
Advisory Board includes other members this Society, follows: 
General William Crozier, Frank Chambers, Professor Hatt, 
Richard Humphrey, Robert Hunt, Kelley, Robert 
Lesley, John Lober, Hunter McDonald, and Frederick Newell. 

view, therefore, the important part taken both officially and 
unofficially members this Society the planning and organiza- 
tion this work, seems proper present statement the scope, 
methods, and progress these investigations. Whereas the Act 
governing this work limits the testing and investigation fuels and 
structural materials those belonging the United States, the 
activities the Federal Government the use these materials 
far exceeds that any other single concern the United States, that 
the results cannot but great value all engineers and all 
those engaged engineering works. 


INVESTIGATIONS. 


Organization, and Character the Work.—The mine rescue in- 
vestigations, carried the Federal testing station, Pittsburg, 
Pa., include five lines attack: 

1.—Investigations the mines determine the conditions leading 
mine disasters, the presence and the relative explosibility 
mine gas and coal dust, and mine fires and means preventing 
and combating them. 

2.—Tests determine the relative safety, otherwise, the 
various explosives used coal mining, when ignited the presence 
explosible mixtures coal-gas and air, coal dust, both. 

3.—Tests determine the conditions under which electric equip- 
ment safe coal-mining operations. 
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4.—Tests determine the safety various types mine lights 
the presence inflammable gas, and their accuracy detecting 
small percentages mine gas. 

5.—Tests the various artificial breathing apparatus, and the 
training miners and skilled mining engineers rescue methods. 

The first four these lines investigation have with preventa- 
tive measures, and are those which ultimately the greatest depend- 
ence must placed. The fifth one which the result seems 
first the most apparent. has do, not with prevention, but 
with the cure conditions which should not arise, or, least, should 
greatly ameliorated. 

During the last years, men have been killed the coal- 
mining industries. 1907 alone, 3125 men lost their lives coal 
mines, and, addition, nearly 800 were killed the metal mines and 
quarries the country. Including the injured, 8441 men suffered 
casualties the mines that year. every mining camp contain- 
ing 1000 men, 4.86 were taken violent death that year. 
the mining coal Great Britain, 1.31 men were killed every 
1000 employed the same year; France, 1.1; Belgium, 0.94, 
less than man every 1000 employed. thus seen that from 
three four times many men are being killed the United States 
any European coal-producing country. This safer condition 
Europe has resulted from the use safer explosives, the better use 
the explosives available; from the reduction the use open 
lights; from the establishment mine rescue stations and the train- 
ing with artificial breathing apparatus; and from the adoption 
other devices for safeguarding the lives the workmen. 

The mining engineering field force the Geological Survey, the 
head which Mr. George Rice, experienced mining and 
consulting engineer, has already made great progress the study 
underground mining conditions and methods. Nearly every one the 
more dangerous mines the United States has been examined; 
samples gas and dust have been taken and analyzed the chemical 
laboratories Pittsburg; extended tests have been made the 
explosibility various mixtures gas and air; the explosibility 
dust from various typical coals; the chemical composition and 
physical characteristics this dust; the degree fineness necessary 
the most explosive conditions; and the methods dampening the 
dust water, humidifying, steam, deadening its explosi- 
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bility the addition calcium chloride, stone dust, ete. bulletin 
outlining the results thus far obtained the study the coal-dust 
problem now course publication.* 

After reviewing the history observations and experiments with 
coal dust carried Europe, and later, the experiments the 
French, German, Belgian, and English explosives-testing stations, this 
bulletin takes the coal-dust question the United States. Further 
chapters concern the tests the explosibility coal dust, made 
the Geological Survey, Pittsburg; both the 
Pittsburg laboratory and mines, the humidity There 
also chapter the chemical investigations into the ignition coal 
dust Mr. Frazer, the Geological Survey. The applica- 
tion some these data actual mine conditions Europe, the 
last year, treated Mr. Axel Larsen; the use exhaust steam 
mine the Consolidation Coal Company, West Virginia, dis- 
cussed Mr. Frank Haas, Consulting Engineer; and the use 
sprays Oklahoma coal mines the subject chapter Mr. Carl 
Scholz, Vice-President the Rock Island Coal Mining Company. 

earlier bulletin setting forth the literature and certain mine 
investigations explosive gases and has already been issued. 
After treating methods collecting and analyzing the gases found 
coal, and studies coal dust, this bulletin such factors 
the restraining influence shale dust and dampness coal-dust 
explosions. then takes practical considerations the danger 
explosions, including the relative inflammability old and fresh 
coal dust. The problems involved are undergoing further investiga- 
tion and elaboration, the light information already gathered. 

Permissible most important progress 
tests and investigations has made those relating the various 
explosives used getting coal from mines. Immediately upon the 
enactment the first legislation, the spring 1908, arrangements 
were perfected whereby the lower portion the old Arsenal grounds 
belonging the War Department and adjacent the Pennsylvania 
Railroad, the Alleghany River, 40th and Butler Streets, Pitts- 
burg, Pa., were transferred the Interior Department for use these 
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investigations. Meantime, anticipation the appropriation, Mr. 


Clarence Hall, engineer experienced the manufacture and use 
explosives, was sent Europe study the methods testing ex- 
plosives practiced the Government stations Great Britain, Germany, 
Belgium, and France. Mr. Joseph Holmes also visited Europe for the 
purpose studying methods ameliorating conditions the mines. 
Under the supervision the writer, Chief Engineer these investiga- 
tions, detailed plans and specifications had been prepared advance for 
the necessary apparatus, and the transformation the buildings Pitts- 
burg the purposes this work. was possible, therefore, under- 
take immediately the changes existing buildings, the erection 
new buildings, the installation railway tracks, laboratories, and the 
plumbing, heating, and lighting plant, ete. This work was carried 
with unusual expedition, under the direction the Assistant Chief 
Engineer, Mr. James Roberts, and was completed within few 
months, which time most the apparatus was delivered and 
installed. 

One building (No. 17) devoted the smaller physical tests 
explosives. was rendered fire resistant heavily covering the 
floors, ceiling, and walls with cement metal lath, and otherwise 
protecting the openings. are installed apparatus for determining 
value explosives, pressure produced ignition, suscepti- 
bility ignition when dropped, rate detonation, length and dura- 
tion flame, and kindred factors. Elsewhere the grounds 
gallery boiler-steel plate, 100 ft. long and more than ft. 
diameter, solidly attached mass concrete one end, which 
embedded cannon from which discharge the explosive under 
test, and open the other end, and otherwise constructed 
simulate small section mine gallery (Fig. Plate XLIX). 
The heavy mortar pendulum, for the pendulum test for determining 
the produced explosive, near by, also armored 
pit which large quantities may detonated with 
view studying the effects magazine explosions, and for testing 
the rate which ignition explosive travels from one end 
the other cartridge, and the sensitiveness one cartridge 
explosion discharge another near by. 

another building (No. 21), well-equipped fire-proof chemical 


laboratory for chemical analyses and investigations explosives, 
structural materials, and fuels. 
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Several months were required calibrate the various apparatus, 
and make analyses the available natural gas determine the 
correct method proportioning with air, produce exact 
explosives were made air and inflammable mixtures air and 
gas, with view fixing some standard explosive basis 
45% nitro-glycerine dynamite was adopted 
the standard. Investigative tests having been made, and the various 
factors concerning all the explosives the market having been 
the United States, January 9th, 1909, and was also published the 
various technical journals, through the associated press, and otherwise. 

May 15th, 1909, all the explosives which had been offered for 
test, permissible, having been tested, the first list permissible 
explosives was issued, given the following circular: 


CIRCULAR NO. 


“DEPARTMENT THE INTERIOR. 
“Untrep States SuRVEY. 


“May 15, 1909. 


“LIST PERMISSIBLE EXPLOSIVES. 
“Tested May 15, 1909. 


“As part the investigation mine explosions authorized 
Congress May, 1908, was decided the Secretary the Interior 
that careful examination should made the various explosives 
used mining operations, with view determining the extent 
which the use such explosives might responsible for the occur- 
rence these disasters. 

“The preliminary investigation showed the necessity subjecting 
rigid tests all explosives intended for use mines where either 
gas dry inflammable dust present quantity under conditions 
which are indicative danger. 

“With this view, letter was sent the Director the United 
States Geological Survey January 1909, the manufacturers 
explosives the United States, setting forth the conditions under 
which these explosives would examined and the nature the tests 
which they would subjected. 

the conditions and tests described this letter were 
subsequently followed testing the explosives given the list below, 
they are here reproduced, follows: 

“(1) The manufacturer furnish 100 pounds each explosive 
which desires have tested; responsible for the care, 
handling, and delivery this material the testing station the 
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Pa., the time the explosive tested; and have repre- 
sentative present during the tests, who will responsible for the 
handling the packages containing the explosives until they are 
opened for testing. 

except the necessary government officers the testing station, their 
assistants, and the representative the manufacturer the explosives 
tested. 

“(3) The tests will made the order the receipt the appli- 
cations for them, provided the necessary quantity the explosive 
delivered the plant the time assigned, which due notice will 
given the Geological Survey. 

“(4) Preference will given the testing explosives that are 
now being manufactured and that are that sense already the 
market. test will made any new explosive which not now 
being manufactured and marketed, until all explosives now the 
market that may offered for testing have been tested. 

list the explosives which pass certain requirements satis- 
factorily will furnished the state mine inspectors, and will 
made public such further manner may considered desirable. 


“TEST REQUIREMENTS FOR EXPLOSIVES. 


“The tests will made the engineers the United States 
Explosives Testing Station Pittsburg, Pa., gas and dust gallery 
equal disruptive power one-half pound (227 grams) per cent. 
nitroglycerin dynamite original wrapper, the following 
formula: 


“Each charge shall fired with electric fuse sufficient power 
completely detonate explode the charge, recommended the 
manufacturer. The explosive must such condition that the 
chemical and physical tests not show any unfavorable results. The 
explosives which the charge used less than 100 grams (0.22 pound) 
will weighed tinfoil without the original wrapper. 

“The dust used tests and will the same degree 
fineness and taken from one mine.* 

shots with the charge described its 
original wrapper, shall fired, each with pound clay tamping, 
gallery temperature 77° F., into mixture gas and air con- 
taining per cent. methane and ethane. explosive will pass 
this test all ten shots fail ignite the mixture. 

2.—Ten shots with charge previously noted, its original 
wrapper, shall fired, each with pound clay tamping gallery 
temperature 77° F., into mixture gas and air containing per 


With view obtaining dust uniform purity and inflammability. 


United States arsenal grounds, Fortieth and Butler streets, Pittsburg, 
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cent. methane and ethane and pounds bituminous coal dust, 
pounds which placed shelves laterally arranged along 
the first feet the gallery, and pounds placed near the inlet 
the mixing system such manner that all part will 
suspended the first division the gallery. explosive will pass 
this test all ten shots fail ignite the mixture. 

3.—Ten shots with charge previously noted, its original 
wrapper, shall fired, each with pound clay tamping gallery 
temperature 77° F., into pounds bituminous coal dust, 
front the cannon and pounds placed side shelves sections 
and explosive will pass this test all ten shots fail 
ignite the mixture. 

4.—A limit charge will determined within grams 
firing charges their original wrappers, untamped, gallery tem- 
perature 77° F., into mixture gas and air containing per 
methane and ethane and pounds bituminous coal dust, 
arranged the same manner test This limit charge 
repeated five times under the same conditions before being 
established. 


least pounds clay tamping will used with slow- 
burning explosives. 


C., January 1909. 
response the above communication applications were received 
from manufacturers ‘for the testing explosives. these 


explosives, the given the following list have passed all the test 
requirements set forth, and will termed permissible explosives. 


“Permissible explosives tested prior May 15, 1909. 


Brand. Manufacturer. 


coal powder A....| Powder Co., Chicago, 

coal powder B.... Do. 

Wilmington, Del. 


Carbonite No. Do. 

Carbonite No. 3........ Do. 

Carbonite No. F.... Do. 

Carbonite No. F.... Do. 

Coal special No. 1...... Keystone Powder Co., Emporium, Pa. 
Coal special No. 2...... Do. 

Coalite No. 1..........| Potts Powder Co., New York City. 
Coalite No. D........ Do. 

Collier dynamite No. Sinnamahoning Powder Co., Emporium, Pa. 
Collier dynamite No. 4.. Do. 

Collier dynamite No. 5.. Do. 

Masurite Masurite Explosive Co., Sharon, Pa. 


Meteor Pont Nemours Powder Co., 
Wilmington, Del. 
Do. 
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“Subject the conditions named below, permissible explosive 
defined explosive which has passed gas and dust gallery tests 
Nos. and described above, and which test No. 
pounds (680 grams) the explosive has been fired into the mixture 
there described without causing ignition. 

“Provided: 

“1. That the explosive all respects similar the sample sub- 
mitted the manufacturer for test. 

“2. That double-strength detonators are used not less strength 
than gram charge consisting weight parts mercury ful- 
minate and parts potassium chlorate (or its equivalent), except 
for the explosive ‘Masurite F.,’ for which the detonator shall 
not less strength than grams charge. 

“3. That the explosive, frozen condition, shall thoroughly 
thawed safe and suitable manner before use. 

That the amount used practice does not exceed pounds 
(680 grams) properly 

“The above partial list includes the permissible explosives that 
have passed these tests prior May 15, 1909. The announcement 
the passing like tests other explosives will made public imme- 
diately after the completion the tests for such explosives. 

description the method followed making these and the 
many additional tests which each explosive subjected, together 
with the full data obtained each will published the 
Survey early date. 


“NOTES AND SUGGESTIONS. 


“It may wise point out this connection certain differences 
between the permissible explosives class and the black powders 
now generally used coal mining, follows: 

“(a) With equal quantities each, the flame the black powder 
more than three times long and has duration three thousand 
more than four thousand times that one the permissible 
explosives, also the rate explosion slower. 

The permissible explosives are one and one-fourth one and 
three-fourths times strong and are said, properly used, 
twice the work black powder bringing down coal; hence only half 
the quantity need used. 

powder, the quantity noxious gases given off from shot averages 
approximately the same, the quantity from the black powder being 
less than from some the permissible explosives and slightly greater 
than from others. The time elapsing after firing before the miner 


returns the working face fires another shot should not less 


permissible explosives than for black powder. 
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“The use permissible explosives should considered supple- 
mental and not substitute for other safety precautions mines 
where gas inflammable coal dust present under conditions indi- 
danger. stated above, they should used with strong 
detonators; and the charge used practice should not exceed 
pounds, and many cases need not exceed pound. 

“Inasmuch explosive manufactured for use mining 
flameless, and such explosive entirely safe under all the vari- 
able mining conditions, the use the terms ‘flameless’ and ‘safety’ 
applied explosives likely misunderstood, may endanger 
human life, and should discouraged. 


Charge Technologic Branch. 
“Approved, May 18, 1909: 


SMITH, 
“Director.” 


the meantime, many the explosives submitted, which hereto- 
fore had been the market safety explosives, were found un- 
safe for use gaseous dusty mines, and the manufacturers were per- 
mitted withdraw them. Their weaknesses being known, result 
these tests, the manufacturers were enabled produce similar, but 
safer, explosives. Consequently, applications for further tests con- 
tinued in, they still do, and October 1st, 1909, second 
list permissible explosives was issued, follows: 


CIRCULAR NO. 


“DEPARTMENT THE INTERIOR. 
States 
1909. 

“LIST PERMISSIBLE EXPLOSIVES. 
“Tested prior October 1909. 


“The following list permissible explosives tested the United 
States Geological Survey Pittsburg, Pa., hereby published for 
the benefit operators, mine owners, mine inspectors, miners, and 
others interested. 

“The conditions and test requirements described Explosives Cir- 
cular No. issued under date May 15, 1909, have been followed 
all subsequent tests. 

“Subject the provisions named below, permissible explosive 
defined explosive which such condition that the chemical 
and physical tests not show any unfavorable results; which has 
passed gas and dust gallery tests Nos. and described circular 


= 
4 


No. and which, test No. pounds (680 grams) has been 
fired into the mixture there described without causing ignition. (dou 
consi 
“Permissible explosives tested prior October 1909. potas 
reported Explosives Circular No. are marked *.] 
an 
coal powder Powder Co., Chicago, 
coal powder AA....... Do. (680 
coal powder B......... Do. 
coal powder C......... Do. 
Bituminite No. Jefferson Powder Co., Birmingham, 
Ala. 
Black Diamond No. 3.......| Illinois Powder Manufacturing Co., imm 
St. Louis, Mo. 
Black Diamond No. 4....... Do. this 
*Carbonite No. 1.............| Pont Nemours Powder Co., 
Wilmington, Del. 
*Carbonite No. 1-L. F........ Do. 
*Carbonite No. 2-L. F........ Do. mor 
*Coalite No. Potts Powder Co., New York City. sive 
*Coal special No. Keystone Powder Co., Emporium, Pa. 
*Coal special No. 2........... Do. 
*Collier dynamite No. Sinnamahoning Powder Manufactur- the 
ing Co., Emporium, Pa. qua 
*Collier dynamite No. 4...... Do. 
*Collier dynamite No. 5...... Do. pow 
Giant low-flame Giant Powder Co. (Con.) Giant, Cal. 
Giant low-flame dynamite. Do. 
Giant low-flame dynamite. Do. 
*Masurite Explosives Co., Sharon, Pa. 
Wilmington, Del. per 
Mine-ite Burton Powder Co., Pittsburg, Pa. 
Wilmington, Del. 
Tunnelite No. Powder and Oil Co., 
Pittsburg, Pa. 
Tunnelite No. Do. 
“Provided: 
That the explosive all respects similar sample submitted 
the manufacturer for test. 
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That No. detonators, preferably No. electric detonators 
(double strength), are used not less strength than gram charge, 
consisting weight parts mercury fulminate and parts 
potassium chlorate (or its equivalent), except for the explosive ‘Masu- 
rite for which the detonator shall not less strength 
than grams charge. 

“3. That the explosive, frozen, shall thoroughly thawed 
safe and suitable manner before use. 

“4. That the amount used practice does not exceed pounds 
(680 grams), properly tamped. 

“The above partial list includes all the permissible explosives that 
have passed these tests prior October 1909. The announcement 
the passing like tests other explosives will made public 
immediately after the completion the tests. 

“With view the wise use these explosives may well 
this connection point out again certain differences between the per- 
missible explosives class and the black powders now generally 
used coal follows: 

“(a) With equal quantities each, the flame the black powder 
more than three times long and has duration three thousand 
more than four thousand times that one the permissible explo- 
sives; the rate explosion also slower. 

“(b) The permissible explosives are one and one-fourth one and 
three-fourths times strong and are said, properly used, twice 
the work black powder bringing down coal; hence only half the 
quantity need used. 

powder, the quantity noxious gases given off from shot averages 
approximately the same, the quantity from the black powder being 
less than from some the permissible explosives and slightly greater 
than from others. The time elapsing after firing before the miner 
returns the working face fires another shot should not less for 
permissible explosives than for black powder. 

“The use permissible explosives should considered supple- 
mental and not substitute for other safety precautions mines 
where gas inflammable coal dust present under conditions indi- 
danger. stated above, they should used with strong 
detonators, and the charge used practice should not exceed 
pounds and many need not exceed pound. 


“Expert Charge Technologic Branch. 


“Approved, October 11, 1909. 
“Acting 
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The second list contains explosives which the Government 
prepared brand permissible, and therefore comparatively safe 
for use gaseous and dusty mines. equally large number so- 
safety powders failed pass these tests. Immediately the 
passing the tests, the permissibility any explosive, the 
facts are reported the manufacturer and the various State mine 
inspectors. When published, the permissible lists were issued all 
explosives manufacturers, all mine operators the United States, and 
State inspectors. The effect has been the enactment, three the 
largest coal-producing States, legislation regulations prohibiting 
the use any but permissible explosives gaseous dusty mines, 
and other States must soon follow. prevent fraud the Geological 
Survey has copyrighted and authorized the use the brand “Permis- 
sible Explosive, Testing Station, Pittsburg, Pa.,” placed 
all boxes packages containing listed permissible explosives. 

these tests clearly demonstrate, both the records thereof 
and visually such follow them, certain explosives, especially 
those which are slow-burning like black powder, produce high tem- 
peratures connection with comparative slow burning, will ignite 
mixtures gas and air, mixtures coal dust and air, and cause 
explosions. The results point out clearly all concerned, the danger 
using such explosives. The remedy also made available the 
announcement the names large number explosives now 
the market reasonable cost, which will not cause explosions un- 
der these conditions. believed that when permissible explosives 
are generally adopted coal mines, this source danger will have 
been greatly minimized. 

Explosives have arisen the part 
miners mine operators the greater cost using permissible 
explosives due their expense, which slightly excess that 
other explosives; their greater shattering effect break- 
ing down the coal, and giving smaller percentage lump and 
larger percentage slack; and the possible danger breath- 
ing the gases produced. 

Observations made mines Mr. Rutledge, experienced 
coal miner and mining engineer connected with the Geological 
Survey, the amount coal obtained the use permissible 
and other explosives, tend indicate that the permissible explosives 


Papers 


are 
fact 
req 
deton 
than 

gas, 
certa 
powe 
quan 
Thes 


mois 
slow 
expl 
mat 
and 
erat 
pow 
for 
apt 
the 
wei 
the 


INVESTIGATIONS MINE ETC. 375 


are not more, but perhaps less expensive than others, view the 
fact that, because their greater relative power, smaller quantity 
required the work than the case, say, with black powder. 
the other hand, for safety and for certainty detonation, stronger 
detonators are recommended for use with permissible explosives, pref- 
erably electric detonators. These may cost few cents more per blast 
than the squib fuse, but there danger that they will ignite the 
gas, and the difference cost is, some measure, offset the greater 
certainty action and the fact that they produce much more 
powerful explosion, thus again permitting the use still smaller 
quantities the explosive and, consequently, reducing the cost. 
These investigations are still progress. 

Concerning the shattering the coal: This being remedied 
some the permissible explosives the introduction dopes, 
moisture, other means slowing down the disruptive effect, 
produce the heaving and breaking effect obtained with the 
slower-burning powders instead the shattering effect produced 
dynamite. There every reason believe that the permissible 
explosives are perfected, and experience develops the proper methods 
using them, this difficulty will overcome large measure. This 
matter also being investigated the Survey mining engineers 
and others, the actual use ‘such explosives coal-mining op- 
erations. 

the gases given off explosives, those resulting from black 
powder are accompanied considerable odor and smoke, and, conse- 
quently, the miners back more slowly after the shots, allowing time 
for the gases dissipated the ventilation. With the permissible 
explosive, the miner, smoke and observing little odor, 
apt incautious, and think that may run back immediately. 
more learned the use these explosives, this source danger, 
which is, however, inconsiderable, will diminished. Table gives 
the percentages the gaseous products combustions from equal 
weights black powder and two the permissible explosives. 
the latter, one represents the maximum amount injurious gases, 
and the other the minimum amount, between which limits the per- 
missible explosives approximately vary. 

Such noxious gases may produced the discharge the 
explosive, are diluted much larger volume air, and are prac- 
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tically harmless, proven actual analysis samples taken 
the face immediately after discharge. 


PERMISSIBLE EXPLOSIVES. 
powder 
Maximum. Minimum. 
22.8 14.50 21.4 


addition investigations explosives for use coal min- 
ing, the Explosives Section the Geological Survey analyzes and 
tests all such materials, fuses, caps, purchased the Isthmian 
Canal Commission, well many other kinds used the Govern- 
ment. thus acquiring large fund useful information, which 
will published from time time, relative the kinds explosives 
and the manner using them best suited any blasting operations, 
either above under water, hard rock, dirt, coal. There 
about issued from the press, primer explosives,* Mr. 
Clarence Hall, the engineer charge these tests, and Professor 
Munroe, Consulting Explosives Chemist, which contains large 
amount valuable fundamental information, simply expressed 
easily understandable coal miners, and yet sufficiently de- 
tailed valuable guide all persons who have handle 
use explosives. 

the first chapters are described the various combustible sub- 
stances, and the chemical reactions leading their explosibility. The 
low and high explosives are differentiated, and the sensitiveness 
fulminate mercury and other detonators clearly pointed out. 
The various explosives, such gunpowder, black blasting powder, 
potassium chlorate powders, nitro-glycerine powders, are described, 
and their peculiarities, and suitability for different purposes, are set 
forth. The character and method using the different explosives, 
both opening work and enclosed work coal mines, follow, 
with information the proper method handling, transporting, 


Primer Explosives,” Munroe and Clarence Hall. Bulletin No. 423, 
Geological Survey, Washington, C., 1909. 
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storing, and thawing the same. Then follow chapters squibs, fuses, 
and detonators; methods shooting coal off the solid; location 
bore-holes; undercutting; and the relative advantages small 
and large charges, with descriptions proper methods loading and 
firing the same. The subjects explosives for blasting rock, firing 
machines, blasting machines, and tests thereof, conclude the report. 

The work the chemical laboratory which explosives are an- 
alyzed, and which mine gases and the gases produced com- 
bustion explosives and explosions coal-gas coal dust are 
studied, has been the most fundamental and important character. 
The Government procuring confidential record the chemical 
composition and mode manufacture all explosives, fuses, etc., 
which are the market. This information cannot but add greatly 
the knowledge the chemistry explosives for use mines, 

and will furnish the basis which remedial measures may devised. 

bulletin (shortly press) which gives the details the 
physical tests the permissible explosives thus far tested, 
forth elaborately the character the testing apparatus, and the 
method use and computing results.* 

This bulletin contains chapter, Mr. Rutledge, setting forth 
detail the results his observations the best methods using 
permissible explosives getting coal from various mines which 
they are used. This information will most valuable guiding 
mining engineers who desire adopt the use permissible explosives, 
the best methods handling them. 

Electricity Mines.—In connection with the use electricity 
mines, complete series tests has been made all enclosed 
electric fuses, whether not they will ignite explosive 
mixture air and gas when blown out. The results this work, 
which under the direction Mr. Clark, Electrical Engineer 
for Mines, have been furnished the manufacturers for their guidance 
perfecting safer fuses. series tests the ability the in- 
sulation electric wiring withstand the attacks acid mine 
waters progress, which will lead, hoped, the development 

more permanent and cheaper insulation for use mine wiring. 
series competitive tests enclosed motors for use mines 


Bulletin No. Geological Survey, Washington, 
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has been announced, and progress, the object being determine 
whether not sparking from such motors will cause explosion 

the grounds outside Building No. large. steel gal- 
lery, much shorter than Gallery No. fact, but ft. length, 
and much greater diameter, namely, ft., which electric motors, 
electric cutting machines, and similar apparatus, are being tested 
the presence explosive mixtures gas and dust and with 
large amperage and high voltage, such may used the largest 
electrical equipment mines. 

The investigation the ability insulation withstand the 
effects acid mine waters has been very difficult and complicated. 
first was believed possible that mine waters from nearby Penn- 
sylvania mines and known percentages acidity could procured 
and kept immersion tank approximately any given per- 
centage strength. This was found impracticable, these 
waters seem undergo rapid change the moment they are exposed 
the air are transported, addition the changes wrought evap- 
oration the tank. has been necessary, therefore, analyze 
and study carefully these waters with view reproducing them arti- 
ficially for the purpose these tests. Concerning the insulation, deli- 
cate questions have arisen standard durability which shall 
commensurate with reasonable cost. These preliminary points are be- 
ing solved conference with the manufacturers, and expected 
that the results will soon published. 

Safety-Lamp so-called safety lamps are 
the market, and preliminary tests them have been made the 
lamp gallery, Building No. 17. After nearly year endeavor 
calibrate this gallery, and co-ordinate its results with those pro- 
duced similar galleries Europe, this preliminary inquiry has 
been completed, and the manufacturers and agents all safety 
lamps have been invited present tests their products 
the Pittsburg laboratory. 

dated November 19th, 1909, contains outline these 
tests, which are conducted under the direction Mr. 
Paul, experienced coal-mining engineer and ex-Chief the De- 
partment State Mine Inspection West Virginia. The lamps will 
subjected the following tests: 


] 
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(a).—Each lamp will placed mixture air and explosive 
natural gas containing and 10% gas, moving velocity 
from 200 2500 ft. per min., determine the velocity the 
air current which will ignite the mixture surrounding the lamp. 
The current will made move against the lamp horizontal, 
vertical ascending, and vertical descending direction, and angle 
45°, ascending and descending. 

(b).—After completing the tests herein described, the lamps will 
subjected the tests described under (a), with the air and gas 
mixture under pressure in. water column. 

the conditions outlined (a), coal dust will in- 
troduced into the current air and gas determine its effect, any, 
inducing the ignition the gas mixture. 

lamp will placed mixture air and varying 
percentages explosive natural gas determine the action the 
gas the flame the lamp. 

lamp will placed mixture air and vary- 
ing percentages carbonic acid gas determine the action the 
gas the flame. 

(f).—Lamps equipped with internal igniters will placed ex- 
plosive mixtures air and gas quiet state and moving cur- 
rent, and the effect the igniter the surrounding mixture will 
observed. 

(g).—The oils (illuminants) used the lamps will tested 
viscosity, gravity, flashing point, congealing point, and composition. 

(h).—Safety-lamp globes will tested placing each globe 
position the lamp and allowing the flame impinge against the 
globe for min. after the lamp has been burning with full flame 
for min., determine whether the globe will break. 

safety-lamp globe will mounted lighted lamp 
with up-feed, and placed for min. explosive mixture air and 
gas moving the rate 1000 ft. per min., determine whether the 
heat will break the glass and, broken, note the character 
the fracture. 

globes will broken impact, allowing 
each globe fall and strike, horizontally, block seasoned 
white oak, the distance fall being recorded. 

(k).—Each safety lamp globe will mounted safety lamp 
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and, when the lamp horizontal position, steel pick weighing 
100 grammes will permitted fall sufficient distance break 
the globe striking its center, the distance the fall re- 
corded. 

determine the candle-power safety lamps, 
meter equipped with standardized lamp will used. The candle- 
power will determined along line right angles the axis 
the flame; also along lines angles the axis the flame both 
above and below the horizontal. The candle-power will read after 
the lamp has been burning min. 

(m).—The time safety lamp will continue burn with full 
charge illuminant will determined. 

(n).—Wicks lamps must sufficient length all 
times contact with the bottom the vessel which the illum- 
inant contained, and, before used, the wick shall dried 
remove moisture. 

Mine-Rescue Paul, who has had perhaps wide 
experience any mining man the investigation and rescue 
work mine disasters, also charge the mine-rescue ap- 
paratus and training for the Geological Survey. These operations 
consist chiefly thorough test the various artificial breathing 
apparatus, so-called oxygen helmets. Most these are European 
make and find favor Great Britain, Belgium, France, Germany, 
largely according they are domestic design and manufacture. 
yet nothing has been produced the United States which ful- 
all the requirements thoroughly efficient and safe breath- 
ing apparatus for use mine disasters. 

the Pittsburg testing station there are number all kinds 
apparatus. The tests these are determine ease use, re- 
pair, durability, safety under all conditions, period during which the 
supply artificial air oxygen can relied on, and other essential 
data. 

addition the central testing station, sub-stations for train- 
ing miners, and headquarters for field investigation the 
causes mine disasters and for rescue work the more danger- 
ous coal fields, have been established: Urbana, charge 
Mr. Williams, Mining Engineer; Knoxville, Tenn., 
charge Mr. Jones, Assistant Mining Engineer; and 
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Seattle, Wash., charge Mr. Hugh Wolflin, Assistant Mining 
Engineer. Others may soon established Colorado and Okla- 
homa, charge skilled mining engineers who have been trained 
this work Pittsburg, and who will assisted trained 
miners. not expected that under any but extraordinary cir- 
cumstances, such those occurred Cherry, the few 
Government rescue men, located widely scattered points throughout 
the United States, can hope save the lives miners after disaster 
rule, all who are alive the mine such occasion, 
are killed within few minutes. This almost invariably the case 
after dust explosion, and likely true after gas explosion, 
although fire such that Cherry, IIl., offers the greatest opportu- 
nity for subsequent successful rescue operations. The most hoped 
for from the Government engineers that they shall train miners and 
available assist and advise State inspectors and mine owners, 
should their services called for. 

should borne mind that the Federal Government has 
police duties the States, and that, therefore, its employees may not 
direct operations have other responsible charge the enforcement 
State laws. There little reason doubt that these Federal 
mining engineers, both because their preliminary education min- 
ing engineers and their subsequent training charge mine opera- 
tions, and more recently mine-accidents investigations and rescue 
work, are eminently fitted furnish advice and assistance such 
The mere fact that, within year, some these men 
have been present at, and assisted in, rescue work opening 
after disasters at.nearly twenty such catastrophes, whereas the 
average mining engineer superintendent may connected with but 
one lifetime, should make their advice and assistance supreme 
value such occasions. They cannot held any way respon- 
sible for tardiness, however, nor unduly credited with effective 
measures taken after mine disaster, because their lack respon- 
sible authority charge, except occasional instances where such 
may given them the mine owners the State officials, from 
reliance their superior equipment for such work. 

Successful rescue operations may only looked for when the 
time, now believed not far distant, has been reached when the 
mine operators throughout the various fields will have their own 
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rescue stations, the practice Europe, have available, certain 
strategic mines, the necessary breathing apparatus, and have their 
employ skilled miners who have been trained rescue work the 
Government stations. Then, the occurrence disaster, the en- 
gineer charge the Government station may notify wire all 
those who have proper equipment training assemble, and may 
possible gather, within hour two disaster, sufficiently 
large corps helmet-men enable them recover such persons 
have not been killed before the fire—which usually started 
the explosion—has gained sufficient headway prevent entrance into 
the mine. Without such apparatus, essential that the fans 
started, and the mine cleared gas. The usual effect this 
give life any incipient fire. With the apparatus, the more dense 
the gas, the safer the helmet-men are from secondary explosion 
from the rapid ignition fire, because the absence the 
oxygen necessary combustion. 

The miners who were saved Cherry, November 20th, 
1909, owe their lives primarily the work the Government’s 
rescue corps. The sub-rescue station the Survey Urbana, 
was promptly notified the disaster the afternoon November 
13th. Arrangements were immediately made, whereby Mr. 
Williams, Mining Engineer Charge, and his Assistant, Mr. 
Webb, with their apparatus, were rushed special train the scene, 
arriving early the following day (Sunday). 

Chief Mining Engineer, George Rice; Chief Rescue 
Paul, and Assistant Engineer, Morris, learned the 
disaster through the daily press, their homes Pittsburg, Sun- 
day. They left immediately with four sets rescue apparatus, 
reaching Cherry Monday morning. Meantime, Messrs. Williams 
and Webb, equipped with oxygen helmets, had made two trips into the 
shaft, but were driven out the heat. Both shafts were shortly 


resealed with view combating the fire, which had now made con- 
siderable headway. 


The direction the operations Cherry, was, right jurisdic- 
tion, charge the State Mine Inspectors Illinois, whose solici- 
tation the Government engineers were brought into conference 
the proper means follow effort get into the mine. The 
disaster was not due explosion coal gas, but was the re- 
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sult fire ignited hay, the stable within the mine. The 
flame had come through the top the air-shaft, and had disabled 
the ventilating fans. rescue corps twelve men, unprotected 
artificial breathing apparatus, had entered the mine, and all had 
been killed. When the shafts were resealed Monday evening, the 
15th, small hole was left for the insertion water-pipe hose. 
During the afternoon and evening, sprinkler was rigged up, and, 
Tuesday morning, was successful operation, the temperature 
the shaft that time being 109° Fahr. After the temperature had 
been reduced about 100°, the Federal engineers volunteered de- 
into the shaft and make exploration. The rescue party, 
equipped with artificial breathing apparatus, consisting Messrs. Rice, 
Paul, and Williams, made exploration near the bottom the air- 
shaft and located the first body. After they had returned the sur- 
face, three the State Inspectors, who had previously re- 
ceived training the Government engineers the use the rescue 
apparatus, including Inspectors Moses and Taylor, descended, made 
tests the air, and found that with the fan running slowly, was 
possible work the shaft. The rescue corps then took hose down 
the main shaft, having first attached fire engine belonging 
the Chicago Fire Department. Water was directed the fire the 
bottom the shaft, greatly diminishing its force, and was soon 
subdued sufficiently permit the firemen enter the mine without 
the protection breathing apparatus. 

Unfortunately, these operations could pursued only under the 
most disadvantageous circumstances and surrounded the greatest 
possible precautions, due the frequent heavy falls roof—a re- 
sult the heating the mine fire—and the presence large 
quantities black-damp. All movements unprotected rescuers had 
preceded exploration the trained rescue corps, who an- 
alyzed the gases, the fire still continued burn, and watched 
closely for falls, possible explosions, revival the fire. While 
the heavy work shoring and removing bodies was being carried 
the unprotected rescue force, the helmet-men explored the more 
distant parts the mine, and Saturday afternoon, November 20th, 
one week after the disaster, room was discovered which number 
miners, with great presence mind, had walled themselves 
order keep out the smoke and heat. From this room living men 
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were taken, whom were recovered helpless condition, 
the helmet-men. 

This not the first time this Government rescue corps has per- 
formed valiant services. Directly and indirectly the members have 
saved from fifteen twenty lives the short time they have been 
organized. the Marianna, Pa., disaster, the corps found one man 
still alive among 150 bodies, and was brought the surface. re- 
covered entirely after month the hospital. 

the Leiter mine, Zeigler, two employees, who had been 
trained the use the oxygen helmets members the Govern- 
ment’s corps, went down into the mine, following explosion, and 
brought one man the surface, where they resuscitated him. 

Equally good service, either actual rescue operations, 
explorations after mine disasters, fire-fighting, has been rendered 
this the Darr, Star Junction, Hazel, Clarinda, Sewickley, 
Berwind-White No. 37, and Wehrum, Pa., mine disasters; Monon- 
gah and Lick Branch, Va.; Deering, Sunnyside, and Shelburn, 
Ind., Jobs, Ohio, and Roslyn, Wash. 

Explosives rooms grouped the south end 
Building No. 21, Pittsburg, are occupied laboratory for the 
chemical examination and analysis explosives, and are charge 
Mr. Snelling. 

Samples all explosives used the testing gallery, ballistic pen- 
dulum, pressure gauge, and other testing apparatus, are here sub- 
jected chemical analysis order determine the component ma- 
terials and their exact percentages. Tests are also made determine 
the stability the explosive, its liability decompose various 
temperatures, and other properties which are importance show- 
ing the factors which will control the safety the explosive during 
transportation and storage. 

the investigation all explosives, the first procedure 
tative examination determine what constituents are present. Owing 
the large number and inorganic compounds which enter 
into the composition explosive mixtures, this examination must 
thorough. Several hundred chemical bodies have been used ex- 
plosives different times, and some these materials can separated 
from others with which they are mixed only the most careful and 
exact methods chemical analysis. 
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Following the qualitative examination, method selected for the 
separation and weighing each the constituents previously found 
present. These methods, course, vary widely, according the 
particular materials separated, being usually necessary 
devise special method analysis for each explosive, unless 
found, the qualitative analysis, similar some ordinary ex- 
plosive, which case the ordinary method analysis that ex- 
plosive can carried out. Most safety powders require special treat- 
ment, while most grades dynamite and all ordinary forms black 
blasting powder are readily analyzed the usual methods. 

The examination black blasting powder has been greatly facili- 
tated and, the same time, made considerably more accurate, 
means densimeter devised this laboratory. this apparatus 
Torricellian vacuum used means displacing the air sur- 
rounding the grains powder, and through very simple manipulation 
the true density black powder determined with high degree 
accuracy. Building No. there apparatus for separating 
grading the sizes black powder. 

means two factors, the moisture coefficient and the hygro- 
coefficient, which have been worked out this laboratory, 
number important observations can made black powder, 
determining the relative the graphite coating resist 
moisture, and also means judging the thoroughness with which 
the components the powder are mixed. The moisture coefficient 
relates the amount moisture which taken the grains 
the powder definite time under standard conditions satura- 
tion; and the hygroscopic coefficient relates the affinity the con- 
stituents the powder for moisture under the same standard con- 
ditions. 

Besides the examination explosives used the testing station, 
those for the Reclamation Service, the Isthmian Canal Commission, 
and other divisions the Government, are also inspected and an- 
alyzed the explosives laboratory. the present time, the Isthmian 
Canal Commission probably the largest user explosives the 
world, and samples used its work are inspected, tested, and an- 
alyzed this laboratory, and the branch laboratories Gibbstown 
and Pompton Lakes, J., and Xenia, Ohio. 

Aside from the usual analysis explosives for the Isthmian 
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Canal Commission, special tests are made determine the liability 
the explosive exude nitro-glycerine, and deteriorate unfavor- 
able weather conditions. These tests are necessary, because the 
warm and moist climate the Isthmus Panama. 

Gas and Dust Gallery No. 1—Gallery No. cylindrical form, 
100 ft. long, and has minimum internal diameter ft. con- 
sists fifteen similar sections, each ft. long and built in-and- 
out courses. The first three sections, those nearest the concrete head, 
are boiler-plate steel, the remaining twelve sections are 
boiler-plate steel, and have tensile strength of, least, 
per sq. in. Each section has one release pressure door, centrally 
placed top, equipped with rubber bumper prevent its destruc- 
tion when opened quickly. use, this door may either closed 
and unfastened, closed and fastened stud-bolts, left open. Each 
section also equipped with one plate-glass window, 
in., centrally placed the side the gallery (Fig. and Figs. and 
Plate XLIX). The sections are held together lap-joint. 
each lap-joint there is, the interior the gallery, 24-in., circular, 
angle iron, the face which paper diaphragm may placed 
and held position semicircular washers, studs, and wedges. These 


paper diaphragms are used assist confining gas-and-air mix- 
ture. 


Natural gas from the mains the City Pittsburg used 
represent that found the mines actual analysis. 


typical 
analysis this gas follows: 


Carbon dioxide 


The volume gas used measured accurate test meter reading 
one-twentieth cubic foot. The required amount admitted 
near the bottom, one more the 20-ft. divisions the gallery, 
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from 2-in. pipe, ft. long. The pipe has perforations arranged 
that equal flow gas maintained from each unit length. 
Each 20-ft. division the gallery further equipped with 
exterior circulating system, shown Fig. thus providing 
efficient method mixing the gas with the air. For the first divi- 
sion this circulating system stationary, portion the piping being 
equipped with heating coils for maintaining constant temperature. 
The other divisions have common circulating system mounted 
truck which may used any these divisions. Valves are 


provided for isolating the fan that possible explosion will not 
injure it. 


2 Inches 


the center section each division indicator cock which 
used provide means recording pressures above and below atmos- 
pheric, sampling the air-and-gas mixture. The first division 
the gallery equipped with shelves laterally the support 
coal dust. 

The cannon which the explosive fired placed the concrete 
head, the axial line the bore-hole being coincident with that the 
gallery. This cannon (Fig. similar that used the ballistic 
pendulum. The charge fired electrically from the observation room. 
minimize the risk loading the cannon, the charger carries his 
pocket the plug stage switch (the only plug its kind the 
ground), that impossible complete the circuit until the 
charger has left the gallery. That portion the first division the 
gallery which not embedded concrete, has 3-in. covering made 
blocks magnesia, asbestos fiber, asbestos, cement, thin layer 
duck, and strips water-proof roofing paper, the whole being 
covered with thick coat graphite paint. The object this cover- 
ing assist maintaining constant temperature. 
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The entire gallery rests concrete foundation ft. wide, which 
has maximum height ft. and minimum height ft. 
The concrete head which the cannon placed completely 
closes that end the gallery. narrow drain extends under the 
entire length the gallery, and tapped hole the bottom each 
section provides efficient means drainage. 
The buildings near the gallery are protected two barricades near 
the open end, each ft. high and ft. long. back-stop, con- 
sisting swinging steel plate, ft. high and ft. long, ft. from 


the end the gallery, prevents any the stemming from doing 
damage. 


Tests are witnessed from observation room, protected position 
about ft. from the gallery. The walls the room are in. thick, 
and the line vision passes through plate glass, in. wide 
and ft. long, and further confined two external guards, each 
ft. long and ft. wide. 

this gallery series has been undertaken 
determine the amount moisture necessary with different coal dusts, 


order reduce the likelihood coal-dust explosion from blown- 
out shot one the dangerous types explosives. 

Coal dust taken from the roads one the coal mines the 
Pittsburg district required least 12% water prevent igni- 
tion. has also been proven that the finer the dust the more water 
required, and when was 100-mesh fine, 30% water was required 
prevent its ignition the flame blown-out shot direct con- 
tact. The methods now used sprinkling have been proven entirely 
insufficient for thoroughly moistening the dust, and hence are un- 
reliable preventing general dust explosion. 

this station successful experiments have been carried out 
using humidifiers moisten the atmosphere after the temperature 
the air outside the gallery has been raised mine temperature and 
drawn through the humidifiers. has been found that relative 
humidity 90%, temperature 60° Fahr., maintained for 
hours, simulating summer conditions mine, the absorption 
moisture the dust and the blanketing effect the humid air pre- 
vent the general ignition the dust. 

These humidity tests have been run Gas and Dust Gallery No. 
with special equipment consisting Koerting exhauster having 
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capacity 240000 cu. ft. per hour, which draws the air out the 
gallery through the first doorway, that next the concrete head 
which the cannon embedded. 

The other end the gallery closed means brattice cloth 
and paper diaphragms, the entire gallery being made practically air- 
tight. The air enters the fifteenth doorway through box, passing over 


steam radiators increase its temperature, and then through the 
humidifier heads. 


APPARATUS. 


There exposed woodwork Building No. 17, which 
ft., two stories high, and substantially constructed heavy stone 
masonry, with slate roof. The structure within entirely fire-proof. 
Iron columns and girders, and wooden girders heavily encased 
cement, support the floors which are either cement slab construction 
wooden flooring protected expanded metal and cement both 
above and beneath. one end, the ground floor, the exposing 
and recording apparatus for flame tests explosives, also pressure 
gauges, and calorimeter, and, the other end, gallery for testing 
safety lamps. 

The larger portion the second floor occupied gas-tight train- 
ing room for rescue work, and audience chamber, from which per- 
sons interested such work may observe the methods procedure. 
storage room for rescue apparatus and different models safety 
lamps also this floor. 

The disruptive explosives determined three ways, 
namely, the pendulum, the Bichel pressure gauge, and 
lead blocks. 

Ballistic Pendulum.—The disruptive force explosives, tested 
the ballistic pendulum, measured the amount oscillation. 
The standard unit comparison charge lb. 40% nitro- 
glycerine dynamite. The apparatus consists essentially 12-in. 
mortar (Fig. Plate XLIX), weighing 31600 and suspended 
pendulum from beam having knife-edges. steel cannon 
mounted truck set track laid line with the direction 
the swing the mortar. the time firing the cannon may 
placed from the muzzle the mortar. The beam, from which 
the mortar suspended, rests concrete walls, 120 in. the 
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base and 139 in. high. top each wall 1-in. base-plate, 
in., anchored the wall §-in. bolts, in. long. The knife-edges 
rest bearing-plates placed these base-plates. The bearing-plates 
are provided with small grooves for the purpose keeping the knife- 
edges oil and protected from the weather. The knife-edges are 
each in. long, deep from point back, in. wide the back, 
and taper 50° with the horizontal, starting line in. from the 
back. The point rounded conform radius in. The back 
each in. longer than the edge, making total length in., 
and in. deep and in. wide. This shoulder gives bolting surface 
the beam from which the mortar hung. The beam solid 
steel, has 8-in. section, and in. long. Heavy steel castings 
are bolted take the threads the machine-steel rods which 
form the saddles which the mortar suspended. The radius 
the swing, measured from the point the knife-edges the center 
the trunnions, in. 

The cannon consists two parts, jacket and liner. The jacket 
in. long, has external diameter in., and internal diameters 
and in. made the best cast steel Vanadium steel. 

The liner in. long, with 1-in. shoulder, in. from the 
back, changing the diameter from in. The bore smooth, 
being in. diameter and 213 in. long. The cannon rests 
4-wheel truck, which well braced straps and rods. track 
30-in. gauge extends about ft. from the muzzle the mortar 
the bumper for the cannon. 

The shot fired electric firing battery, from the first floor 
Building No. 17, about yd. away. insure the safety the 
operator and the charger, the man who loads the cannon carries 
safety plug without which the charge cannot exploded. The wires 
for connecting the fuse after charging are placed conveniently, and 
the safety plug then inserted box the end the west wall. 
The completion the firing battery the switch the firing place 
indicated the flashing red light, after which all that neces- 
sary set off the charge press button the battery. 
automatic recording device the back the mortar records the length 
swing which, vernier, may read in. 

Bichel Pressure Gauges.—Pressure gauges are constructed for the 
purpose determining the unit disruptive force explosives detonat- 
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ing different rates velocity, measuring pressures developed 
enclosed space from which the generated gases cannot escape. The 
stout steel cylinder, which may made abso- 
lutely air-tight; air-pump and proper connections for exhausting 
the air the cylinder pressure equivalent mm. mercury; 
insulated plug for providing the means igniting the charge; 
valve which the gaseous products combustion may removed 
for subsequent analysis; and indicator drum (Fig. Plate with 
proper connections for driving determinable speed. 

This apparatus the southeast corner Building No. 17. The 
314 in. long, in. diameter, and anchored solid 
concrete footing convenient height for handling. The explosion 
chamber in. long and in. diameter, with capacity 
exactly liters. The cover the cylinder heavy piece steel 
held place stout screw-bolts and heavy steel clamp. 

The charge placed small wire tripod, and connections are 
made with fuse firing battery for igniting the charges. 
The cover drawn tight, with the twelve heavy bolts against lead 
washers. The air the cylinder exhausted mm., mercury 
column, order approach more closely the conditions stemmed 
charge exploding bore-hole inaccessible air; the indicator drum 
placed position and set motion; and, finally, the shot fired. 
The record shown the indicator card rapidly ascending curve 
for quick explosives and shallower, slowly rising curve for explosives 
slow detonation. When the gases cool, the curve merges into 
straight line, which indicates the pressures the cooled gases the 
sides the chamber. 

Since the ratio the volume the cylinder the volume the 
charge may computed, the pressure the eonfined charge may also 
found, and this pressure often exceeds 100000 per sq. in. The 
cooling effect the inner surface the gaseous products combus- 
tion, vital point computations the disruptive force explosives 
this method, determined comparing the pressures obtained 
the original cylinder with those second larger capacity, 
into which has been inserted one more steel cylinders increase the 
superficial area while keeping the volume equal that the first 
cylinders. comparing results, curve may plotted, which will 
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determine the actual pressures developed with the surface-cooling effect 
eliminated. 

Trauzl Lead lead-block test the method adopted 
the Fifth International Congress Applied Chemistry the standard 
for measuring the disruptive force explosives. The unit this 
test defined the force required enlarge the bore-hole the 
block amount equivalent that produced grammes 
standard 40% nitro-glycerine dynamite stemmed with grammes 
dry sand under standard conditions produced with the tamping 
device. The results this test, when compared with those the 
Bichel gauge, indicate that, for explosives high detonation, the 
lead block quite accurate, but for slow explosives, such gunpowder, 
the expansion the gases not fast enough make comparative 
results value. The reason for this that the gases escape through 
the bore the block rather than take effect expanding the bore-hole. 

The lead blocks are cylindrical, 200 mm. diameter, and 200 mm. 
high. Each has central cavity, mm. diameter and 125 mm. 
deep (Fig. Plate which thé charge placed. The blocks 
are made desilverized lead the best quality, and, nearly 
possible, under identical conditions. The charge placed the 
cavity and prepared for detonation with electrical exploder and 
stemming. After the explosion the bore-hole pear-shaped, the size 
the cavity depending, not only the disruptive power the ex- 
plosive, but also its rate detonation, already indicated. The 
size the bore-hole measured filling the cavity with water from 
burette. The difference the capacity the cavity before and after 
detonation indicates the enlarging power the explosive. 

Calorimeter.—The explosion designed measure the 
amount heat given off the detonation explosive charges 
100 grammes. The apparatus consists the calorimeter bomb (Fig. 
Plate LI), the inner receiver immersion vessel, wooden tub, 
registering thermometer, and hocking frame. This piece apparatus 
stands the east side Building No. 17. 

The bottle-shaped bomb made 4-in. wrought steel, and has 
liters. opposite sides near the top are bored aper- 
tures, one for the exhaust valve for obtaining partial vacuum (about 
mm., mercury column) after the bomb has been charged, the other 
for inserting the plug through which passes the fuse wire for igniting 
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the charge. The bomb closed with cap, which the chamber may 
made absolutely air-tight. in. high with the cap on, weighs 
158 and handled and from the immersion vessel small 
crane. 

The inner receiver made sheet copper, in. deep, and 
with inner diameter in. nickel-plated and strengthened 
the outside with bands copper wire, and its capacity about 
liters. The outer tub made 1-in. lumber strengthened with 
four brass hoops the outside. in. deep, and its inner 
diameter in. 

The stirring device, operated vertically electric motor, 
consists small wooden beam connected system three rings 
having horizontal bearing surface. When the apparatus put 
together, the inner receiver rests standard top the base 
the outer tank, and the rings the stirring device are run between 
the bomb and the inner receiver. The bomb itself rests small 
standard placed the bottom the inner receiver. The apparatus 
provided with snugly fitting board cover. The bomb charged from 
the top, the explosive being suspended its center. The air ex- 
hausted the desired degree rarification. The caps are then screwed 
on, and the apparatus set together described. 

The apparatus assembled scales and weighed before the water 
poured and after the receiver filled. From the weight the 
water thus obtained and the rise temperature, the calorific value may 
computed. The charge exploded electricity, while the water 
being stirred. The rise the temperature the water read 
magnifying glass, from thermometer which measures temperature 
differences 0.01 degrees. From the readings obtained, the maximum 
temperature explosion may determined, according certain 
formulas for experiments. Proper corrections are made 
for the effects, the temperature readings, the formation the 
products combustion, and for the heat-absorbing power the 
apparatus. 

Impact Building No. 17, the south side, 
impact machine designed gauge the sensitiveness explosives 
shock. For this purpose, drop-hammer, constructed meet the 
following requirements, used: substantial, unyielding foundation; 


minimum friction the guide-grooves; and escape scattering 
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the explosive when struck the falling weight. This machine 
modeled after one used Germany, but much improved details 
construction. 

The apparatus, Fig. Plate LIV, consists essentially the follow- 
ing parts: endless chain working vertical path and provided 
with lugs; steel anvil which the charge explosive held 
steel stamp; demagnetizing collar moving freely vertical guides 
and provided with jaws placed that the lugs the chain may 
engage them; steel weight sliding loosely vertical guides and 
drawn the demagnetizing collar determinable heights when the 
machine operation; second demagnetizing collar, which may 
set known heights, and provided with release for the jaws the 
first collar; and recording device geared 
threaded rod which raises lowers, sets the second demagnetizing 
collar, and thus determines the height fall the weight. this 
apparatus the weight may lifted different known heights, and 
dropped the steel stamp which transmits the shock the explosive. 
The fall necessary explode the sample thus determined. 

The hammers are varying weight, the one generally used weighing 
2000 grammes. the sensitiveness explosive influenced 
temperature changes, water 25° cent. allowed flow through the 
anvil order keep its temperature uniform. 

Flame apparatus, Fig. Plate LI, designed measure 
the length and duration flames given off explosives, placed 
the northeast corner Building No. 17. consists essentially 
cannon, photographing device, and drum geared for high speed, 
which sensitized film may attached. 

About ft. outside the wall Building No. 17, set concrete 
footing, cannon pointing vertically into encasing cylinder 
stack, ft. high and in. diameter. This cannon duplicate 
the one used for the ballistic pendulum, details which have 
already been given. The stack cylinder boiler plate, 
twenty-four sections, and absolutely tight against light the base 
and the sides. connected with dark room Building No. 
light-tight conduit rectangular section, in. wide, horizontal 
the bottom, and sloping the top from height ft. the 
stack in. the inside the wall the building. 

The conduit carefully insulated from the light all joints, and 
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riveted the stack. vertical slit, in. wide and ft. long, coin- 
cident with the center line the conduit, cut the stack. verti- 
cal plane drawn through the center line the bore-hole the cannon 
and that the slit, produced, intersects the center line quartz 
lens, and coincides with the center stenopaic slit and the axis 
the revolving drum carrying the film. The photographing apparatus 
consists shutter, quartz lens, and stenopaic slit, 1.7 mm., 
between the lens and the sensitized film the rotary drum. The 
quartz lens used because will focus the ultra-violet rays, which are 
those attending extreme heat. 

The drum em. circumference and deep. driven 
220-volt motor connected tachometer which reads both meters 
per second and revolutions per minute. maximum peripheral speed 
per sec. may obtained. 

When the cannon charged, the operator retires the dark room 
which the recording apparatus located, starts the drum, obtains 
the desired speed, and fires the shot means battery. When 
developed, the film shows blur certain dimensions, produced 
the flame from the charge. From the two dimensions—height and 
lateral displacement—the length and duration the flame the 
explosive are determined. 

The results flame tests permissible explosive and test 
black blasting powder, all shot without stemming, are shown 
Fig. Plate LII. this test, the speed the drum carrying the 
black powder negative was reduced one sixty-fourth that for the 
permissible explosives, order that the photograph might come within 
the limits the negative. other words, the duration the black 
powder flame, shown, should multiplied for comparison 
with that the permissible explosive, which from 3500 4000 
times quicker. 

Apparatus for Measuring Rate rate which 
detonation travels through given length explosive can 
measured apparatus installed and near Building No. 17. Its 
most essential feature recording device, with electrical connec- 
tion, which very small time intervals can measured with great 
exactness. 

The explosive placed sheet-iron tube about in. diame- 
ter and ft. and suspended cords pit, ft. deep and 
ft. diameter. This pit was once used the well gas tank, 
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Fig. Plate LI. adapting the pit its new use, the tank was cut 
two; the top half, inverted, was placed the pit bed 
saw-dust, and the space between the tank and the masonry walls 
the pit was filled with saw-dust. The cover the pit consists heavy 
timbers framed together and overlaid layer concrete 
six Four straps extend over the top and down 
eight “dead men” planted about ft. below thé surface the 
ground. 

The recording device, known the Mettegang recorder, Fig. 
Plate comprises two sparking induction coils and rapidly revolv- 
ing metallic drum driven small motor, the periphery the drum 
having thin coating lampblack. vibration tachometer which 
will indicate any speed between and 150 rev. per sec., directly 
connected the drum, that any chance error slipping 
eliminated. The wires leading the primary coils the sparking 
coils pass through the explosive meter more apart. Wires lead 
from the secondary coils two platinum points placed fraction 
millimeter from the periphery the drum. separate circuit pro- 
vided for the firing lines. 

making test, the separate cartridges, with the paper trimmed 
from the ends, are placed, end end, the sheet-iron tube; the drum 
given the desired peripheral speed, and the charge exploded. The 
usual length between the points the tube m., and the time 
required for the detonation charge that length shown the 
distance between the beginning two rows dots the drum made 
the sparks from the secondary coil circuits, the dots starting the 
instant the primary circuits are broken the detonation. one end 
the drum are gear teeth, mm. apart centers, which can made 
engage worm revolving pointer front dial graduated 
hundredths; means this and filar eyepiece, the distance 
between the start the tWo rows spark dots the drum can 
measured accurately 0.01 mm. the drum 500 mm. circum- 
ference, and its normal speed rev. per sec., theoretically 
possible measure time one four-millionth second, though 


with cartridge 1-m. long, such refinement has not been found 


necessary. 

The use small lead blocks affords another means determining 
the rate detonation quickness explosive. block 
cylinder, in. long and in. diameter) enclosed piece 
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paper that shell formed above the block, which place the 
charge. small steel disk the same diameter the block first 
placed the shell top the block, then the charge with detonator 
inserted. The charge customarily 100 grammes. detonation 
the charge, deformation the lead takes place, the amount 
which due the quickness the explosive used (Fig. Plate LI). 


Sample Record Tests. 


The procedure followed the examination explosive 
shown the following outline: 
1.—Physical Examination. 

appearance and marks original package. 

(b).—Dimensions cartridge. 

cartridge, color and specific gravity powder. 

Analysis. 

(a).—Reeord moisture, nitro-glycerine, sodium potassium 
nitrate, and other chemical constituents, set forth the 
analysis; percentage ash, hygroscopic 
atmosphere, 15° cent., grammes, compared with 
the weight the explosive. 

(b).—Analysis products combustion from 100 grammes, in- 
cluding gaseous products, solids, and water. 

(c).—Composition gaseous products combustion, including 
carbon monoxide and dioxide, hydrogen, nitrogen, 
ete. 

(d).—Composition solid products combustion, subdivided into 
soluble and insoluble. 

Typical Analysis Natural Gas. 

Used tests, follows: 

Carbon dioxide 


Methane 


100.00 per cent. 
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4.—Typical Analysis Bituminous Coal Dust, 100-Mesh Fine, Used 


Tests. 


5.—An Average Analysis Detonators. 
Used Trauzl lead blocks, pressure gauge, calorimeter, and small 


lead blocks: 


l 
Triple-strength exploder. 


Charge grammes, 


fulminate. potash. 


Used all other tests: 


Charge grammes. 


Chlorate 
fulminate. potash. 


8.69 


6.—Ballistic-Pendulum Tests. 

This record includes powder used, weight charge, swing 
mortar, and unit disruptive charge, the latter being the charge required 
produce swing the mortar equal that produced 
(227 grammes) 40% dynamite, 3.01 in. 
Tests. 

Tests Nos. Gallery No. set forth preceding 
circular. 
Lead-Block Test. 

Powder and test numbers, expansion bore-hole centi- 
meters, and average expansion compared with that produced like 
quantity (10 grammes) 40% dynamite, the latter giving average 
expansion 294 cu. cm. 
9.—Pressure Gauge. 

Powder and test number, weight charge, charging density, height 
curve, pressure developed, and pressure developed after cooling, com- 
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pared with pressure developed after elimination surface influences 


like quantity (100 grammes) 40% dynamite, the average being 
439 kg. per sq. cm. 


10.—Rate Detonation. 


Powder and test number, size cartridge, and rate detonation 
meters per second, for comparison with rate detonation 40% 
dynamite, which, under the same conditions, averages 690 per sec. 
11.—Impact Machine. 

Explosive and test numbers, distance fall 000-gramme weight) 
necessary cause explosion, for comparison with length fall, 
necessary cause explosion 40% dynamite. 


12.—Distance Explosive Wave 8-in. Cartridge. 

Explosive and test numbers, weight cartridge, distance separating 
cartridges tests, resulting explosion non-explosion, for comparison 
with two cartridges 40% dynamite, hung, under identical conditions, 


in. apart, end end, which detonation the first cartridge 
will explode the second. 


Test. 


Explosive and test numbers, charge 100 grammes with lb. clay 
stemming, average length flame and average duration flame, for 
comparison with photographs produced 40% dynamite under like 
conditions. 


14.—Small Lead Blocks. 


Powder and test numbers, weight charge, and compression pro- 
duced blocks. 


15.—Calories Developed. 


Number large calories developed per kilogramme explosive, 


for comparison with 1000 grammes 40% dynamite, which develop, 
average, 229 large calories. 


Blasting Powder Separator. 


The grains black blasting powder are graded separator, 
similar those used powder mills, but reduced size. consists 
inclined wooden box, with slots the sides carry series 
screens, and vertical conduit the end for carrying off the grains 
they are screened into separate small bins (Fig. Plate 
the upper end the screens small 16-in. hopper, with 

brass apron regulate the feed. The screens are shaken 
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laterally eccentric rod operated hand. The top the 
hopper about ft. above the floor. The box ft. in. long, from 

After separation the grains fall through vertical conduit, and 
thence the bins through zine chutes, in. section. 
taken have steel iron exposed the powder. 

The screens are held light wooden frames which slip into the 
inclined box from the upper end. this way, any all the 
sereens may used once, thus separating all grades, making 
only such separations are desired. The screens with the largest 
meshes are diagonally perforated plates. Table gives the number 


holes per square foot zine plates perforated with circular holes 
the diameters stated. 


Care 


TABLE 2.—NUMBER HOLES PER SQUARE ZINC PLATES 
WITH CIRCULAR PERFORATIONS. 


inches. holes. inches. holes. inches. holes. inches. holes. 


The finer meshes are obtained using linen screens with holes 
two sizes, namely, in. square and in. square. 


Until few years ago, black blasting powder was manufactured 
the sizes given Table 


TABLE 3.—GRADATION BLACK BLASTING POWDER. 


Grade. Mesh. Grade. Mesh. 


late years there has been considerable demand for special sizes 
and mixed grains for individual mines, especially Illinois. 
material change has been made the brands, the letters now used 
are not indicative the size the grains, which they are supposed 
represent. samples black blasting powder recently received 
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from the Illinois Powder Commission, only were found contain 
95% the size grains they were supposed represent; contained 
90%; varied from 90%; several others were mixtures small 
and large grains, and were branded black blasting powder; and 
one sample contained only 8.5% the size grains was supposed 
represent. The remaining samples showed many variations, even when 
sold under the same name. The practice thus mixing grades exceed- 
ingly dangerous, because miner, after becoming accustomed one 
brand powder uniform separation, may receive another make 
similar brand but mixed grains, and, consequently, cannot gauge 
the quantity powder used. The result often over-load 
blown-out shot. The smaller grains will burn first, and the larger 
ones may thrown out before combustion complete. 


Lamp Testing Gallery. 


the Pittsburg testing station, there gallery for testing 
safety lamps the presence various percentages inflammable gas. 
this gallery the safety the lamps these gaseous mixtures may 
tested, and also possible for mine inspectors and fire bosses 
bring their safety lamps this station, and test their measurements 
percentage gas, noting the length and the appearance the 


flame the presence mixtures containing known percentages 
methane and air. 


The gas-tight gallery used for testing the lamps, consists 
rectangular conduit (Fig. Plate having sheet-steel sides, 
mm. thick and 433 mm. wide, the top and bottom being channel 
iron. The gallery rests two steel trestles, and one end attached 
No. Koerting exhauster, capable aspirating cu. per min., 
under pressure 500 mm. water, with the necessary valve, steam 
separator, etc. The mouth the exhauster passes through the wall 
the building and discharges into the open air. 

Besides the main horizontal conduit, there are two secondary con- 
duits connected short horizontal length, and the whole put 
together that the safety lamp under test may placed current 
air, air and gas, which strikes horizontally, vertically up- 
current determined detachable sheet-steel doors. 


There are five double observing windows plate glass, which open 
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hinges. The size each window in.; the inner glass 
in. thick and the outer one, in. thick. These glasses are separated 
space in. The upper conduit has four safety doors along 
the top, each the inclined conduits has one safety door, and the walls 
and windows are provided with rubber gaskets asbestos packing, 
make them gas-tight. The cross-sectional area the conduit 
434 sq. cm. 

The air inlet consists perforations, mm. diameter, 
bronze plate diaphragm. The object this diaphragm pro- 
duce pressure the conduit before the mixing boxes, and permit the 
measuring the velocity the current. The air-current, after 
passing through the holes, enters the mixer, cast-steel box traversed 
copper tubes, each perforated openings, mm. diameter, 
arranged spiral along its length and equally spaced. The total 
cross-sectional area the tubes 137 sq. em. 


SAFTY LAMP TESTING GALLERY 


SCALE OF FEET 
o 1 2 3 


ELEVATION 


The explosive gas enters the interior the box around the tubes 
through large pipes, each mm. diameter, passes thence through 
the 432 openings the copper tubes, and mixes thoroughly with the 
air flowing through these tubes. The current through the apparatus 
induced the exhauster, and its course determined the posi- 
tion the doors. 

The gallery can controlled provide rapidly and easily 
current known velocity and known percentage methane. the 
explosive current gas and air, safety lamps any size design 
can tested under conditions simulating those found occasionally 
mines, air-currents containing methane dangerous proportions 
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striking the lamps different angles, and the relative safety the 
various types lamps under such conditions can determined. 
this gallery also possible test lighting devices either quiet 
atmosphere moving current, and, subjecting the lamps 
air containing known methane, possible acquaint 
the user with the appearance flame caps. 


Breathing Apparatus. 


With this apparatus, the wearer may explore gaseous mine, ap- 


proach fires for the purpose fighting them, make investigations 
after explosion. 


Its object provide air oxygen 
breathed the wearer coal mines, when the mine air full 
poisonous gases render life its presence impossible. 

variety forms rescue helmets and apparatus are the 
market, almost all European manufacture, which are being sub- 
jected comparative trials their durability and safety, the ease 
inconvenience involved their use, ete. All consist essentially 
helmets which fit air-tight about the head, air-tight nose 
clamps and mouthpieces (Fig. Plate LV). 

These several forms breathing apparatus are three types: 

1.—The liquid-air type, which air, liquid state, evaporates 
and provides constant supply fresh air. 

2.—The chemical oxygen-producing type, which artificially makes 
supplies oxygen for breathing about the rate required; and, 

3.—The compressed-oxygen type. 

Apparatus the first type, weighing supplies enough air 
last about hours, and the products breathing pass through 
check-valve directly into space. Apparatus the second type sup- 
plies oxygen obtained from oxygen-producing chemicals, and also 
provides means absorbing the carbonic acid gas produced respira- 
tion. They contain also the requisite tubes, valves, connections, 
for the transmission the fresh air and the respired air 
produce sufficient oxygen while use; absorb and purify the 
products expiration; and convey the fresh air the mouth 
without contamination the atmosphere which the apparatus 
used. Three oxygen-generating cartridges are provided, each supply- 
ing oxygen enough for hour, making the total capacity hours. 
Changes cylinders can made few seconds while breathing 
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suspended. This apparatus weighs from lb., according 
the number oxygen generators carried. The cartridges for generat- 
ing oxygen, provided with this apparatus, are value after having 
been used for about hour. 

The third type apparatus equipped with strong cylinders 
charged with oxygen under high pressure; two potash regenerative 
for absorbing the carbon dioxide gas exhaled; facial helmet; 
the necessary valves, tubes, for the control the oxygen; and 
finimeter which registers the contents the cylinders atmos- 
pheres and minutes duration. The two cartridges used for absorb- 
ing the carbonic acid gas are value after having been use 
for two hours. 

inhalation through the mouth alone, mouthpiece attached 
the end the breathing tube which the air oxygen sup- 
plied, the nose closed clip, and the eyes are protected gog- 
gles. inhale through both nose and mouth, the miner wears 
helmet headgear which can made fit tightly around the face. 
The helmet has two tubes attached, one for inspiration and the other 
for expiration. the oxygen-cylinder apparatus these tubes lead 
and from rubber sacks used for pure-air and bad-air reserves. 


Training. 


has been found actual service that when miner, equipped 
with breathing apparatus for the first time, enters mine which 
explosion has occurred, soon overcome excitement 
nervousness induced the artificial conditions breathing imposed 
the darkness and heat, and the consciousness that 
surrounded with poisonous gases. has also been found that 
brief period training the use such apparatus, under con- 
ditions simulating those encountered mine after disaster, gives 
the miner confidence and enables him use the apparatus success- 
fully under the strain the vigorous exertion incident rescue 
work. 

The rescue corps consists five six miners under the direction 
mining engineer who experienced rescue operations and familar 
with the conditions existing after mine disasters. The miners work 
pairs, that one may assist. the other case accident, 
injury the breathing apparatus, and that each may watch the 
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condition the oxygen supply, shown the gauges the 
other’s outfit. 

The training given the gas-tight room Building No. 17, 
similar rooms sub-stations (Fig. Plate LV). This room 
made absolutely dark, and filled with noxious mixture 
CO,, CO, produced burning sulphur charcoal braziers. 
each period training, the miners enter and walk distance 
about mile, the average distance usually traveled from the mine 
mouth the working face point explosion. They then remove 
number timbers; lift quantity brick hard lump-coal into 
wheel-barrows; climb through artificial tunnels, and down inclines, 
and over surfaces strewn with coal stone; operate machine with 
device attached it, which automatically records the foot-pounds 
work done; and perform other vigorous exercise, during period 
hours. This routine repeated daily during week, after 
which the rescue corps considered sufficiently trained for active 
service. 

The apparatus used for recording the foot-pounds work done 
the person operating the work machine within the gas-tight rescue 
room, comprises small dial with electrical connections, which records 
the number strokes made the machine, and pencil point which 
rests paper diaphragm, fastened horizontal brass disk. This 
disk driven clockwork, and makes one complete revolution per 
hour. When the machine operation, the pencil point works 


back and forth, making broad line the paper; when the opera- 


tor the machine rests, the pencil point traces single line. The 
apparatus thus records the number strokes given the operator 
during given time. From the weight lifted, the height lift, and 
the number strokes the given time, the foot-pounds work 
are readily calculated. 


Electric Testing Apparatus. 


the ground floor Building No. 10, two rooms are occupied 
laboratories for investigating the electrical equipment used min- 
ing operations. The purpose these investigations ascertain 
the conditions under which electricity various voltages may used 
with safety—in mine haulage, hoisting, pumping, lighting—in the 
presence dangerous mixtures explosive gases dust. 


Pay 
als 
lab 
pre 
pul 
me 
set 


Papers.] INVESTIGATIONS MINE ACCIDENTS, ETC. 407 


also proposed test various kinds insulation and insulators this 
laboratory, and determine the durability such insulation the 
presence such corrosive gases and water are found mines. 

which insulation and insulating materials are tested under either 
pure polluted water. Various electric lighting devices and equip- 
ment can connected from switch-board Building No. with 
Gas-and-Dust Gallery No. for testing the effect such lighting 
apparatus the presence explosive mixtures gas and dust, 
set forth page 389. 

the electrical laboratory, Building No. 10, booster set 
developing kw., and appropriate switch-board for taking direct 
current 220 volts from the turbo-generator and converting into 
current varying from 750 volts. are also transformers 
for developing 60-cycle, alternating current voltages from 110 
2200. The switch-board designed handle these various voltages 
and communicate them the apparatus under test Building 
No. 10, Gallery No. elsewhere. 

Tests are progress insulating materials for use mines, 
and electric switches, lights, Gallery No. (Fig. Plate 
and the lamp-testing hox (Fig. Plate LIV). pro- 
posed, the earliest possible date, make comparative tests the 
safety various mine locomotives and mine-hoisting equipment 
through the medium this laboratory, and believed that the 
results will furnish valuable information guide the safety, 
reliability, and durability these appliances when electrically 
operated. 

Electric Lamp and Fuse Testing apparatus for testing 
safety lamps and electric lights and fuses, consists }-in. iron plates, 
bolted together with angle-irons form box with inside 
such height that the observation windows are level with the 
observer’s eye (Fig. Plate LIV), and connected, gas-pipe, 
with supply natural gas which can measured gas-holder 
meter alongside the box. 

the use this apparatus the effect explosive gas flames, 
electric sparks explosive mixtures gas and air, and break- 
ing electric lamps explosive mixture gas and air, may 
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studied. The safety lamps are introduced into the box from beneath, 
through hole in. square, covered with hinged iron lid, admission 
which had through rubber sleeve, in. long. 

The behavior the standard safety lamp and the safety lamps 
undergoing test may compared this box height flame for 
different percentages methane the air, the effect such flames 
igniting gas, 

each end the box opening ft. square, over which may 
placed paper diaphragm held skeleton doors, the purpose 
which confine the gas such manner that, should explo- 
sion occur, damage would done. the front the box are two 
plate-glass observing windows, in. the side the box, 
between the two windows, hole, which can closed tap- 
through which samples for chemical analysis are drawn. 

The gasometer consists two iron cans, the lower one being open 
the top and filled with water and the upper one open the bottom 
and suspended counterweight. The latter has attached its 
upper surface scale which moves with it, thereby measuring the 
amount gas the holder. two-way cock permits the admission 
gas into the gasometer and thence into the testing box. 

Gas-and-Dust Gallery No. 2.—This gallery constructed sheet 
steel and similar Gallery No. the length, however, being only 
ft. and the diameter ft. rests concrete foundation (Fig. 
Plate Diaphragms can placed across either extremity, 
various sections, confine the mixtures gas and air which 
the tests are made. The admission gas controlled pipes and 
valves, and the gas and air can stirred mixed fan, 
described for Gallery No. and shown Fig. 

Gallery No. used for investigating the effect flames 
various lamps, currents, motors, and coal-cutting machines, 
the presence known mixtures explosive gas and air. 
also used for testing the length flame safety lamps still 
air carrying various proportions methane, and, for this purpose, 
more convenient than the lamp gallery. tests with explosive 
mixtures, after the device tested has been introduced and prepara- 
tions are completed, operations are controlled from safe distance 
switch-board building near-by. 

Among other investigations conducted this gallery are those 
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the effect sparks known gas mixtures. These sparks are such 
those struck from pick flint, but this case they are produced 
rubbing rapidly revolving emery wheel against steel file. The 
effect spark produced short circuit known voltage, the 
flame from arc lamp, etc., also studied. 


STRUCTURAL MATERIALS INVESTIGATIONS. 


The structural materials investigations are being conducted for the 
purpose determining the nature and extent the materials avail- 
able for use the building and construction work the Government, 
and how these materials may used most efficiently. 

These investigations include: 

into the distribution and local availability, near 
each the building centers the United States, such materials 
are needed the Government. 

(2).—How these materials may used most efficiently. 

(3).—Their fire-resisting qualities and strength different tem- 
peratures. 

(4).—The best and most economic methods protecting steel 
fire-resistant covering. 

(5).—The most efficient methods proportioning and mixing the 
aggregate, locally available, for different purposes. 

(6).—The character and value protective coatings, various 
mixes, prevent deterioration sea water, alkali, and other destruc- 
tive agencies. 

(7).—The kinds and forms reinforcement for concrete necessary 
secure the greatest strength beams, columns, floor slabs, ete. 

(8).—Investigation the clays and the products clays needed 
Government works, their strength, durability, suitability 
fire-resisting materials, and the methods analyzing and testing clay 
products. 

(9).—Tests building stones, and investigations their avail- 
ability near the various building centers throughout the United States. 

The operations the Structural Materials Division include investi- 
gations into cement-making materials, constituent materials con- 
crete, building stones, clays, clay products, iron, steel, and miscellane- 
ous materials construction, for the use the Government. The 
organization comprises number sections, including those for the 
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chemical and physical examination Departmental purchases; field 
sampling and laboratory examination constituent materials con- 
collected skilled field inspectors the neighborhood the 
larger commercial and building centers; similar field sampling 
building stones and clays and clay products, offered for use Gov- 
ernment buildings engineering construction; and the forwarding 
such samples the testing laboratories St. Louis Pittsburg for in- 
vestigation and test. The investigative tests include experiments regard- 
ing destructive agencies, such electrolysis, alkaline earths and waters, 
salt water, fire, and weathering; also experiments with protective and 
water-proofing agencies, including the various washes patented 
mixtures the market, and the methods washing, and mixing 
mortars and concrete, which are likely result rendering such 
materials less pervious water. 

Investigations are also being conducted determine the nature 
and extent materials available for use the building-construction 
work the Government, and how these materials may used most 
efficiently and safely. While the act authorizing this work does not 
permit investigations tests for private parties, believed that 
these tests for the Government cannot fail great general value. 
The aggregate expenditure the Federal Government building and 
engineering construction about $40000000 annually. This work 
being executed under many different conditions, points 
widely separated geographically, and requires great variety 
materials, that the problems solved for the Government can 
hardly fail cover large share needs the Engineering 
Profession, State and municipal governments, and the general public. 

Character the Work.—The tests and analyses, the materials 
construction purchased the various bureaus and departments for 
the use the Government, are determine the character, quality, 
suitability, and availability the materials submitted, and ascer- 
tain data leading more accurate working values basis for better 
working specifications, enable Government officials use such 
materials with more economy and increased efficiency. 

Investigative tests materials entering into Government construc- 
tion, relative the larger problems involved the use materials 
purchased the Government, include exhaustive study the suit- 
ability for use, concrete construction the Isthmian Canal, the 
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sand and stone, and the cementing value pozzuolanic material, 
found the Isthmus; the strength, elasticity, and chemical properties 
structural steel for canal lock-gates; wire rope and cables for use 
hoisting and haulage; and the most suitable sand and stone avail- 
able for conerete and reinforced concrete for under-water construction, 
such the retaining walls being built the Quartermaster’s Depart- 
ment the Army, San Francisco Harbor. 

These tests also include investigations into the disintegrating effect 
alkaline soil and water the concrete and reinforced concrete 
structures the Reclamation Service, with view preventing such 
disintegration; investigations into the proper proportions and dimen- 
sions and reinforced concrete structural columns, beams, 
and piers, and walls brick and stone, and the 
various types metal used for reinforcement the Supervising 
Architect the construction public buildings; investigations into 
the sand, gravel, and broken stone available for local use concrete 
construction, such columns, piers, arches, floor slabs, guide 
the more economical design public structures, and determine 
the proper method mixing the materials render the concrete most 
impervious water and resistant weather and other destructive 
agencies. 

Other lines research may stated briefly follows: 

The extent which concrete made from cement and local materials 
can most safely and efficiently used for different purposes under 
different conditions; 

The best methods for mixing and utilizing the various constituent 
materials locally available for use Government construction; 

The materials suitable for the manufacture cement the public 
lands, where the Government has planned extensive building 
engineering construction work, where cement plants now exist; 

The kinds and forms for concrete, and the best 
methods applying them order secure the greatest strength 
compression, tension, shear, reinforced concrete beams, columns, 
floor slabs, 

The influence acids, oils, salts, and other foreign materials, 
long-continued strain, electric currents, the permanence the 
steel concrete; 
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The value protective coatings preventives deterioration 
structural materials destructive agencies; and 

The establishment working stresses for various structural 
materials needed the Government its buildings. 

Investigations are being made into the effects fire and the rate 
conductivity heat concrete and reinforced concrete, brick, tile, 
building stone, guide the use the most suitable materials 
for fire-proof building construction and the proper dimensioning fire- 
resistive coverings. 

Investigations and tests are being made, with view the prepara- 
tion working specifications for use Government construction, 
bricks, tile, sand-lime brick, paving brick, sewer pipe, roofing slates, 
flooring tiles, cable conduits, electric insulators, architectural terra 
cotta, fire-brick, and all shapes refractories and other clay products, 
regarding which satisfactory data for the preparation specifica- 
tions working values now exist. 

Investigations the clay deposits throughout the United States 
are progress, determine proper methods converting them into 
building brick, tile, the most reasonable cost, and the suit- 
ability the resulting material for erection structural forms and 
meet building requirements. 

Investigations are being made the field, building stones locally 
available, and physical and chemical tests these building stones 
determine their bearing crushing strength; the most suitable mor- 
tars for use with them; their resistance weathering; their fire- 
resistive and fire-proof qualities, regarding which practically 
adequate information available guide Government engineer- 
ing and building design. 

Results Accomplished—During one period six months alone, 
more than samples, taken from Government purchases struc- 
tural materials, were examined, which more than 300 failed meet 
the specified requirements, representing many thousands dollars 
worth inferior material rejected, which otherwise would have been 
paid for the Government. These tests were the means detecting 
the inferior quality large quantities materials delivered con- 
tracts, and the moral effect bidders has proven important 


factor the maintenance high quality purchases, the 
saving money. 


Pap 

stit 

has 

nea 

qua 

whi 

ber 

alr 

the 

el: 


INVESTIGATIONS MINE ACCIDENTS, ETC. 413 


The examination sands, gravels, and crushed stones, con- 
stituent materials for concrete and reinforced concrete construction, 
has developed data showing that certain materials, locally available 
near large building centers and previously regarded inferior 
quality, were, fact, superior other and more expensive materials 
which had been proposed use. 

These investigations have represented actual saving the cost 
construction the work the Isthmian Canal Commission, the 
Supervising Architect, and certain States and cities which have 
benefited the information disseminated regarding these constituent 
materials. 

Investigations clay products, only recently inaugurated, have 
already resulted the ascertainment important facts relative 
the colloid matter clay and its and the bearing thereof 
the plasticity and working values various clays. The study 
the preliminary treatment clays difficult handle dry, has fur- 
nished useful information regarding the drying such clays, and 
the fire resistance bricks made soft, ‘stiff, dried 
clay various densities. 

The field collection and investigation building-stone samples 
have developed some important facts which had not been considered 
previously, relative the effect quarrying, relation the strike 
and dip the bedding planes building stone, and the strength and 
durability the same material when erected building construction. 
These investigations have also developed certain fundamental facts 
relative the effects blasting (as compared with channeling 
cutting) the strength and durability quarried building stone. 

Mineral Laboratories.—Investigations and analyses 
the materials engineering and building construction are carried 
Pittsburg four the larger rooms Building No. 21. this 
laboratory, are conducted research investigations into the effect 
alkaline waters and soils the constituent materials concrete avail- 
able arid regions, related the life and permanency the con- 
crete and reinforced concrete construction the Reclamation Service. 
These investigations include study individual salts found par- 
ticular alkalis, and study the results allowing solutions vari- 
ous alkalis percolate through cylinders cement mortar and con- 
crete. Other research analyses have with the investigation 
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destructive and preservative agencies for concrete, reinforced concrete, 
and similar materials, and with the chemistry the effects salt 
water concrete, The routine chemical analyses the con- 
stituent materials concrete and cement-making materials, used 
connection with the work conducted the St. Louis laboratories, are 
made this laboratory, are also large number miscellaneous 
chemical analyses and investigations reinforcement metal, the com- 
position building stones, and allied work. 

heat laboratory, charge Dr. Clement, occupies three 
rooms the ground floor Building No. 21, and concerned chiefly 
with the measurement temperatures gas producers, the fur- 
naces steam boilers, kilns, ete. The work includes determinations 
the thermal conductivity fire clays, concrete, and other building 
materials, and their fire-resisting properties; measurements the 
thermal expansion and specific heats fire-bricks, porcelain, and 
glazes; and investigations the effect temperature variations 
the various chemical processes which take place the fuel bed the 
gas producer, boiler furnace, ete. 

The heat laboratory equipped for the calibration the ther- 
mometers and pyrometers, and electrical and other physical apparatus 
used the various sections the Technologic Branch. 

For convenience handling materials and from the various 
purchasing officers attached the Government bureaus, this work 
housed laboratory the fourth floor the Geological Survey 
Building Washington. 

Large quantities and many varieties building materials for use 
public buildings under contract with the Supervising Architect’s 
office, are submitted the laboratory contractors determine 
whether not they meet the specified requirements. Further examina- 
tions are made samples submitted superintendents construc- 
tion, representing material actually furnished contractors. 
frequently found that the sample material submitted the con- 
tractor far better quality than that sent the superintendent 
represent deliveries. needed constant check deliveries 
thus provided. 

addition this work for the office the Supervising Architect, 
similar work purchases and supplies for the Isthmian 
Canal Commission, the Quartermaster-General’s Department the 
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Army, the Life Saving Service, the Reclamation Service, and other 
branches the Government. About 250 samples are examined each 
month, requiring average determinations per sample, about 
3000 determinations per month. 

The chemical laboratory for testing Government purchases 
structural materials, equipped with the necessary apparatus for 
making the requisite physical and chemical tests. For the physical 
tests cement, there are tensile test machine, briquette moulds, 
pat tank for boiling tests determine soundness, water tanks for the 
storage briquettes, moist oven, apparatus determine specific 
gravity, fineness grinding, etc. 

The chemical laboratory Washington equipped with the neces- 
sary analytical balances, steam ovens, baths, blast lamps, stills, ete., 
required the routine chemical analysis cement, plaster, clay, 
bricks and terra cotta, mineral paints and pigments, roofing material, 
tern plate and asphaltic compounds, water-proofing materials, iron and 
steel alloys, 

present, materials which require investigative tests basis 
for the preparation suitable specifications, tests not connected with 
the immediate determination whether not the purchases are 
accordance with the specifications, are referred the chemical labora- 
tories attached the Structural Materials Division, Pittsburg. 

The inspection and tests cement purchased large quantities, 
such the larger purchases behalf public-building construction 
under the Supervising Architect, the great contract 
the Isthmian Canal Commission, are made the cement-testing 
laboratory the Survey, the Lehigh Portland cement district, 
Northampton, Pa. 

Testing various structural forms into which con- 
crete and reinforced concrete may assembled for use public- 
building construction, are undergoing investigative tests their 
compressive and tensile strength, resistance shearing, modulus 
elasticity, coefficient expansion, fire-resistive qualities, ete. Similar 
tests are being conducted building stone, clay products, and the 
structural forms which steel and iron are used for building 
construction. 

The compressive, tensile, and other large testing machines, for all 
kinds structural materials reaching the testing stations, are under 
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the general supervision Richard Humphrey, Am. Soe. 
The immediate direction the physical tests the larger testing 
charge computing. 

Most this testing apparatus has been housed buildings loaned 
the City St. Louis, Forest Park, St. Louis, Mo., and the 
arrangement these buildings, details equipment, organization, 
and methods conducting the tests, are fully set forth Bulletin 
No. 329 the Geological Survey. brief, this equipment in- 
cluded motor-driven, universal, four-screw testing machines, fol- 
lows: One vertical automatic, four-screw machine; one 
200 automatic, machine; and one and 
one 100 machine the same type, but with three screws. There 
are number smaller machines 50000, 40000, 10000, and 
respectively. 

These machines are equipped that all are available for making 
tensile and compressive tests (Fig. Plate LVI). The 
machine capable testing columns 30-ft. lengths, and 
making transverse tests beams 25-ft. span, and tension tests 
for specimens ft. length. The smaller machines are capable’ 
making tension and compressive tests ft. length and 
transverse beam tests 20-ft. span. addition, there are ample 
subsidiary apparatus, including concrete mixers with capacities 
and cu. yd., five hollow block machines, automatic sifting 
machines, briquette moulds, storage tanks, 

the Atlantic City sub-station, there also 200000-lb., uni- 
versal, four-screw testing machine, with miscellaneous equipment for 
testing cement and moulding concrete, and the Northampton 
sub-station, there complete equipment apparatus for cement 
testing. 

the Pittsburg testing station, vertical, com- 
pression testing machine (Plate LVII), made Tinius Olsen and 
Company, being erected for making complete series comparative 
tests various building stones and 12-in. cube, stone prisms, 
in. base and in. high, concrete and reinforced concrete columns 
ft. height, and brick piers and structural-steel columns 
the the limits the capacity and height the machine. 

This machine large press, with adjustable head, 
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and weighing system for recording the loading developed triple- 
plunger pump. has maximum clearance ft. between heads; 
the clearance the machine trifle more than ft. between screws, 
and the heads are ft. square. 

The machine consists base containing the main cylinder with 
sectional area sq. in., upon which rests the lower platform 
head which provided with ball-and-socket bearing. The upper head 
adjustable over four vertical screws, in. diameter and ft. 
in. long, system gearing operating four nuts with ball- 
bearings upon which the head rests. The shafting operating this 
mechanism connected with variable-speed motor which actuates 
the triple-plunger pump supplying the pressure the main cylinder 
(Fig. 4). 

The weighing device consists set standard Olsen levers for 
weighing one-eightieth the total load the main cylinder. This 
reduction effected through the medium piston and diaphragm. 
The main cylinder has diameter in., and the smaller one, 
diameter in. The weighing beam balanced automatic- 
ally-operated poise weight, and provided with device for applying 
successive counterweights 1000000 lb. each. division the 
dial equivalent 100-lb. load, and smaller subdivisions are made 
possible additional needle-beam. 

The power applied 15-h.p., 220-volt, variable-speed motor 
operating triple-plunger pump, the gearing operating the upper 
head being driven the same motor. The extreme length the main 
screws necessitates splicing, which accomplished follows: 

the center the screws, the splice, 3-in. for 
centering the upper and lower screws; this splice strengthened 
sleeve nuts, split facilitate their removal whenever necessary 
lower the upper head; after the head has passed the splice, the sleeve 
nuts are replaced. 

order maintain constant load, needle-valve has been pro- 
vided, which, when the pump operated its lowest speed, will allow 
sufficient quantity oil flow into the main cylinder equalize 
whatever leakage there may be. The main cylinder has vertical 
movement in. The speed the machine, for the purpose 
adjustment, using the gearing attached the upper head, in. per 
min. The speed for applying loads, controlled the variable-speed 
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motor driving the pump, varies from minimum least in. per 
min. maximum least in. per min. 


The machine has 
guaranteed accuracy least one-third 1%, for any load 
more than 100 000 its capacity. 


PLAN AND ELEVATION 
000 000-LB. VERTICAL 
COMPRESSION TESTING MACHINE 


The castings for the base and the top head weigh approximately 
000 each. Each main screw weighs more than 40000 the 
lower platform weighing about 25000 and the main cylinder, 
The top the machine will about ft. above the top 
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the floor, and the concrete foundation, upon which rests, about 
ft. below the floor line. 

Concrete and Cement investigations relating 
concrete, include the examination the deposits sand, gravel, 
stone, the field, the collection representative samples, and 
the shipment these samples the laboratory for analysis and test. 
These tests are conducted connection with the investigation 
cement mortars, made from typical Portland cement prepared 
thoroughly mixing number brands, each which must meet the 
following requirements: 

gravity, not less than 3.10; 

Fineness, residue not exceed No. 100, nor 25% No. 
200 sieve; 

Time setting: Initial set, not less than min.; hard set, not 
less than hour, nor more than hours. 


Tensile strength: Requirements applying neat cement and 
part cement with parts standard sand: 


days day moist air, days water)............. 600 250 


Constancy volume: Pats neat cement, in. diameter, in. 
thick center, tapering thin edge, shall kept moist air 
for period hours. pat kept air normal temperature 
and observed intervals for least days. Another pat kept 
water maintained near 70° Fahr. practicable, and observed 
intervals for least days. third pat exposed atmos- 
phere steam above boiling water, loosely-closed vessel, for 
hours. These pats must remain firm and hard and show signs 
distortion, checking, cracking, disfiguration. 

The cement shall not contain more than 1.75% anhydrous sul- 
acid, nor more than magnesium oxide. 

test the neat cement must made with each mortar series 
for comparison the quality the typical Portland cement. 


The constituent materials are subjected the following examina- 
and determinations, and, addition, are analyzed determine 
the composition and character the stone, sand, 

examination, 


gravity, 
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3.—Weight, per cubic foot, 
(granulometric composition), 
5.—Percentage silt and character same, 
voids, 
permeability, compressive strength, and behavior under treat- 
ment. 
Physical tests are made determine the tensile, compressive, and 
transverse strengths the cement and mortar test pieces, with various 
preparations cement and various percentages material. Tests 
are also made determine porosity, permeability, volumetric changes 
setting, absorption, coefficient expansion, effect oil, ete. 
Investigation concretes made from mixtures typical Portland 
cement, sand, stone, and gravel, includes tests cylinders, prisms, 
cubes, and other standard test pieces, with various proportions 
materials and ages ranging from 360 days. Full-sized plain 
concrete beams, moulded building blocks, reinforced concrete beams, 
columns, floor slabs, arches, etc., are tested determine the effect, 
character, and amount reinforcement, the effect changes vol- 
ume, size, and composition, and the effect different methods load- 
ing and supporting these pieces, etc. 
These investigations include detailed inquiry the field and re- 
search the chemical and physical laboratories regarding the effects 


alkaline soils and waters structures concrete being built the 


Reclamation Service the arid regions. has been noted that 


certain the Reclamation projects, notably the Sun River Project, 
near Great Falls, Mont., the Shoshone Project, near Cody, Wyo., and 
the Carlsbad and Hondo Projects the Pecos Valley, Mex., 
structures concrete, reinforced concrete, building stones, brick, and 
tile, show evidence disintegration. This attributed the effects 
alkaline waters soils coming into contact with the structures, 
the constituent materials used. co-operation with the Reclama- 
tion Service, samples the waters, soils, and constituent materials, 
are collected the field, and are subjected careful chemical exam- 
ination the mineral laboratories Pittsburg. 

The cylinders used the percolation tests are composed typical 
Portland cement mixed with sand, gravel, and broken stone known 
composition and behavior, and cement mixed with sand, gravel, and 
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broken stone collected the neighborhood the Reclamation projects 
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also proposed subject these test pieces, some made with 
water known purity, and others with alkaline water, contact with 


alkaline soils near the projects, and with soil known composition 


near the testing laboratories 
Pittsburg. these tests 
progress and other lines 
investigation are develuped, 
the programme will ex- 
tended, the hope that the 
inquiry may develop methods 
preparing and mixing 
concrete and reinforced con- 
crete which can used 
alkaline soils without danger 
disintegration. 

Investigations into the 
effect salt water cement 
mortars and concretes, and 
the effect electrolysis, are 
being conducted Atlantic 
City, J., where the test 
pieces may immersed 
deep sea water for longer 
shorter periods time. 

the St. Louis labora- 
tory great amount in- 
vestigative work was done 
for the purpose determin- 
ing the suitability and avail- 
ability various structural 
materials submitted for use 


APPARATUS FOR HOLDING 
PERMEABILITY-TEST PIECES, 


the Government. While primarily 


valuable only the Government, the results these tests are 
indirect value all who are interested the use similar materials. 


Among such investigations have been those relating the strength, 
elasticity, and chemical properties wire rope for use the Canal 


Zone; investigations the suitability and cementing value con- 
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crete, sand, stone, and pozzuolanic material found the Isthmus; 
investigations the relative resistance corrosion various 
types wire screens for use the Canal Zone; into the suit- 
ability for use, concrete sea-wall construction, sand and stone 
from the vicinity San Francisco; into the properties reinforced 
concrete floor slabs; routine tests reinforcing metal, and rein- 
concrete beams and columns, for the Supervising Architect 
the Treasury Department, The results have been set forth 
three bulletins which describe the methods conducting these tests 
also tests constituent materials concrete and plain concrete 
beams. addition, there are process publication number 
bulletins giving the results tests concrete beams, 
columns, and floor slabs, concrete building blocks, 

The Northampton laboratory was established there because 
the center the Lehigh cement district, and therefore available 
for the mill sampling and testing purchases cement made the 
Canal Commission, but also available for tests cement pur- 
chased the Lehigh district, the Supervising Architect and others. 
building, the outer walls which are cement plaster 
applied over metal lath nailed studding. The partitions are 
the same construction, and the floors and roof are concrete 
throughout. 

The inspection the factories and the sampling the cement are 
under the immediate direction the Commission; the testing under 
the direction the Geological Survey. large force em- 
ployees required, view the magnitude the work, which in- 
cludes the daily testing consignments ranging from 5000 10000 
bbl., sampled lots 100 bbl., which equivalent from 
100 samples tested per day. 

The cement sampled taken from the storage bins and kept 
the chief inspector pending the results the test. The 
quantity cement sampled sufficient for the tests required under 
the specifications the Isthmian Canal Commission, well for 
preliminary tests made the cement company, and check tests made 
the Geological Survey laboratory, Pittsburg. 

The tests specified the Commission include determination 
specific gravity, fineness grinding, time setting, soundness, tensile 
strength (with three parts standard quartz sand for and days, 
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respectively), and determination sulphur anhydride (SO,), and 
magnesia 

The briquette-making and testing room fitted with mixing 
table, moist closet, briquette-storage tanks, and testing machines. The 
mixing table has concrete top, which set plate glass. in. 
square and in. thick. Underneath the table are shelves for moulds, 
glass plates, etc. 

The moist closet, ft. high, ft. in. wide, and ft. in. deep, 
divided into two compartments vertical partition, and each 
compartment fitted with cleats for supporting thirteen tiers 
glass plates. each pair cleats, each compartment, can 
placed four glass plates, each plate containing 4-gang mould, making 
storage for 416 briquettes. With the exception the doors, which are 
wood lined with copper, the closet 1:1 cement mortar, poured 
monolithic, even the cleats for supporting the glass plates. 

The immersion tanks, the same mortar, are tiers three, 
supported steel structure. They are ft. long, ft. wide, 
and in. deep, and 2000 briquettes can stored each tank. The 
overflow from the top tank wastes into the second, which, turn, 
wastes into the third. Water kept running constantly. 

The briquette-testing machine Fairbanks shot machine with 
capacity and regulated apply load the rate 600 
per min. Twenty-four 4-gang moulds, the type recommended 
the Special Committee Uniform Tests Cement, the Am- 
erican Society Civil Engineers, are used. 

The room for noting time set and soundness fitted with mix- 
ing table similar that the briquette-making room. The Vicat 
apparatus used for determining the normal consistency, and the 
Gilmore apparatus for the time setting. While setting, the sound- 
ness pats are stored galvanized-iron pans having about in. 
water the bottom, and covered with dampened felt burlap. The 

pats rest rack slightly above the water and well below the felt. 

For gravity tests, the Chatelier bottles are used. 
pan, which five bottles can immersed one time, used for 
maintaining the benzine constant temperature. The samples are 
weighed pair Troemner’s No. scales. 

The fineness room fitted with tables, two sets standard No. 
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100 and No. 200 sieves, and two Troemner’s No. scales similar 
those used for the gravity tests. 


The storage room fitted with shelves for the storage samples 
being held for 28-day tests. 


The mould-cleaning room contains tables for cleaning moulds, and 
racks for air pats. 


effort made keep all the rooms temperature 70° 
Fahr., and, with this view, Bristol recording thermometer placed 


the briquette-room. Two wet-and-dry bulb hygrometers are used to’ 


determine the moisture the air. 


Samples are taken from the conveyor which the cement 
the storage bins, the approximate rate one sample for each 100 
After each bin has been filled, sealed until all 
tests have been made, when, these have been satisfactory, 
released for shipment. 

The samples are taken cans, in. high and in. diameter. 
These cans are delivered the preparation room where the contents 
are mixed and passed through No. sieve. Separate samples are 
then weighed out for mortar briquettes, for soundness pats, and for 
the and fineness tests. These are placed smaller cans 
and quantity sufficient for re-test held the storage room 
awaiting the results all the tests. 

The sample for briquettes mixed with three parts standard 
quartz, and then taken the briquette-making room, where 
briquettes are made, four for 7-day and four for 28-day tests. 
These are placed the moist closet damp air for hours, then 
removed from the meulds, and placed water for the remainder 
the test period. the proper time they are taken from the immersion 
tank and broken. 

From the sample for soundness, four pats are made. The time 
setting determined one these pats. They are placed the 
pan previously described, for hours, then one placed running 


water and one air for days. The others are treated the 


boiler, one boiling water for hours and one steam atmos- 
pressure for hours. 


The sample taken for specific gravity and fineness dried the 


oven 100° cent. order drive off moisture. Two samples are 


then carefully weighed out, grammes for fineness and grammes 
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for specific gravity, and the determinations are made. soon any- 
thing unsatisfactory develops, re-test made. If, however, the 
cement satisfies all requirements, report sheet containing all the 
data for bin, made out, and the cement ready for shipment. 
From every fifth bin, special neat and mortar briquettes are made, 
which are intended for tests ages ten years. 
Salt-Water laboratory Atlantic City, for con- 
ducting investigations into the effects salt water concrete and 
reinforced concrete, situated that water more than ft. deep 
available for immersion tests the setting and deterioration 
such materials. 
Through the courtesy the municipality Atlantic City, Young’s 
cottage, and old Young’s Pier, has been turned over, nominal 
rental, the Geological Survey for the conduct these tests. The 
laboratory building about 700 ft. from the boardwalk, and occupies 
space about 100 ft. one story high, frame-cottage con- 
struction, and stands wooden piles one side the pier proper 
and about ft. above the water, which about ft. deep this 
point. Fresh running water, gas, electric light, and electric power 
are supplied the building (Fig. 6). 
this laboratory investigations will made the cause 
the failure and disintegration cement and concrete subjected the 
action sea water. Tests are conducted approach, nearly 
possible, the actual conditions found concrete construction along 
the sea coast. All sea-water tests are made the ocean, some will 
probably paralleled ocean-water laboratory tests and all fresh- 
water comparative tests. 
Cements, the form pats, briquettes, cubes, cylinders, and 
loose ground state, and also mortars and concretes cube, cylinder, 
and slab form, are subjected sea water. 
The general plan for the investigations follows: 
the failing elements and the nature the 
failure; 
2.—Determination the value the theories advanced the 
present time; and, 
3.—Determination method eliminating chemically re- 
combining the injurious elements. 
Preliminary tests are progress, including study the effect 
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salt water mortars and concretes various mixtures and ages. 
The proportions these mixtures and the methods mixing 
varied from time time, suggested the progress the tests. 

properties various structural materials are carried the labora- 
tories Building No. 10, Pittsburg, and co-operation with the 
Board Fire Underwriters its Chicago laboratory (Fig. Plate 
LVI). These tests include three essential classes material: (a), 
clay products, protective coverings representative numerous varie- 
ties brick and fire-proofing tiles, including those the market 
and those especially manufactured for these tests the laboratory 
Pittsburg; (b), characteristic granites New England, with sub- 
sequent tests the various building stones found throughout the 
United States; and (c), cement and concrete covering material, build- 
ing blocks, and concrete reinforced steel bars embedded different 
depths for the purpose studying the effect expansion the pro- 
tective covering. 

co-operation with the physical laboratory, these tests include 
study the relative rates conductivity cement mortars and 
concretes. embedding thermocouples cylinders composed the 
materials under test, obtaining given temperature electric 
coil, and noting the time required raise the temperature the 
various embedded couples given degree, the rate conductivity 
may determined. Other tests include those muffles determine 
the rate expansion and the effect heat and compressive stresses 
combined the compressive strength the various structural ma- 
terials. The methods making the panel tests, and the equipment 
used, are described and illustrated Bulletin No. 329, and the results 
the tests have been published detail Bulletin No. 370 the 
Geological Survey. 

Building Stones field investigations build- 
ing stones are conducted Mr. Burchard, and include the 
examination the various deposits found throughout the United 
States. study the granites New England has been commenced, 
which includes the collection type specimens fine, medium, and 
coarse-grained granites, and dark, medium, and light-gray white 
granites. comparative series these granites, consisting prisms 
and cubes and in., respectively, has been prepared. 
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The standard adopted for compressive test pieces the 000 000- 
lb. machine prism, having base in. and being in. high. 
The tests include not only those for compression crushing strength, 
but also those for resistance compressive strains the prisms and 
cubes, when raised high temperatures kilns; resist- 
ance weathering, freezing, and thawing; porosity; fire-resisting 
qualities, 

collecting field samples, special attention paid the 
rence the stone, extent the deposit, strike, dip, and specimens 
are procured having their faces cut with reference the bedding 
planes, order that compressive and weathering tests may made, 
not only relation these planes but those angles thereto which 
the material most frequently used commercially. Attention also 
paid the results blasting, its relation compressive strains, 
blasting believed have material effect stones, especially 
those which may occur the foundations great masonry dams, and 
type specimens stone quarried channeling, well blasting, 
are collected and tested. 

Clay and Clay Products investigations are 
charge Mr. Bleininger, and include the study the oc- 
currence clay beds various parts the United States, and the 
adaptability each clay the manufacture the various clay 
products. 

Experiments grinding, drying, and burning the materials are 
conducted the Pittsburg testing station, ascertain the most favor- 
able conditions for preparing and burning each clay, and determine 
the most suitable economic use which may put, such the 
manufacture building paving bricks, architectural tiles, sewer 
tiles, ete. 

The laboratory equipped with various grinding and drying de- 
vices, kilns, and apparatus for chemical investigations, phys- 
ical tests, and the manufacture and subsequent investigative tests 
clay products. 

This section the east end Building No. 10, and rooms 
the first and second floors have been allotted for this work. ad- 
dition, brick structure, ft., provided with 60-ft. iron 
stack, has been erected for housing the necessary kilns and furnaces. 
the ground floor Building No. 10, adjoining the cement and 
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section, storage room for raw materials and products 
under investigation. Adjoining this room and connecting with 
wide doors, the grinding room, containing wet pan, with 
rollers, used for both dry and wet grinding. Later, 
heavy dry pan installed. With these machines, even the hardest 
material can easily disintegrated and prepared. this room there 
also jaw crusher for reducing smaller quantities very hard 
material, well 16-in. iron ball mill, for fine grinding. 
These machines are belted line shaft along the wall across the 
building. Ample sink drainage provided for flushing and cleaning 
the wet pan, when changing from one clay another. 

large room adjoining for the operation all moulding and 
shaping machines, representing the usual commercial processes. 
present these include auger machine, with rotary universal brick 
and tile cutter, Fig. Plate LIX, and set brick and special dies, 
hand repress for paving brick, and hand-screw press for dry press- 
ing. The brick machine operated from the main shaft which crosses 
the building this room and driven from 50-h.p. motor. 
possible thus study the power consumption under different loads 
and with different clays, well with varying degrees water 
content the clay. the needs the work demand it, other types 
machines are installed: For special tests which pressure 
important factor intended fit one the compression 
testing machines the cement section with the necessary dies, thus 
enabling the pressing carried under known pressures. 
ing, transverse, and other tests clay products are made the 
testing machines the cement and concrete laboratories. 

Outside the building, lean-to, there double-chamber 
rattler for the testing paving brick according the specifications 
the National Brick Manufacturers’ Association. 

the smaller room adjoining the machine laboratory there are 
two small wet-grinding ball mills, two and four jars, respectively, 
and also 9-leaf laboratory filter press. 

The remaining room the first floor devoted the drying 
clays and clay wares. The equipment consists large sheet-iron 
drying oven special construction, which permits close regulation 
the temperature (Fig. 7). heated gas burners, and used 
for the preliminary heat treatment raw clays, connection with 
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the study the drying problems certain raw materials. 
tended work with temperatures high 250° cent. 

Another drying closet, heated steam coils (Fig. 8), intended 
for drying various clay products, has been designed with special 
reference the exact regulation the temperature, humidity, and 
velocity the air flowing through it. Both dryers connect 
with iron stack outside the building. This stack provided with 
suction fan, driven belt from electric motor. 

the second floor are the chemical, physical, and research labora- 


tories, dealing with the precise manipulations the tests and inves- 
tigations. 


in- 


The chemical laboratory fully equipped with the necessary ap- 
paratus for carrying special chemical research silicate chemistry, 
including electrical resistance furnaces, shaking devices, ete. 
not the intention routine work this laboratory. The office 
adjoins this laboratory, and near the physical laboratory, 
devoted the study the structure raw materials. The latter 
contains Nobel and Schoene elutriators, together with viscosimeters 
the flow and the Coulomb types, sieves, voluminometers, colori- 
meters, vernier shrinkage gauges, microscopes, and the 
necessary balances. 

The room across the hall devoted the study the specific 
gravity, absorption, porosity, permeability, hardness, translucency, 
burnt-clay products, all the necessary apparatus being pro- 
vided. the two remaining rooms, intended for research work, 
special apparatus adapted the particular investigation may set 
up. All the rooms are piped for water, gas, compressed air, steam, and 
drainage, and wired for light and power. 

the kiln house there test kiln adapted for solid fuel and 
gas. the down-draft type, with available burning space 
about cu. ft. (Fig. 9). For heavier ware and the study the 
fire behavior clay products under conditions approaching those 
practice, round down-draft kiln, with inside diameter 
built. About ft. above the floor level, and supported iron 
beams, there flue parallel the long side the structure. This 


flue conducts the gases the kilns the stack, which symmetrically 
located with reference the kiln house. 


Natural gas the principal 
fuel. 


addition these kilns, small furnace, fired with 
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petroleum, provided for the determination melting points, and 
electric carbon resistance furnace, with aluminum muffle for 
high-temperature work. crucible-fusion work, gas-fired pot 


furnace installed. 
Along the north wall, bins are provided for the storage fuel, 
clay, sand, and other kiln supplies. There are two floor drainage 
sinks, and electric current, steam, water, and compressed air, are 

provided. 
DRYING CLOSETS FOR CERAMICS 
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Results the Work.—More than 300 separate test pieces have 
been made the structural-materials testing laboratory. connec- 
tion with the study these, tests and nearly 14000 chemical 
analyses have been made. these tests more than 600 have been 
the constituent materials concrete, including tensile tests 
cement briquettes, compression tests cylinders and cubes, and trans- 
verse tests various specimens. 

Nearly 1200 beams concrete reinforced concrete, each ft. 
long and in. cross-section, have been made, and, con- 
nection with the investigation the behavior these beams, nearly 
3000 tests have been made. Nearly 900 these beams, probably 
more than double the entire number made other laboratories 
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the United States, during period more than years, have been 
tested. 

the section building blocks, 2200 blocks have been tested, 
including, with auxiliary pieces, more than 4500 tests; also, more 
than 900 pieces concrete have been tested for permeability and 
shear. The physical tests have numbered 14000; tests steel for 
reinforcement, 3800; and 550 tests determine fire-resistive quali- 
ties various building materials, have been made special panels, 
and miscellaneous pieces. 


DOWN-DRAFT KILN 


Yj 


36" 


The tests the permeability cement mortars and concretes, and 
water-proofing and damp-proofing materials, have numbered 470. 

The results the work the Structural Materials Division have 
already appeared preliminary bulletins, follows: No. 324, “San 
Earthquake and Fire April 18, 1906, and Their Effects 
Structures and Structural Materials”; No. 329, “Organization, Equip- 
ment, and Operation the Structural-Materials Testing Laboratories 
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St. Louis, Mo.”; No. 331, “Portland Cement Mortars and Their Con- 
stituent Materials” (based nearly 000 tests); No. 344, “Strength 
Concrete Beams” (based tests 108 beams); No. 370, “Fire- 
Resistive Properties Various Building Materials”; No. 387, “The 
Colloid Matter Clay and its Measurements.” bulletin the 
results tests reinforced concrete beams, one the manufacture 


and chemistry lime, and one drying tests brick, are course 
publication. 
INVESTIGATIONS. 


The scope the fuel investigations has been planned conform 
the provisions the Act Congress which provides for analyzing 
and testing coals, lignites, and other mineral fuel substances belong- 
ing the United States, for the use the United States Govern- 
ment, and examinations for the purpose increasing the general 
efficiency available supply the fuel resources the United 
States. 

conformity with this plan, the investigations inaugurated 
St. Louis had for their initial object the analyzing and testing 
the coals the United States, using this work samples from 
collected with great care from typical localities the 
more important coal fields the country, with view determining 
the relative values those different fuels. the work Norfolk, 
during 1907, this purpose was modified the extent keeping 
view relative fuel efficiencies for naval purposes. The tests Denver 
have been coal from Government land from land contiguous 
thereto, and are conducted solely with view perfecting methods 
coking this coal prior washing and manipulation the 
process coking. 

Three general lines inquiry are embodied the plan investi- 
gation undertaken and contemplated the Technologic Branch, after 
conference and with the advice and approval the Advisory Board: 
The ascertainment the best mode utilizing any fuel deposit 
owned used the Government, the fuel any extensive 
deposit whole, conducting thorough investigation into 
its combustion under steam boilers, conversion into producer gas, 
into coke, briquettes, The prevention waste, through the 
study the possibility improvement the methods mining, 
shipping, utilizing, ete. The inspection and analysis coal and 
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lignite purchased under specification for the use the Government, 
ascertain its heating value, ash, contained moisture, ete. 

The first general line work concerns the investigation and test- 
ing the fuel resources the United States, and especially those be- 
longing the Federal Government, determine more efficient and 
more economical method utilizing the same. This work has de- 
veloped along the following lines: 

The collection representative samples for chemical analysis, 
and calorimeter tests corps skilled mine samplers, from the 
mines selected typical extensive deposits coal given field 
from given bed coal; and the collection from the same mines 
larger samples from carloads, shipped the testing station 
for tests boiler furnaces, gas producers, etc., check the 
analysis and calorimeter tests; 

The testing each coal received determine the most efficient 
and least wasteful method use different furnaces suitable for 
buildings power plants ships the Government; 

The testing other portions the same shipment coal the 
gas producer, for continuous runs during periods few days 
several weeks, order determine the availability this fuel for 
use such producers, and the best method handling it, determine 
the conditions requisite produce the largest amount high-grade 
gas available for power purposes; 

The testing another portion the same coal briquette ma- 
chine different pressures and with different percentages and kinds 
binder, order determine the feasibility briquetting the slack 
fine coal. Combustion tests are then made these briquettes, 
determine the conditions under which they may burned ad- 
vantageously 

Demonstrations, commercial scale, the possibility pro- 
ducing briquettes from American lignites, and the relative value 
these for purposes combustion compared with the run-of-mine 
coal from which the briquettes are made; 

The finding cheaper binders for use briquetting friable coals 
not suited for coking purposes; 

Investigations into the distribution, chemical composition, and 
orific value the peat deposits available those portions the 

United States where coal not found, and the preparation such 
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peat for combustion, drying briquetting, render useful 
local substitute for coal; 

Investigations into the character the various petroleums found 
throughout the United States, with view determining their calo- 
value, chemical composition, and the various methods whereby they 
may made most economically available for more efficient use 
power producers, through the various methods combustion; 

Investigations and tests into the relative efficiency, power pro- 
ducers internal-combustion engines, the heavier distillates 
petroleum, well kerosene and gasoline, order ascertain 
the commercial value and relative efficiency each product the 
various types engines; 

Investigations into the most efficient methods utilizing the 
various coals available throughout the United States for heating small 
public buildings, army posts, order that these coals may 
used more economically than present; 

Investigative studies into the processes combustion within boiler 
furnaces and gas producers ascertain the temperatures which the 
most complete combustion the gases takes place, and the means 
whereby such temperatures may produced and maintained, thus 
diminishing the loss values the smokestack and the amount 
smoke produced; 

Investigations and tests into the possibilities coking coals which 
have hitherto been classed non-coking, and the making compara- 
tive tests all coals found the United States, especially those from 
the public lands the West; 

Investigations, means washing suitable machines, to. deter- 
mine the possibility improving the quality American coals for 
various methods and with view making them more 
available for the production coke high-grade metallurgical value, 
free possible from sulphur and other injurious substances. 

each stage the process testing, samples the coal have 
been forwarded the chemical laboratory for analyses; combustion 
temperatures have been measured; and samples gas collected from 
various parts the combustion chambers the gas producers and 
boiler furnaces have been analyzed, order that study these data 
may throw such light the processes combustion and indicate such 


necessary changes the apparatus, might result larger econo- 
mies the use coal. 
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The second line investigation concerns the methods mining 
and preparing coal for the market, and the collection mine samples 
coal, oil, for analysis and testing. well known that, under 
present methods mining, from 75% any given deposit 
coal left underground props and supports, low-grade ma- 
terial, overlying beds broken through mining the lower bed 
first. average 50% the coal thus wasted rendered value- 
less, cannot removed subsequently because the caving 
falling the roofs abandoned galleries and the breaking 
the adjoining overlying beds, including coal, floor, and roof. 

The investigations into waste mining and the testing the 
waste, bone, and slack coal gas producers, briquettes, etc., have, 
for their purpose, the prevention this form waste demonstrat- 
ing that these materials, now wasted, may used profitably, means 
the gas producers and engines, for power purposes. 

The third general line investigation concerns the inspection and 
sampling fuel delivered the Government under purchase con- 
tracts, and the analyzing and testing the samples collected, de- 
termine their heating value and the extent which they may may 
not comply with the specifications under which they are purchased. 
The coal delivered the public buildings the District Columbia 
are sampled special representatives the Technologic Branch the 
Survey. The taking similar samples public buildings and posts 
throughout the United States, and the shipment the samples 
hermetically sealed cans jars the chemical laboratory Wash- 
ington, for the most part looked after special officers em- 
ployees each place. These purchases are made, increasing 
extent, under specifications which provide premiums for coal delivered 
excess standards, and penalties for deliveries below standards 
fixed the specifications. The standard for bituminous coals based 
mainly the heat units, ash, and sulphur, while that for anthracite 
coal is, for convenience, based mainly the percentage ash. 

connection with all these lines fuel testing, certain research 
work, both chemical and physical, carried determine the true 
composition and properties the different varieties coal, the changes 
the transformation from peat lignite, from lignite bituminous 
coal, and from bituminous anthracite coal, and the chemical and 
physical processes combustion. Experiments are conducted con- 
cerning the destructive distillation fuels; the by-products coking 
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processes; the spontaneous combustion coal; the storage coal, 
and the loss value various methods storing; and 
questions, such the weathering coal. These experiments may 
yield valuable results through careful chemical research work supple- 
mented equally careful observations the field. 

Inspection and Mine the Geological Survey Build- 
ing, Washington, coal purchased for Government use guaran- 
teed-analysis heat-value basis, inspected and sampled. All sam- 
ples fuels required the investigation the Pittsburg plant and 
elsewhere are obtained employees this section. 


COAL-SAMPLING ROOM, GEOLOGICAL SURVEY, WASHINGTON, D.C. 
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Some the employees this work are constantly the mines 
taking samples, public works inspecting coal for Government use, 
while others are stationed Washington look after the deliveries 
coal the many public buildings, and collect and prepare samples 
taken from these deliveries for analysis, well prepare samples 
received from public works and buildings other parts the country. 

The preparation these samples carried room the 
basement the building, where special machinery has been installed 
for this Fig. shows plan this room and the arrange- 
ment the sampling and crushing machinery. 

The crushing the coal produces great quantities objectionable 
dust, and prevent this dust from giving trouble outside the sampling 
room, the wooden partitions three sides the room (the fourth 
side being masonry wall) are completely covered the outside with 
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sheet iron. The only openings the room are two doors, 
which are likewise covered with sheet iron, and provided with broad 
the same material, order seal effectually the openings 
when the doors are shut. Fresh air drawn into the room fan, 
through pipe leading the outer air. dust-collecting system 
which carries the coal dust and spent air from the room, consists 
arrangement 8-in. and 12-in. pipes leading from hoods, placed over 
the machines, the main furnace stack the building. The 
draft this stack draws all the dust from the crushers directly 
through the hoods the main pipe, where most deposited. 

The equipment the sampling room consists one motor-driven, 
baby hammer crusher, which has capacity about ton per hour and 
crushes fineness mesh; one adjustable chipmunk jaw 
crusher, for and 10-lb. samples; one set 74-in. rolls, crush- 
ing mesh, for small samples; one large bucking board, and 
several different sizes riffle samplers for reducing samples small 
quantities. The small crushers are belted shaft driven sepa- 
rate motor from that driving the baby crusher. 

conducting the inspection departmental purchases coal 
Washington, the office notified whenever delivery coal 
made one the buildings, and inspector sent, who remains 
during the unloading the coal. provided with galvanized-iron 
buckets having lids and locks; each bucket holds about coal. 
these buckets puts small quantities the coal taken from every 
portion the delivery, and when the delivery has been completed, 
locks the buckets and notifies the office send wagon for them. The 
buckets are numbered consecutively, and the inspector makes record 
these numbers, the date, point delivery, quality coal delivered, 
ete. The buckets are also tagged prevent error. then reports 
the office person, telephone, for assignment another 
point the city. All the samples are delivered the crushing room 
the basement the Survey Building, prepared for analysis. 

Samples taken from coal delivered points outside Washing- 
ton are taken representatives the department for which the coal 
being purchased, according instructions furnished them, and, from 
time time, the regular inspectors are sent see that these in- 
structions are being complied with. These samples are crushed 
hand, reduced about the point where they are taken, and sent 
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Washington, proper air-tight containers, mail express, 
accompanied appropriate descriptions. 

Each sample entered the sample record book when received, 
and given serial number. For each contract card provided 
giving information relative the contract. this card also en- 
tered the serial number each sample coal delivered under that 
contract. 

After the samples are recorded, they are sent the crushing room, 
where they are reduced the proper bulk and fineness for analysis. 
They are then sent, rubber-stoppered bottles, accompanied blank 
analysis report cards and card receipts, one for each sample, showing 
the serial numbers, the Laboratory Departmental Purchases for 
analysis. The receipt card for each sample signed and returned 
the inspection office, and when the analysis has been made, the analysis 
report card showing the result returned. This result entered 
once the contract card, and when all analyses have been received, 
covering the entire delivery coal, the average quality calculated, 
and the results are reported the proper department. 

The matter supplying the Pittsburg plant with fuel for test 
purposes also carried from the Washington office. Preliminary 
series investigations, the kinds and amounts coal required 
are decided on, and the localities from which these coals are 
obtained are determined. Negotiations are then opened with the mine 
owners, who, most cases, generously donate the coal. When the 

preliminaries have been arranged, inspector sent the mine 
supervise the loading and shipment the coal. This inspector enters 
the mine and takes, for chemical analysis, small mine samples which 
are sent the laboratory Pittsburg metal cans mail, accom- 
panied proper identification cards. The results the analysis are 
furnished the experts charge the testing plant, for their in- 
formation and guidance the investigations for which the coal was 
shipped. 

All samples for testing purposes are designated consecutively the 
order shipment, “Pittsburg No. 1,” “Pittsburg No. 2,” ete. com- 
plete record all shipments kept card forms the Pittsburg 
plant, and duplicate set these file the inspection office 
Washington. 


Analysis Fuels—The routine analyses fuel used the com- 
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bustion tests Pittsburg, and the gases resulting from combustion 
from explosions the testing galleries, sampled the mines, 
are made Building No. 21. small laboratory also maintained 
the floor the south end Building No. 13, for analyses 
gases resulting from combustion the producer-gas plant, and from 
explosions Galleries Nos. and From four six chemists 
are continually employed this laboratory (in 8-hour shifts), during 
prolonged gas-producer tests, and three chemists are also employed 
analyzing gases relating mine explosions. 

addition these gas analyses, there are also made the main 
laboratory, analyses and calorific tests all coal samples collected 
the Geological Survey connection with its land-classification work 
the coal lands the Western States. analyses mine, 
car, and furnace samples fuels for testing, before and after washing 
and briquetting, before coking and the resultant coke, and extraction 
analyses binders for briquettes, etc., are also made this laboratory. 

The fuel-testing laboratory Washington equipped with two 
Mahler bomb calorimeters and the necessary balances and chemical 
equipment required the proximate analysis coal. More than 
225 deliveries coal are sampled each month for tests, representing 
50000 tons purchased per month, besides daily deliveries, ship- 
board, 600000 tons coal for the Panama Railroad. The data 
obtained these tests furnish the basis for payment. The tests cover 
deliveries coal the forty odd bureaus, and the District Muni- 
cipal Building Washington; the arsenals Watertown, Mass., 
Frankford, Pa., and Rock Island, and number navy yards, 
through the Bureau Yards and Docks; military posts various 
parts the country, through the Quartermaster-General’s Department; 
the Reclamation Service, through its purchasing officer Chicago; 
several lighthouse districts; and the superintendents the various 
buildings throughout the United States, through the Treasury 
Department; ete. During 1909, the average rate reporting fuel 
samples was 540 per month, requiring, average, six determina- 
tions per sample, about 240 determinations per month. 

Fuel-Research laboratories, occupying, 
the average, three rooms each, are located Building No. 21. One 
used for chemical investigations and calorific tests petroleum col- 
lected from the various oil fields the United States; another used 
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for investigations relative the extraction coal and the rapidity 
oxidization coals standard solutions oxidizing agents; and 
another occupied with investigations into the destructive distillation 
coal. The researches under way show the wide variation chemical 
composition and calorific value the various crude oils, indicate the 


possibility the extraction coal 
constituents solvents, and point 
important results relative the 
equilibrium gases high tem- 
peratures furnaces and gas pro- 


ducers. The investigations also 


bear directly the coking pro- 


cesses, especially the by-product 
process, showing the varying 


proportion each the volatile 


products derivable from types 
coals occurring the various 
coal fields the United States, the 
time and temperature which 
these distillates are given off, the 
variation quality and quantity 
the products, according the 
conditions temperature, and, 
addition, explain the deterioration 
coals storage, etc. 

the Washington office, micro- 
scopic investigations into the life 
history coal, lignite, and peat are 
being conducted. These investiga- 
tions have already progressed far 
enough admit the identifica- 
tion some the botanical con- 
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stituents the older peats and the younger lignites, and believed 
that the origin the older lignites, and even some the more 
recent bituminous coals, may developed through this examination. 
the chemical laboratories, Building No. 21, the hoods (Figs. 
and 12) are iron, with brick pan underneath. They are sup- 
ported iron pipes, are most the other fixtures the laboratories 
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this building. The hood proper japanned, pressed-iron plate, 
No. gauge, the same material being used for the boxes, slides, and 
bottom surrounding the hood. The sash hung red copper pulleys, 
and the corners the hood are reinforced with pressed, japanned, 
riveted plate which the ventilating pipe riveted. 
There some variety the cupboards and tables provided the 
various laboratories, but, general, they follow the design shown 
Fig. 13. The table tops, ft. long, are clear maple full-length 
pieces, in. thick and in. wide, laid edge and drilled 18-in. 
intervals for bolts. These pieces are glued and drawn together the 
bolts, the heads which are countersunk. The tops, planed off, sanded, 
and rounded, are supported pipe legs and frames 14-in. 
galvanized-iron pipe with screw flanges fitting the floor and top. 
Under the tops are drawers and above them re-agent shelves. 
way between the table top and the floor wire shelf frame- 
work No. wire interlaced with No. weave 3-in. square mesh. 
Certain the tables used the laboratory are fitted with cup- 
boards beneath and with drawers, and, place re-agent stands, 
sinks are sunk into them. These tables follow, 
general style and construction, the re-agent tables. The tables used 
connection with calorimeter determinations are illustrated Fig. 14. 
The sinks provided throughout these laboratories are standard porce- 
lain enamel, rolled rim, in., with enameled back, over sink 
and drain board, in. long the left side, though there are varia- 
tions from this type some instances. 
The plumbing includes separate lines pipe each hood and 
table; one each for cold water, steam from pressure, com- 
pressed air, natural gas, and, some live steam pressure 
each table exposed drainage system galvanized- 
iron pipe, the upper surface which holes have been bored, through 
which the various apparatus drain means flexible connections 
glass rubber. These pipes and the sinks, discharge into main 
drains, hung the ceiling the floor beneath. These drains are 
wood, asphaltum coated, with inside diameter ranging from in., 
and the proper grades secure free discharge. These wooden drain- 
pipes are made short lengths, strengthened spiral wrapping 
metal bands, and are tested pressure per sq. in. Angles 
are turned and branches connected and 6-in. square headers. 
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The entire building ventilated force blower fan the 
basement, and exhaust fan the attic with sufficient capacity 
insure complete renewal air each laboratory once min. 

The blower fan placed the center the building, the 
ground floor, and 100 in. diameter. Its capacity about 
cu. ft. air per min., and forces the air, through series pipes, 
into registers placed each the laboratories. 

The exhaust fan, the center the attic, run 550 rev. per 
min., and has capacity 600 cu. ft. air per. min. draws the 
air from each the rooms below, well from the hoods, through 
main pipe, in. diameter. 

Steaming and Combustion investigations included 
under the term, fuel efficiency, relate the utilization the various 
types fuels found the coal fields, and deal primarily with the 
combustion such fuels gas producers, the furnaces steam 
boilers, locomotives, and with the efficiency and utilization 
petroleum, kerosene, gasoline, internal-combustion engines. 
This work under the general direction Mr. Fernald, and 
conducted principally Buildings Nos. (Plate LX) and 

For tests combustion fuels purchased the Government, 
the equipment consists two Heine, water-tube boilers, each 210 
h.p., set Building No. 18. One these boilers equipped with 
Jones underfeed stoker, and baffled the regular way. four 
points the setting, large pipes have been built into the brick wall, 
permit making observations the temperature the gas, and 
take samples the gas for chemical analysis. 

The other boiler set with plain hand-fired grate. baffled 
give extra passage for the gases (Fig. 15). Through the side 
this boiler, the rear end, the gases from the long combustion 
chamber enter and take the same course those from the hand- 
fired grate. Both the hand-fired grate and the long combustion 
chamber may operated the same time, but expected that 
usually only one will operation. forced-draft fan has been in- 
stalled one side the hand-fired boiler, provide air pressure 
when coal being burned high capacity. This fan also con- 
nected such way furnish air for the long combustion 
chamber when desired. more complete description the boilers 
may found Professional Paper No. 48, and Bulletin No. 325, 
which the water-measuring apparatus also described. 
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account the distance from Building No. the main 
group buildings, was considered inadvisable attempt fur- 
nish steam from Building No. Building No. 21, either for heat- 
ing power purposes. view, moreover, the necessity in- 
stalling various types and sizes house-heating boilers, account 
tests made thereon connection with these investigations, 
was decided install these boilers the lower floor Building 
No. 21, where they could utilized, not only making the necessary 
tests, but furnishing heat and steam for the building and the 
chemical laboratories therein. 


SETTING FOR 
POWER, HAND-FIRED BOILERS 


AAANANY 


long combustion 
chamber 


Observation Hood anchor-bolts 


15. 


addition the physical laboratory the lower floor Build- 
ing No. 21, and the house-heating boiler plant with the necessary coal 


storage, there are rooms devoted the storage heavy supplies, 


samples fuels and oils, and miscellaneous commercial apparatus. 


One room occupied the ventilating fan and one used for the 


necessary crushers, rolls, required connection with the sampling 


coal prior analysis. 


The Quartermaster’s Department having expressed wish that 


tests made the heating value and the various fuels 
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offered that Department, connection with the heating military 
posts throughout the country, three house-heating boilers were pro- 
cured which represent, general way, the types and sizes used 
medium-sized hospital other similar building, and smaller 
residences (Fig. Plate LIX). The larger apparatus horizontal 
return-tubular boiler, in. diameter, ft. long, and having fifty- 
four 4-in. tubes. 

order determine whether such boiler may operated under 
heating conditions without making smoke, when burning various kinds 
coal, has been installed accordance with accepted ideas re- 
garding the prevention smoke. fire-brick arch extends over the 
entire grate surface and past the bridge wall. wall has been 
built the combustion chamber, which compels the gases pass 
downward and divide through two openings before they reach 
the boiler shell. Provision has been made for the admission air 
the front the furnace, underneath the arch, and the rear end 
the bridge wall, thus furnishing air both above and below the fire. 
not expected that all coals can burned without smoke this 
furnace, but desirable determine under what conditions some 
kinds coals may burned without objectionable smoke. 

For sampling the gases the smokebox the horizontal return- 
tubular boiler, special flue-gas sampler was designed, order 
obtain composite sample the gases escaping from the boiler. 

The other heaters are two cast-iron house-heating boilers. One 
can supply 400 sq. ft. radiation and the other about 4000 sq. ft. 
They were installed primarily for the purpose testing coals de- 
termine their relative value when burned for heating purposes. They 
are piped specially designed separator, and from this pres- 
sure-reducing valve. Beyond this valve orifice allows the steam 
escape into the regular heating mains. This arrangement makes 
possible maintain practically constant load the boilers. 

There fourth boiler, designed and built for testing purposes 
the Quartermaster’s Department. This tubular boiler de- 
signed the lines house-heating boiler, but for use 
meter determine the relative heat value different fuels reduced 
the basis standard cord oak wood. 

series research tests the processes combustion being 
Building No. 13, Mr. Henry Kreisinger. These 
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tests are being made chiefly long combustion chamber (Figs. 
and 17, and Figs. and Plate which fed with hot gases 
from Murphy mechanical stoker, and discharges these the rear 
end the combustion chamber, into the hand-fired Heine boiler. 
The walls and roof this chamber are double; the inner wall in. 
thick, fire-brick; the outer one in. thick, and faced with 
red pressed brick. Between the walls the sides there 2-in. air 
space, and between them the roof 1-in. layer paste 
placed. The inner walls and roof have three special slip-joints, 
allow for expansion. The floor protected 
layer asbestos board, which turn covered 3-in. layer 
earth; top this earth there 4-in. layer fire-brick (not 
shown the drawings). 


CROSS-SECTIONS CHAMBER AND FURNACE, 
LONG COMBUSTION CHAMBER 


Inasmuch one the first problems attacked will the 
determination the length travel and the time required com- 
plete combustion flame which the lines stream flow are 
nearly parallel, great care was taken make the inner surfaces the 
tunnel smooth, and all corners and hollows are rounded out the 
direction travel the gases. 

Provision made, large peep-holes the sides, and smaller 
sampling holes the top, for observing the fuel bed several points 
and also the flamé 5-ft. intervals along the tunnel. Temperatures 
and gas samples are taken simultaneously number points 
through these holes, determine, possible, the progress 
combustion (Fig. Plate 
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About twenty thermo-couples are embedded the walls, roof, and 
floor, some within in. the inside edge the tunnel walls, and some 
the red pressed brick near the outer surface, the object which 
procure data heat conduction through well-built brick walls 
(Fig. Plate 

order minimize the leakage air through the brickwork, 
the furnace and tunnel are kept nearly possible atmospheric 
pressure the combined use pressure and exhausting fans. Never- 
theless, the leakage determined periodically accurately pos- 
sible. 

first number tests were run calibrate the apparatus 
whole, all these preliminary tests being made cheap, carefully 
inspected, uniform screenings from the same seam the same mine 
near Pittsburg. tests will run with other coals 
volatile contents and various distillation properties. 

anticipated that the progress the tests may suggest changes 
the construction operation this chamber. especially con- 
templated that the section the chamber may narrowed down 
laying sand the bottom and fire-brick thereon; also that baffle 
walls may built into various portions it, and that cooling sur- 
faces with baffling may introduced. addition variations 
the tests, due changes construction the combustion chamber, 
there will variations the fuels tested. Especial effort will 
made procure fuels ranging volatile content from and 
40%, and those high tar and heavy hydro-carbons. also pro- 
posed vary the conditions testing burning high rates, 
such 15, 20, and per ft. grate surface, and even higher. 
Records will kept the weight coal fired and each firing, 
the weight ash, samples coal and ash will taken for 
chemical and physical analysis, well samples the gas, and 
other essential data. These records will studied detail. 

series heat-transmission tests undertaken two years ago, 
being continued the ground floor Building No. 21, modified 
apparatus reconstructed the light the earlier experiments Mr. 
Ray. The purpose the tests this apparatus has been 
determine some the laws controlling the rate transmission 


heat from hot gas liquid and vice versa, the two being the 
opposite sides metal tube. 
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appears that four factors determine the rate heat imparta- 

tion from the gas any small area the metal*: 

(1).—The temperature difference between the body the gas and the 
metal; 

(2).—The weight the gas per foot, which proportional 
the number molecules any unit volume; 

(3).—The bodily velocity the motion the gas parallel any 
small area under consideration; and (probably), 

(4).—The specific heat the gas constant pressure. 

The apparatus consists electric resistance furnace contain- 
ing coils nickel wire, small (interchangeable) multi-tubular boiler, 
and steam-jet apparatus for reducing the air pressure the exit 
end, cause flow air through the boiler. surface con- 
denser was attached the boiler’s steam outlet, the condensed steam 
being weighed check the feed-water measurements. number 
thermometers and thermo-couples were used obtain atmospheric- 
air temperature, temperatures the air entering and leaving the 
boilers, and feed-water temperature. 

The apparatus now being reconstructed with appliances for 
measuring the quantity air entering the furnace, and automatic 
temperature regulator. 


Three sizes boiler have been tested thus far, the dimensions 
being given Table 


Boiler Boiler Boiler 
Items. 0.2. No.3. 


Distance, outside outside boiler heads, inches 


8.28 8.28 16.125 
Actual outside diameter flues, 0.252 0.313 
Actual inside diameter flues, 0.175 


Each the three boilers was tested several temperatures 


entering air, 1500° Fahr., about ten tests being made each 
also the intention run, these three boilers, 
about eight tests temperatures 1800°, 2100° and 2400° Fahr., 


respectively. bulletin the work already done, together with much 
incidental matter, course preparation. 


temperature. 


*The assumption made that metal tube free from scale will remain almost cool 


the actual measurements with thermo-couples have indicated the correctness 
this assumption the majority cases. 
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The work the first three boilers only beginning; prepara- 
tions are being made test eight more multi-tubular boilers 
various lengths and tube diameters, under similar conditions. Be- 
cause the experience already obtained, will necessary make 
only eight tests each initial air temperature. 

When the work multi-tubular boilers completed, water-tube 
boilers will taken up, for which fairly complete outline has 
been prepared. This second water-tube portion the investigation 
really the greater and commercial interest, but the 
multi-tubular boilers were investigated first because the mathematical 
treatment much simpler. 

Producer-Gas Tests—The producer-gas plant the Pittsburg 
testing station charge Mr. Carl Smith, and has been in- 
stalled for the purpose testing low-grade fuel, bone coal, roof coal, 
mine refuse, and such material usually considered little value, 
even worthless for power purposes. The gas engine, gas producer, 
economizer, wet scrubber (Fig. Plate and accessories, are 
Building No. 13, and the dry scrubber, gas-holder, and water-cooling 
apparatus are immediately outside that building (Fig. Plate 

present immense quantities fuel are left the mines, 
the form culm and slack, which, quality, are much below the 
average output. Such fuel considered little value, chiefly 
because there apparatus general use which can burn 
good advantage. The heat value this fuel often from 75% 
that the fuel marketed, and not utilized, represents im- 
mense waste natural resources. Large quantities low-grade fuel 
are also left the mines, simply because present conditions not 
warrant its extraction, and left such way that will 
very difficult, not practically impossible, for future generations 
take out such fuel when will premium. Again, there are 
large deposits low-grade fuel regions far remote from the sources 
the present fuel supply, but where its successful and economic 
utilization would boon the community and material ad- 
vantage the country large. The great importance the success- 
ful utilization low-grade fuel obvious. Until within very recent 
years little had been accomplished along these lines, and there was 
little hope ever being able use these fuels successfully. 

The development the gas producer for the utilization ordinary 
fuels, however, indicates that the successful utilization practically 
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all low-grade fuel well within the range possibility. 
notable that, although all producer-gas tests the Government test- 
ing stations, St. Louis and Norfolk, were made type pro- 
ducer designed primarily for good grade anthracite coal, the 
fuels tested included wide range bituminous coals and lignites, 
and even peat and bone coal, and that, nearly every test, little 
serious difficulty was encountered maintaining satisfactory operat- 
ing conditions. interesting note that one test, bone coal 
containing more than 45% ash was easily handled the producer, 
and that practically full load was maintained for the regulation test 
period hours.* 

not expected that all the fuels tested will prove im- 
mediate commercial value, but hoped that much light will 
thrown this important problem. 

The equipment for this work consists single gas generator, 
rated 150 h.p., and three-cylinder, vertical gas engine the 
same capacity. The producer Loomis-Pettibone, down-draft, made 
the Power and Mining Machinery Company, Cudahy, Wis., and 
known its “Type plant. The gas generator consists 
shell, ft. diameter, carefully lined with fire-brick, and 
having internal diameter approximately ft. Near the bottom 
the generator there fire-brick grate, which the fuel bed rests. 
The fuel charged the top the producer through door (Fig. 
Plate which may left open considerable time without af- 
fecting the operation the producer, thus enabling the operator 
watch and control the fuel bed with little inconvenience. the gas 
generated, passes downward through the hot fuel bed and through the 
fire-brick grate. This down-draft feature “fixes,” makes into perma- 
nent gases, the tarry vapors which are distilled from bituminous coal 
when first charged into the producer. motor-driven exhauster 
with capacity 375 cu. ft. per min., draws the hot gas from the base 
the producer through economizer, where the sensible heat the 
gas used pre-heat the air and form the water vapor necessary 
for the operation the producer. The pre-heated air and vapor leave 
the economizer and enter the producer through passageway near the 
top and above the fuel bed. From the economizer the gas drawn 
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through wet scrubber where undergoes further cooling and 
cleansed dirt and dust. After passing the wet scrubber the gas, 
under light pressure, forced, the exhauster, through dry 
gas-holder with capacity about 1000 cu. ft. 

All the fuel used carefully weighed scales which are checked 
from time time standard weights; and, the fuel charged 
into the producer, sample taken for chemical analysis and for the 
determination its power. The water required for the 
generation the vapor supplied from small tank carefully grad- 
uated pounds; this observation made and recorded every hour. 
All the water used the wet scrubber measured passing 
through piston-type water meter, which calibrated from time 
time insure fair degree of. accuracy the measurement. Pro- 
vision made for observing the pressure and temperature the gas 
various points; these are observed and recorded every hour. 

From the holder the gas passes through large meter the vertical 
three-cylinder Westinghouse engine, which connected 
175-kw., direct-current generator. The load the generator 
measured carefully calibrated switch-board instruments, 
regulated specially constructed water rheostat which stands 
front the building. 

Careful notes are kept the engine operation; the gas consump- 
tion and the load the engine are observed and recorded every 
min.; the quantity jacket water used the gas engine, and also 
its temperature entering and leaving the engine jackets, are recorded 
every hour. Indicator cards are taken every hours. The work 
continuous, and each day divided into three shifts hours each; 
the length test, however, determined very largely the char- 
acter and behavior the fuel used. 

preliminary study the relative efficiency the coals found 
different portions the United States, producers illuminating 
gas, has been nearly completed under the direction Mr. Alfred 
White, and bulletin setting forth the results press. 

Tests Liquid liquid fuels internal-combustion 
engines, charge Mr. Strong, are conducted the engine- 
room Building No. 13. 

The various liquid hydro-carbon fuels used internal-combustion 
engines for producing power, range from the light refined oils, such 
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naphtha, the crude petroleums, and have correspondingly wide 
variation physical and chemical properties. 

The most satisfactory the liquid fuels for use internal-com- 
bustion engines, are alcohol and the light refined hydro-carbon oils, 
such gasoline. These fuels, however, are the most expensive com- 
mercial use, even when consumed with the highest practical efficiency, 
which, thought, has already been attained, far present types 
engines are concerned. 

present little known how far many the very cheap 
distillates and crude petroleums can used fuel for internal-com- 
bustion engines. difficult use them all, regardless 
efficiency. 

Gasoline comparatively constant quality, and can used 
with equal efficiency any gasoline engine the better grade. There 
are many makes high-grade gasoline engines, tests any which 
may taken representative the performance and action 
gasoline internal-combustion engine, the conditions under 
which the tests were made are clearly stated and are similar. 

Kerosene varies widely quality, and requires special devices for 
its use, but little cheaper than gasoline. possible that the 
kerosene engine may developed permit take the place 
the smaller stationary and marine gasoline engines. This would 
mean considerable saving fuel cost the small power user, who 
now finds the liquid-fuel internal-combustion engine commercial 
advantage. number engines present the market use kero- 
sene; some use only the lighter grades and are best comparatively 
less efficient than gasoline engines. All these engines have ad- 
justed the grade oil used order get the best results. 

Kerosene engines are two general types: the external-vaporizer 
type, which the fuel vaporized and mixed with air before 
taken into the cylinder; and the internal-vaporizer type, 
which the liquid fuel forced into the cylinder and vaporized 
contact with the hot gases heated walls combustion chamber 
head the cylinder. number special devices for vaporiz- 
ing kerosene and the lighter distillates have been tried and used with 
some success. Heat necessary vaporize the kerosene quickly 
required, and the degree heat must held between the 
temperature vaporization and that which the oil will carbon- 
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ized. The vapor must also thoroughly and uniformly mixed with 
air order obtain complete combustion. yet, reliable data 
these limiting temperatures for kerosene and similar oils have 
been obtained. investigation has ever been made possible methods 
for preventing the oils from the higher temperatures, 
and the properties explosive mixtures oil vapors and air have 
not been studied. This field engineering laboratory research 
vital importance the solution the kerosene-engine problem. 

Distillates fuel oils and the crude oils are much the cheapest 
the liquid fuels, and used efficiently internal-combustion en- 
gines would far the cheapest fuels available many large 
districts. 

Several engine builders are developing kerosene vaporizers, which 
are built part the engine, are adapted each different 
engine, required obtain the best results. Most these vaporizers 
use the heat and the exhaust gases vaporize the fuel, but they 
differ greatly construction; some are the retort type, and others 
are the float-feed carburetter type. what extent the lower- 
grade fuel oils can used with these vaporizers yet deter- 
mined. 

There are only few successful oil engines the American market. 
The most prominent these represent specific applications the 
principal methods internal vaporization, and all except one are 
the hot-bulb ignition type. will probably found that one 
the 4-stroke cycle, 2-stroke cycle, engines best for all grades 
oil, but rather that each best for some one grade. The Diesel 
engine class itself, its and method control being 
somewhat different from the others. 

investigation the comparative adaptability gasoline and 
aleohol use internal-combustion engines, consisting more than 
2000 tests, was made the temporary fuel-testing plant the Geo- 
logical Survey, Norfolk, Va., 1907. detailed report these 
tests preparation. similar investigation the comparative 
adaptability kerosenes has been commenced, with view obtain- 
ing data their economical use, leading the investigation 
the comparative fuel values the cheaper distillates and crude petro- 
leum, before discussed. 

Washing and Coking Tests—The investigations relating the 
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preparation low-grade coals, such those high ash sulphur, 
processes that will give them higher market value increase 
their efficiency use, are Mr. Belden. They in- 
clude the washing and coking tests coals, and the briquetting 
slack and low-grade coal and culm-bank refuse adapt these 
fuels for combustion furnaces, ete. 

This work has been conducted the washery and coking plant 
temporarily located Denver, Colo., and Building No. the 
Pittsburg testing station, where briquetting progress. The de- 
tails these tests are set forth the various bulletins issued the 
Geological Survey. 

The washing tests are carried out the following manner: 
the raw coal received the plant, shoveled from the railroad 
ears the hopper and weighed. then passes through the 
tooth-roll crusher, where the lumps are broken down maximum 
size in. apron conveyor delivers the coal elevator 
which raises one the storage bins. the coal being elevated, 
average sample representing the whole shipment taken. 
analysis made this sample raw coal and float-and-sink tests 
are run determine the size which necessary crush before 
washing, and the percentage refuse with the best separation. From 
the data thus obtained, the washing machines are adjusted that 
the washing test made with full knowledge the separations possi- 
ble under varying percentages refuse. The raw coal drawn from 


the bin and delivered corrugated-roll disintegrator, where 


crushed the size found most suitable, and then delivered the 
raw-coal elevator another storage bin. The arrangement the 
plant such that the coal may first washed Stewart jig, and 
the refuse then delivered and re-washed special jig, the 
refuse may re-crushed and then re-washed. 

When the coal washed, drops the sluice box, where 
mixed with the water and sluiced the jigs. drawing off 
the washed when the uncrushed raw coal drawn from 
bin and crushed for the washing tests, however, gate just below 
the coal-flow regulating gate thrown in, and the coal falls into 
central hopper instead into the sluice box. Ordinarily, this gate 
forms one side the vertical chute. The coal this central hopper 
carried chute the apron conveyor, and thence the roll 
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disintegrator, or, case washed coal, swing-hammer 
will noted that coal, this manner, can drawn 
from bin the same time that coal being taken from another 
bin, and sluiced the jigs for washing, the two operations not inter- 
fering the least. 

The washed coal, after being crushed and elevated the top 
the building, conveyed chute the coke-oven larry, and 
weighed the track scale, after which charged the oven. The 
refuse sampled and weighed wheeled the dump pile, and 
from this sample the analysis made and float-and-sink test run 
determine the “loss good coal” the refuse and show the 
efficiency the washing test. 

The coking tests have been conducted battery two beehive 
ovens, one ft. high and ft. diameter, the other, ft. high and 
ft. diameter. standard larry with capacity tons, and 
the necessary scales for weighing accurately the coal charged and 
coke produced, complete the equipment. The coal usually run 
through roll crusher which breaks about 4-in. size, through 
Pennsylvania hammer crusher. The fineness the coals put through 
the hammer crusher varies somewhat, but the average, taken from 
large number samples, follows: Through mesh, 100%; 
over 10-mesh, 31.43%; over 20-mesh, 24.29%; over 40-mesh, 22.86%; 
over 60-mesh, per cent. The results the coking tests are set 
forth detail the various publications issued this subject.* 

Tests coke produced the illuminating-gas investigations be- 
fore referred to, and study commercial coking and by-product 
plants, are included these investigations. 

Briquetting investigations are charge 
Mr. Wright, and are conducted Building No. 32, which 
fire-proof construction, having steel-skeleton frame work, reinforced- 
concrete floors, and 2-in. cement curtain walls, plastered expanded- 
metal laths. this building two briquetting machines are installed, 
one English machine the Johnson type, and the other German 
lignite machine very powerful construction. 

The investigations include the possibility making satisfactory 
commercial fuels from lignite low-grade coals which not stand 


Geological Survey, Professional Paper No. 48, Pt. and Bulletins Nos. 290, 
332, 336, 368, 385, and 
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shipment well, the benefiting culm slack coals which are wasted 
sold unremunerative prices, and the possibility improving the 
efficiency good coals. Some the various forms commercial 
briquettes, American and foreign, are shown Fig. Plate 
After undergoing chemical analysis, the coal elevated and fed 
storage bin, whence drawn through chute hopper the 
weighing scales. There mixed with varying percentages dif- 
ferent kinds binding material, and the tests are conducted 
ascertain the most suitable binder for each kind fuel, which will 
produce the most durable and weather-proof briquette least cost, 
and the minimum quantity necessary produce good, firm bri- 
quette. After weighing, the materials tested are run through 
the necessary grinding and pulverizing machines and are fed into the 
briquetting machines, whence the manufactured briquettes are de- 
livered for loading storage. The materials used the Ger- 
man machine are also dried and cooled again. 

The briquettes made this plant are then subjected physical 
tests order determine their weathering qualities and their resist- 
ance abrasion; extraction tests and chemical analyses are also made. 
Meanwhile other briquettes from the same lots are subjected com- 
bustion tests for comparison with the same coal not briquetted. These 
tests are made stationary boilers, house-heating boilers, 
motives, naval vessels, and the results, both the processes 
manufacture, and the tests,. are published various bulletins 
issued the Geological Survey. 

The equipment includes storage bins for the raw coal, scales for 
weighing, machines for crushing cracking the pitch, grinders, 
crushers, and disintegrators for reducing the coal the desired fine- 
ness, heating and mixing apparatus, presses and moulds for forming 
the briquettes, Schulz drier, and cooling apparatus. 

There small experimental hand-briquetting press (Fig. 
Plate LXIV) for making preliminary tests the briquetting qualities 
the various coals and lignites. With this easily possible 
vary the pressure, heat, percentage, and kind binder, de- 
termine the best briquetting conditions for each fuel before subject- 
ing large-scale commercial tests the big briquetting machines 

This hand press will exert pressures tons per 
sq. in., plunger in. diameter. This plunger enters mould, 
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which can heated steam jacket supplied with ordinary satu- 
rated steam 125 and compresses the fuel into 
briquette, in. long, under the conditions temperature and pressure 
desired. 

The Johnson briquetting machine, which requires h.p. for its 
operation, exerts pressure about 2500 lb. per sq. in., and makes 
average weight about The capacity the machine (Fig. 
Plate LXIV) about 3.8 tons briquettes per 8-hour day. 

Under the hopper the scales for the raw material square 
wooden reciprocal plunger which pushes the fuel into hole the 
floor uniform rate. The pitch added uniformly possible 
hand, the coal passes this hole. Under this hole horizontal 
conveyor carries the fuel and pitch the disintegrator, front 
which, the feeding chute, there powerful magnet for pick- 
ing out any pieces iron which might enter the machine and cause 
trouble. 

The ground mixture elevated from the disintegrator point 
above the top the upper mixer the machine. the base this 
cylinder, steam can admitted several openings heat the ma- 
terial any desired temperature, usually from 180° 205° Fahr. 
There, plunger, making strokes per min., compresses two bri- 
quettes each stroke. 

The German lignite-briquetting machine (Figs. and 19) was 
made the Maschinenfabrik Buckau Magde- 
burg, Germany. Lignite from the storage room the third floor 
the building fed into one end Schulz tubular drier (Fig. 
Plate LXV), which similar multi-tubular boiler set slight 
angle from the horizontal, and slowly revolved worm and wheel 
gearing, the lignite passing through the tubes and the steam being 
within the boiler. From this drier the lignite passes through sorting 
sieve and crushing rolls cooling apparatus, which consists four 
horizontal plates, about ft. diameter, over which the 
dried material moved rakes. After cooling, the material car- 
ried long, worm conveyor large hopper over the briquette 
press, and feeding box the press (Fig. Plate LXV). 

The press, which the open-mould type, consists ram 
and die plates, the latter being set make tube which grad- 
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ually tapers toward the delivery end the machine. The briquettes 
have cross-section similar ellipse with the ends slightly cut off; 
they are about in. thick and average about weight (Fig. 
Plate The press operated direct connection with 
steam engine 150 h.p., the base which continuous with that 
the press. The exhaust steam from the engine used heat the 
driver. 

The plunger makes from 100 strokes per min., the pressure 
exerted ranging from 14000 28000 lb. per sq. in., the capacity 
the machine being briquette per stroke, from tons 
completed briquettes per hour. expected that binder will 
needed for practically all the brown lignite briquetted this ma- 
chine, thus reducing the cost compared with the briquetting 
coals, which require from water-gas, pitch binder costing 
more than cents per ton manufactured briquettes. 

Peat into the distribution, produc- 
tion, origin, nature, and uses being conducted Mr. 
Davis, and include co-operative arrangements with State Geological 
Surveys and the Geologic Branch the Geological Survey. 
These organizations conduct surveys which include the mapping 
the peat deposits the field, the determination their extent and 
limitations, the sampling peat from various depths, and the trans- 
mittal samples the Pittsburg laboratories for analysis and test. 

This work co-ordinated such manner result uniform 
methods procedure studying the peat deposits the United 
States. The samples peat are subjected examina- 
tion, order determine their origin and age, and chemical and 
physical tests the laboratories Pittsburg, ascertain the 
chemical composition and value, the resistance compressive 
strains, the ash and moisture content, drying properties, resistance 
abrasion, ete. Occasionally, large quantities peat are disin- 
tegrated and machined, and portions, after drying for different 
periods, are subjected combustion tests steam boilers and tests 
the gas producer, ascertain their efficiency power producers. 

full value such investigations have been 
described the preceding pages cannot realized for many years; 
but, even within the four years during which this work has been under 


way, certain investigations have led important results, some which 
may briefly mentioned: 


q 
| 
q 
q 
7 
7 
| 


FEDERAL INVESTIGATIONS MINE ETC. 


LIGNITE-BRIQUETTING PLANT 


19/6” 


” ' 
>t 


CROSS-SECTION 
LIGNITE-BRIQUETTING 


Grinding and 
Feeding Hopper 


463 


7 
18. 
19. 


The chemical and determinations coals purchased for 
the use the Government have resulted the delivery better 
grade fuel without corresponding increase cost, and, conse- 
quently, saving the Government. Under this system, purchas- 
ing its coal under specifications and testing, the Government get- 
ting more nearly what pays for and paying for what gets. These 
investigations, suggesting changes equipment and methods, are 
also indicating the practicability the purchase cheaper fuels, 
such bituminous coal and the smaller sizes pea, buckwheat, 
instead the more expensive sizes anthracite, with correspond- 
ing saving cost. The Government’s fuel bill now aggregates about 
$10 000 000 

The making and assembling chemical analyses and calorific 
determinations other tests) carefully selected samples 
coals from nearly 1000 different localities, the different coal 
fields the United States, with the additions, from time time, 
samples representing parts coal fields newly opened beds coal 
the same field, furnish invaluable sources accurate informa- 
tion, not only for use the Government, but also for the general 
public. the above-mentioned localities, 501 were the public- 
land States and 427 the Central, Eastern, and Southern States. 

The chemical anaylses the coals found throughout the United 
States have been made with such uniformity method, both 
collection samples and analytical procedure, yield results 
strictly comparable for coals from all parts the country, and furnish 
complete information, basis for future purchases and use the 
Government and the general public, all types American coals. 

Other researches have resulted the acquirement valuable 
information regarding the distribution temperature the fuel 
bed gas producers and furnaces, showing range from 400° 
1300° cent., and have thus furnished data indicating specific dif- 
ficulties overcome gas-producer improvements for greater fuel 
efficiency. 

The recent studies the volatile matter coal, and its relation 
the operation coke ovens and other forms combustion, have 
demonstrated that much one-third matter inert and 
non-combustible, fact which may have direct bearing smoke 
prevention explaining its cause and indicating means for its abatement. 
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Experiments the storage coal have proven that oxygen 
absorbed during exposure air, thereby causing, some cases, 
deterioration heating value and indicating that, for certain coals, 
case they are stored long time for naval and other purposes, 
storage under water advisable. 

The tests different coals under steam boilers have shown the 
possibility increasing the general efficiency hand-fired steam 
boilers from 15% over ordinary results. this saving could 
made the great number hand-fired boilers now being operated 
all parts the United States, would result large saving 
the fuel bill the country. Experiments which have been made with 
residence-heating boilers justify the belief that will possible 
perfect such types boilers may economically give smokeless 
operation. The tests under steam boilers furnish specific information 
the most efficient method utilizing each number dif- 
ferent types coal Government buildings and power plants 
different parts the country. 

The tests the gas producer have shown that many fuels such 
low grade practically valueless for steam-furnace purposes, 
including slack coal, bone coal, and lignite, may economically 
converted into producer gas, and may thus generate sufficient power 
render them high commercial value. 

Practically every shipment out several hundred tested the 
gas producers, including coals high ash content 45%, and 
lignites and peats high moisture, has been successfully converted 
into producer gas which has been used operating gas engines. 
has been estimated that average there was developed from 
each coal tested the gas-producer plant two and one-half times the 
power developed when used the ordinary steam-boiler plant, and that 
such relative efficiencies will probably hold good for the average 
plant moderate power capacity, though this ratio may greatly 
reduced large steam plants the most modern type. was 
found that the low-grade lignites North Dakota developed much 
power, when converted into producer gas, did the best West Vir- 
ginia bituminous coals when utilized under the steam boiler; and, 
this way, lignite beds underlying from 20000000 30000000 
acres public lands, supposed have little commercial value, 
are shown have large value for power development. 


| 
q 
| 
¥ 
4 
: 


466 FEDERAL INVESTIGATIONS MINE ACCIDENTS, 


The tests made with reference the manufacture and combustion 
briquetted coal have demonstrated conclusively that this means 
many low-grade bituminous coals and lignites may have their com- 
mercial value increased extent which more than covers the in- 
cost making; and these tests have also shown that bitu- 
minous coals the higher grades may burned locomotives with 
greatly increased and capacity and with less smoke than 
the same coal not briquetted. These tests have shown that, with the 
same fuel consumption briquettes raw coal, the same loco- 
motive can very materially increase its hauling capacity and thus 
reduce the cost transportation. 

The investigations into smoke abatement have indicated clearly 
that each type coal may burned practically without smoke 
some type furnace with some arrangement mechanical 
stoker, draft, The elimination smoke means more complete 
combustion the fuel, and consequently less waste and higher ef- 
ficiency. 


The investigations into the waste coal mining have shown the 


enormous extent this waste, aggregating probably 000 000 


400 000 000 tons yearly, which least one-half might saved. 
being demonstrated that the low-grade coals, high sulphur and 
ash, now left underground, can used economically the gas pro- 
ducer for power and light, and, therefore, should mined the same 
time that the high-grade coal being removed. Moreover, attention 


now being called the practicability further large reduction 


waste through more efficient mining methods. 

The washing tests have demonstrated the fact that many coals, 
too high ash and sulphur for economie use under the steam boiler 
for coking, may rendered commercial value proper treat- 
ment the washery. The coking tests have also demonstrated that, 
proper methods preparation for and manipulation the beehive 
oven, many coals which were not supposed economic value 
for coking purposes, may rendered prior washing and proper 
treatment. more than 100 coals tested during 1906 from the Missis- 
sippi Valley and the Eastern States, most which coals were re- 
garded non-coking, all except were found, careful manipula- 
tion, make fairly good coke for foundry and other metallurgical 
purposes. coals from the Rocky Mountain region, all but 
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produced good coke under proper treatment, though number these 
had been considered non-coking coals. 

Investigations into the relative efficiency gasoline and denatured 
power producers, undertaken connection with work for 
the Navy Department, have demonstrated that with proper manipula- 
tion the carburetters, igniters, degree compression, dena- 
tured alcohol has the same power-producing value, gallon for gallon, 
gasoline. This most interesting development, view the 
fact that the heat value gallon alcohol only little more than 
0.6 that gallon gasoline. secure these results, compressions 
from 150 180 lb. per sq. in. were used, these pressures involving 
increase weight engine. Although the engine especially de- 
signed for alcohol will heavier than gasoline engine the same 
size, will have sufficiently greater power capacity that the 
weight per horse-power need not greater. 

Several hundred tons peat have been tested determine 
methods drying, compressing into briquettes, and utilization for 
power production the gas producer. connection with those peat 
investigations, reconnoissance survey has been made the peat 
deposits the Atlantic Coast. Samples have been obtained bor- 
ing different depths many widely distributed peat-bogs, and these 
samples have been analyzed and tested order determine their 
origin, nature, and fuel value. 

The extent and number tests from which these results have been 
derived will appreciated from the fact that, three years, nearly 
000 tests were made, each which large quantities fuel were 
consumed. These tests involved nearly physical observations 
and chemical determinations, made with view analyze the 
results the tests and indicate any necessary changes the 
methods they progressed. For coking, cupola, and washing, 596 
tests, which nearly 300 involved the use nearly 1000 tons 
coal, have been made Denver. For briquetting, 312 tests have been 
made. have been used combustion tests which 
250 tons briquetted coal were consumed battleship tests, 210 
tons torpedo-boat tests, 320 tons locomotive tests three rail- 
way systems, and tons were consumed under stationary steam boil- 
ers. producer gas tests, 175 have been made, which were 
long-time runs week more duration, all 105 
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tons coal. There have been 300 house-heating boiler tests and 575 
steam-boiler tests; also, railway-locomotive and naval-vessel 
tests have been made run-of-mine coal comparison with bri- 
quetted coal; also, 125 tests have been made connection with heat- 
transmission experiments, and 254 gasoline- and alcohol-engine tests. 
Nearly 7000 samples coal were taken for analysis, which 1042 
were from public-land States. Nearly inspection samples, coal 
purchased: the Government for its use, have been taken and tested. 

The results the tests made the course these investigations, 
summarized, have been published twelve separate Bulletins, 
three which, Nos. 261, 290, and 332, set forth detail the opera- 
tions the fuel-testing plant for 1904, 1905, and 1906. 
Paper No. 48, three volumes, describes greater detail each stage 
the operations for 1904 and 1905. 

Separate Bulletins, descriptive the methods and results the work 
detail, have been published, follows: No. 323, Experimental work 
conducted the chemical laboratory; No. 325, study four hundred 
steaming tests; No. 334, Burning coal without smoke boiler plants; 
No. 336, Washing and coking tests coal, and cupola tests coke; 
No. 339, Purchase coal under specifications basis heating 
value; No. 348, Binders for coal briquettes; No. 362, Mine sampling 
and chemical analyses coals 1907; No. 363, Comparative tests 
run-of-mine and briquetted coal locomotives, including torpedo- 
boat tests, and some foreign specifications for briquetted fuel; No. 
366, Tests coal and briquettes fuel for house-heating boilers; 
No. 367, Significance drafts steam-boiler practice; No. 368, 
Coking and washing tests coal Denver; No. 373, Smokeless 
combustion coal boiler plants, with chapter central heating 
plants; No. 378, Results purchasing coal under Government speci- 
fications; No. 382, The effect oxygen coal; and, No. 385, Bri- 
quetting tests Norfolk, Va. 
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any its publications. 


UNDERPINNING THE CAMBRIDGE BUILDING, 
NEW YORK CITY. 


Discussion.* 


Henry Gorton Assoc. Am. Soc. E.—In connection 
with Mr. Thomson’s paper the speaker simply desires emphasize 
point two therein, and call attention the necessity engag- 
ing competent engineers owners property adjoining operations 
the character this tunnel, before such operations have com- 
menced. There are several reasons for this, the first which is, that, 
reason the individual’s more intimate knowledge the condi- 
tions obtaining his particular location, better able forestall 
operations which will endanger his property, and important for 
the owner lay the foundations for proper legal measures recom- 
pense him for his possible damage; also, consultation with the con- 
tractor’s engineers, operations which may endanger his property may 
prevented. 

the point, far back several weeks before the cave- 
Thirty-third Street opposite the Cambridge, the speaker notified 
the owner the property the impending danger. The owner did 
not appreciate the dangerous condition, however, until several weeks 
later, after the street had caved the very point designated 
the bed the old stream, although the contractor had placed much 
dependence the location this stream shown the Vielé map, 
which indicated that was about 100 ft. farther west. 


*This discussion (of the paper Kennard Thomson, Am. Soc. E.. printed 
Proceedings for December, 1999, and presented the meeting February 2d, 1910), 
Proceedings order that the views expressed may brought before all mem- 

ers for further discussion. 
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the speaker’s reports the owner, before the cave-in, was 
recommended that the tunnel company requested lower the 
grade the tunnel order this serious condition, but this 
was not acted on, and, after the cave-in, when the contractors asked 
for consent continue their operations, this owner was position 
know his status and require contract, not only guaranteeing the 
integrity his building, but its actual underpinning bed-rock. 

After the consent continue operations had been obtained from 
this owner, the tunnel company concluded lower the level the 
tunnel, and this was finally done. 

reason this first together with the effect the mis- 
directed blast under the foundations the Cambridge Building, men- 
tioned Mr. Thomson and shown Fig. the front wall the 
building commenced settle and move northward toward the center 
the street. was then that photographs were taken for the pur- 
pose preserving legal evidence the facts. 

The speaker may state that the conditions predicted the owner 
were entirely fulfilled, and the lessee the building, who, under his 
lease, was responsible the owner, was enabled recover judgment 
the Supreme Court for the full amount his damage, together 
with the court costs. 

The speaker desires emphasize another phase the situation 
the Cambridge Building, and that the likelihood that such struc- 
tures this tunnel will reduce the surrounding water level and pro- 
vide new channel for the the water, thus leaving build- 
ings the vicinity which have been erected piles subject much 
damage from decayed piles. 

the case point, when the cellar the Waldorf-Astoria 
(on the north side Thirty-third Street and directly opposite the 
Cambridge Building) was being constructed, the owner’s representa- 
tives remember very the presence much water, appar- 
ently from this old stream, and also that sump the boiler pit, 
the basement the Cambridge, was continually filled with water until 
after the openings were made into the tunnel excavation. 

Borings were made the cellar the Cambridge after the two 
openings were made into the tunnel, and examination the 
speaker developed the fact that the water had been entirely drained 
from the soil surrounding the piles, and down bed-rock. 

When, early 1907, the speaker examined the interior the tun- 
nel, water was flowing into through the opening the rock where 
the street had caved in, and after this part the tunnel was sealed 
off, and the water shut out, instead again raising the water level 
the surrounding soil, the conditions mentioned above maintained, 
that is, there was lack water the soil. 


There seems but one explanation for this condition, and that 
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that the water from the drainage area this old stream still con- 
tinues flow along new channel caused the tunnel company’s 
operations. 

The speaker would attention another reason why property 
owners should represented engineers occasion such this. 

When the tunnel contractor saw fit tie back the north wall 
the Cambridge, began operations cutting hole the front 
wall the building, the middle the principal office one 
the best tenants, point about ft. above the floor, the intention 
being put tie-rod through this office out into the main hall di- 
rectly front the elevators, and across the main stairway, effect- 
ually obstructing them, giving all the tenants the choice 
ing under hurdling over the tie-rod. 

This was unnecessary, was demonstrated the fact that tie- 

rods were finally put with permanent inconvenience the 
tenants: 
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BUILDING AGREEMENTS. 


Discussion.* 


Mr. Norman McLure, Assoc. Am. Soc. (by letter).—In 

preparing estimates and bids engineering work, chiefly connection 
with the structural steel business, the writer has been continually con- 
fronted with the so-called “blanket clauses” contracts and specifica- 
tions. first they were the cause much anxiety, account the 
confusion and the uncertain element which they introduced, but later 
experience has proven them almost invariably indication ignor- 
ance lack understanding the part the engineer architect 
responsible for their preparation. 

its most familiar form, such clause follows apparently 
mighty effort cover everything with statement that, anything 
has been omitted from the plans specifications which may neces- 
sary “to make complete and satisfactory job,” “to complete the 
work the satisfaction the architects,” included the bid, 
and part the contract; or, other words, the writer the 
specification practically says, “If have omitted anything that 
should have included, you (the contractor) must accept the responsi- 

bility for addition his business contractor, bidder 
must also else practically start the beginning 
and design the whole work, order ascertain whether the plans and 
data which asked bid, are complete. 


This discussion (of the paper William Bamford. Assoc. Am. Soc. E., 
ublished Proceedings for December, 1909. and presented the meeting February 2d, 

910), published Proceedings order that the views expressed may brought before 
all members for further discussion. 
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obviously unfair solicit lump-sum bids work not shown 
specified, that instead attempting solve the riddle what 
really wanted, cases this sort, the writer now simply prepares 
his bid the work clearly shown and specified, and states distinctly 
the proposal, what and what not included. The basis for 
comparison lump-sum bids prepared this way, is, course, 
unsatisfactory. 

Architects seem the chief offenders, and, the writer’s 
experience, quite unusual pick set building plans and 


‘specifications prepared architect, and able discover, with- 


out much inquiry and investigation, just what wanted. Engineers, 
are more careful, and make some effort decide their 
own minds just what they want before attempting put paper. 
There is, however, infinite room for improvement specification 
writing from the contractor’s viewpoint; and every structure has 
sufficient individuality make worthy independent treatment, 
just should every specification receive, preparation, the intelligent 
thought one who understands thoroughly the structure describes. 

“Standard” specifications, while useful, and almost indispensable 
guides, should used that capacity only, and the representative 
contract clauses given the author should prove, that way, great 
value preparing any ordinary building contract. 


respectfully begs take most decided exception Mr. Bamford’s 
statement that the lump-sum system contracting theoretically 
practically the best, even straight building operations where 
unusual complications occur, and, further, ventures the opinion 
that there are comparatively few building operations (of sufficient. 
importance justify discussion before this Society) which un- 
foreseen complications greater less extent not arise. 

With regard Mr. Bamford’s statement that the expense work 
done reputable “cost plus” contractors generally exceeds the cost 
under lump-sum agreement covering identical work, because the 
owner ill-advised because the contractor, being sure his profit, 
grows lax, from any other cause, the writer desires state that 
such has not been his experience, nor does believe that such state- 
ment borne out facts, nor the experience most men who 
have had intimate connection with both methods work. 

Getting ready for bids for lump-sum work is, itself, tedious 
and expensive operation, plans and specifications must prepared 
providing for all contingencies which can foreseen, but the usual 
result that something has been overlooked that the unexpected 
has happened. 

speaking, the larger and more intelligently handled 
building operations, weight given, selecting the list competi- 


Mr. 


Mr. 


| 
A 
‘ 
7 
ia 
¥ 


474 DISCUSSION BUILDING AGREEMENTS Papers. 


tors, their financial standing and their reputation for experience 
and ability, but the competitors, nevertheless, are asked gamble 
the price labor, material, the state the weather, the state 
mind the person charge, and countless other matters en- 
tirely beyond their control, for period months, possibly years, 
advance. 

The multitudinous clauses the modern contract are insure 
against human nature asserting itself things wrong. things 
expected, better, the builder, remembering that money 
good thing anyway, that his next bet may not fortunate, and 
that the owner, endeavoring tie him up, evidently expects him 
untie himself can, proceeds make every dollar possible un- 
der the circumstances, influenced, course, the desire retain 
good reputation, not too expensive. 

long the interests owners and builders are thus diametri- 
opposed, the result quite likely injurious the opera- 
tion question, and, until human nature greatly changed, will 
continue so, spite all the legal acumen that may in- 
jected into contract. 

the writer’s opinion, the only remedy unite these clash- 
ing interests some form “cost plus” contract. Under this ar- 
rangement the interests the owner and the builder are identical 
far possible. 

The owner has merely select some such contractor known 
skill and reputation, tell him what wants, ascertain the probable 
cost, with due allowance for unforeseen contingencies, and, this 
satisfactory, order the work proceed. 

will get just what orders and pays for, and will get 
cheaply, quickly, and done skillfully, can obtained 
any contract; not because the “cost plus” contractor cast dif- 
ferent mould from his “lump sum” brother, but because his whole 
stock trade his reputation, and because his interests and those 
the owners have become identical. 

His employees are skillful any, have every incentive 
just the class work that the owner wants, and cheaply 

the employee “lump sum” contractor careless makes 
mistake, means the loss comparatively small sum money, 
which not very great consequence; but, the case the “cost 
plus” contractor, means blow his reputation which endangers 
his entire capital. 

Dealing with reputable contractors who make specialty “cost 
plus” work, makes practical difference whether the “plus” 
percentage lump sum. Any difference profit too small 
overcome the slightest degree the overwhelming necessity the 
part the contractor maintain unblemished reputation. 
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The simpler the contract the better, any attempt penalize 
augment what should but fair compensation the first place, 
reason variations from the estimate cost time, merely 
tends divide the interests and invite the attendant evils. 

There are many other advantages attending the “cost plus” 
method building that emphasize them they deserve exceeds 
the length intended for these remarks. Among them, however, there 
are: the expert advice available, both technical and business; elimina- 
tion pooling; the saving time, that work may started 
soon general plan has been formulated, leaving details 
worked out during progress; the fact that work may advanced, 
retarded, suspended, even abandoned, exigencies may demand; 
plans may changed; quantities may increased diminished; 
and all without that formidable bill extras and damages, which 
the “right bower” the lump-sum contractor, and disastrous weight 
many owners. 

has been truly said that the bulwark contract mutual 
and may added that the bulwark mutual con- 
fidence mutual interests. 


Bamford’s able paper opens first all the question the desirability 
uniform contract, subject which the American Institute Archi- 
tects has attempted what called the “Uniform Contract,” but 
which, far the writer knows, has not been met engineers, 
through this Society otherwise, except railroad contracts which 
agree their general characteristics. Fairness not the most strik- 
ing feature the latter, and they are not well adapted the use 
the consulting engineer general practice, which class, together 
with architects, the word, “Engineer,” Mr. Bamford’s paper, seems 
refer. 

may accepted axiomatic that “unfair contracts breed un- 
fair case the survival the fittest. 

desirable for all parties—the owner, the contractor, and the 
engineer—that the contract fair, that contracting may busi- 
ness the hands responsible men rather than game for gam- 
blers. 

Uniformity the general clauses has great advantage itself, 
most directly the contractor, but, through him, all concerned. 
Imagine each engineer with pet form contract, all equally good, 
but differing degree responsibility, which necessarily affects the 
effect which may not large relative the total cost 
the work, but very large relative the profit the general con- 
tractor. This means that, bidding each piece work, the con- 
tractor must study, not only the proposed construction which 
expert, but also the legal requirements, thus adding materially 
the time and cost making proposal and reducing the number 
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close bidders. course, uniformity can carried the point 
absurdity. certain printed form contract, recently signed, re- 
quired the contractor deliver full-sized sample each the 
materials entering into the work the architect’s office before com- 
mencing operations. The was modern New York affair, 
well the air, and the contract was for driving 50-ft. piles. 
Here, clearly, the written words did not convey the intent the 
contracting parties. There was not “meeting the minds,” which 
constitutes contract; and here advantage certain general 
clauses common use, which what Mr. Bamford aims at. These 
clauses, course, must conform with the law, and might differ 
slightly for use different States; but, the main, such uni- 
form contract met with general acceptance, this fact and the usual 
manner interpreting the clauses would presumptive evidence 
the intent, and thus influence the decisions the courts, and fur- 
ther strengthening such form contract. judge—and how much 
more jury—must puzzled the intent when technical ques- 
tions are involved and the parties the contract cannot agree 


the meaning. 


course, the defence such form contract used 
many railroad companies, drawn almost wholly the interest. 
one side, that the case gets before jury, the talesmen’s sym- 
pathies will all the side the contractor against the cor- 
poration, and, therefore, every effort must made keep from 
jury; but, this valid reasoning the case railroad with 
coterie more less dependent contractors, all familiar with the 
requirements and, what more important, with the way the require- 
ments are exacted, does not any means hold the case gen- 
eral building contracts carried out under engineer. 

“Article I—The Contractor agrees provide all materials and 
perform all the work forthe 

The writer would suggest adding the foregoing, after the word 
“work,” “and deliver complete,” thus making the contract for com- 
pleted structure rather than for the furnishing materials and labor. 
Decisions the courts would seem indicate the wisdom this. 

Perhaps first importance the arbitration clause, with all its 
legal pitfalls, and the possible requirement for better legislation which 
Mr. Bamford refers to, and which Wait treats fully his “En- 
gineering and Architectural Jurisprudence,” for this fixes the re- 
sponsibility the engineer, whether his decision supreme 
until the matter taken before.the courts, whether can say, 
“This, gentlemen, decision; either you feels aggrieved, you 
have the privilege calling arbitrators.” This would seem 
the strongest position for the engineer, for the owner not always 
inclined follow the advice his engineer, and often unfair be- 
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cause not thoroughly acquainted with the subject. The Mr. 
that “the law has decided that the losing party has still 

right appeal the courts”, should not lost sight of. The 
courts seem jealous their privileges these 

Liquidated Damages.—This clause “thorn the flesh” 
contractor, and yet often the utmost importance the owner 
that shall know beforehand when will receive the completed 
structure. The law will not allow penalty, but will grant damages 
caused delay. the writer seems wisest state that time 
completion consideration, and have the bidder name time with 
his price. Then, before the contract signed, have the owner and 
the contractor agree the amount per diem which the damage 
the owner will amount to, case delay the contractor. This 
should written into the contract, with provision for retaining the 
sum from monies due. 

this head would seem well provide time, 
say one week, which would allowed the engineer for the examination 
and return drawings, with the provision that takes longer, 
the contractor’s time for shall prolonged proportion- 
ately. 

One the chief advantages owner receives retaining 
engineer the benefit open and fair competition among contract- 
ors the matter price, and this direct proportion 
clearness and definiteness with which the subject for competition 
presented. Therefore, the duty engineers work for all 
things which make for more definite and fair relation between the 
owner, represented his engineer, and the contractor. The writer 
joins Mr. Bamford his plea for the development, this Society, 
uniform contract clauses, after careful consideration, and with 


arrangement for revisions new legislation and decisions the 
courts may require. 
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THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD: 
THE SITE THE TERMINAL STATION. 


PRESENTED May 1910. 


The purpose this paper describe the preliminary work for 
and the preparation that portion the site, for the Terminal 
Station Manhattan, the New York Tunnel Extension the 
Pennsylvania Railroad, which was constructed under the direction 
the Chief Engineer the East River Division, including the disposal 
material excavated from all parts the Terminal construction and 
the tunnels the River Division. 

outlined the paper Brigadier-General Charles Ray- 
mond, Am. E., Chairman the Board Engineers, the 
track yard the station, Plate extends from the east line 
Tenth Avenue eastward points 32d and 33d Streets, respectively, 
292 and 502 ft. east the west line Seventh Avenue. The width 
the available area track level Tenth Avenue 213 ft., continuing 
this width within 182 ft. the west line Ninth Avenue, 
where, offset toward the south, increased 355 ft. This 
width held point ft. east the east line Ninth Avenue. 
where, offset toward the north, increased 509 ft., which 
width continues the west line Seventh Avenue, where divides 
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into two fan-shaped areas. The north area has width about 170 
ft. and the south one, 160 ft., the house line, each area tapering 
gradually the width the standard three-track tunnel the east 
ends, noted above 33d and 32d Streets. Additional track room for 
four tail-tracks gained the construction two double-track tun- 
nels under Ninth Avenue 33d Street, their center lines being paral- 
lel the street and 45.5 and 84.5 ft. distant, respectively, from the 
north house line. additional width 24.5 ft. the 
north from 277.5 ft. 543.5 ft. west the west line Seventh Ave- 
nue, where the buildings the north side 33d Street have been torn 
down and the enclosing wall set back anticipation future outlet 
34th Street; and the south, from 459 ft. 597 ft. west the west 
line Seventh Avenue rectangular offset 124 ft. encloses the area 
the Service Building. The total area above outlined 
the space occupied track level, and amounts acres, which 
the portion west the east house line Ninth Avenue and south 
line 107.3 ft. south the south line 33d Street part the 
North River Division, and was constructed under the direction the 
engineers that Division; the fan-shaped areas east the west 
house line Seventh Avenue were constructed under the direction 
the Chief Engineer Electric Traction and Terminal Station Con- 
struction. 

June, 1903, when the writer’s connection with the work began, 
the preliminary surveys had been completed and the location and extent 
the Terminal track area had been fixed, far the city blocks 
oceupied were concerned. This contemplated area, however, did 
not include the portion between Ninth and Tenth Avenues, that being 
added subsequently. The elevation the track level had also been 
fixed the requirement the agreement with the City that part 
the permanent structure should approach within ft. the surface 
under any avenue under any street except within the Terminal 
area. The nearest approach the tracks the surface point 
ft. east Eighth Avenue, where the top the rail ft. below 
the 31st Street curb line. 


The general plan enclosing the area retaining walls having 
been adopted, wash-borings were taken, for the purpose determining 
the best location for the walls, the depth rock, and the nature 
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the material overlying it. These borings were made along both curb 
lines Seventh Avenue, the east curb line Ninth Avenue, the 
north curb line 33d Street, and the south curb line 31st 
Street. The borings, rule, were taken intervals approx- 
imately 100 ft., some deviation these intervals being made 
order prevent injury water, gas, and sewer connec- 
tions, and, the elevation the surface the rock, deter- 
mined one these borings, corresponded fairly with 
the borings either side it, intermediate borings were taken. 
When discrepancy appeared, boring was taken midway between 
the two ones, and the information obtained 
from the intermediate boring failed account for the discrepancy, 
others were taken the quarter points the original 100-ft. in- 
terval. 

The dotted lines Fig. show the profiles the surface the 
rock underlying and 33d Streets, the line the borings, con- 
structed from the elevations obtained them; the solid lines show 
the profiles the actual surface the rock found when uncov- 
ered. will noted that, except three cases, Borings 313, 328, 
and 333, the two profiles correspond very closely the points where 
the borings were made, but they differ widely between those points, 
variation ft. being common; there variation ft. 
between Borings 324 and 327, and between Nos. 337 and 340; and 
ft. between Nos. 333 and 335, and between Nos. 312 and 
313, while extreme variation ft. shown between Nos. 303 
and 305. each the points where the variation great the in- 
terval between borings the full 100 ft., and quite apparent 
that, definite idea obtained the elevation the sur- 
face the rock Manhattan, borings must taken shorter 
intervals. 

The necessary width trench for the construction the retain- 
ing walls was determined the elevation the rock, shown 
the borings, and only the case the dip between Borings 303 and 
305 did the variation any difficulty. The trench that point 
had widened after rock was reached. This depression corre- 
sponded very closely location that one arm the creek shown 
General Viele’s map 1865,* the bed that stream, one ap- 
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proximately the same location, being clearly marked across the ex- 
smoothly-worn rock and well-rounded boulders. The 
original stream, however, seemed have turned westerly direc- 


tion under 31st Street Eighth Avenue instead crossing, shown 
General Viele’s map. 


SEWERS. 


The arrangement the sewers the streets the vicinity the 
Terminal Site, previous the beginning the construction, and 
the drainage area tributary those sewers, shown Fig. The 
main sewer for this district was Eighth Avenue, and was 6-ft. 
brick conduit within the Terminal area. The sewers leading 
from the west, 31st, 32d, and 33d Streets, were elliptical, 
ft., and egg-shaped, ft. ft. in., although case did they 
drain more than one block, and they were heavy grade. 
ing into Eighth Avenue from the east, the one 31st Street was ft. 
ft. in., egg-shaped, and drained length two blocks, and 
those 32d and 33d Streets were circular, ft. diameter, and 
drained the territory for three blocks, far east Fifth Avenue. 
There were sewers Seventh Avenue within the Terminal area, 
except small vitrified pipes, each less than 200 ft. length. 

was desirable that the size and number the sewers the 
streets and avenues surrounding the Terminal should reduced 
minimum, account the difficulty caring for them during con- 
struction and also reduce the probability sewage leaking into the 
underground portion the work after its completion. With this 
view, the plan was adopted building intercepting sewer down 
Seventh Avenue from north 33d Street the 30th Street sewer, 
which, being 4-ft. conduit, was sufficiently large carry 
all the sewage coming from east Seventh Avenue and south 
34th Street. was decided build this sewer cast iron, where 
crossed the construction work, and also replace with cast 
iron the brick sewers 32d, and 33d Streets from Seventh 
Avenue point east the west end the standard tunnel section, 


and also the sewer Eighth Avenue from the north side 33d 


Street the south side 31st Street. This arrangement permitted: 


first, the removal the sewer 32d Street between Seventh and 
Eighth which was necessary, that street was exca- 
second, the reduction the sewer Avenue from 
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6-ft. 5-ft. conduit; and, third, assuming that the sewage 
and drainage from the Terminal would pumped directly the sew- 
ers the avenues, the reduction the sewers 31st and 33d Streets, 
from Seventh Ninth Avenue, 15-in. vitrified pipes, except west 
the Service Building 31st Street, which section, 
larger sewer was required. The sewer 32d Street, from Ninth 
Eighth Avenue, course, could dispensed with any arrange- 
ment, all the area tributary was excavated. 


Gas AND 


rearrangement the gas pipes the three streets crossing 
the Terminal site was necessary. These pipes were two classes: 
trunk mains and service mains. Fortunately, there were but two 
trunk mains the three streets, one 20-in. 31st Street from east 
Seventh Avenue Ninth Avenue, the other 16-in. 32d Street 
from east Seventh Avenue Eighth Avenue. The 20-in. main was 
relaid from Seventh Avenue and Street down Seventh Avenue 
30th Street and through that street Ninth Avenue. The 16-in. 
main was relaid from Seventh Avenue and 32d Street north 34th 
Street and through that street Eighth Avenue. The service mains 
32d Street were longer required, and were taken and not 
replaced. The houses 31st and 33d Streets were provided with 
service two 6-in. wrought-iron mains back the retaining walls 
each street, that location being chosen avoid damage gas drip 
the water-proofing the street bridges. the permanent struc- 
tures under the avenues were not approach the surface nearer than 
ft., only slight rearrangements, sufficient permit the new sewers 
and water lines laid, were necessary. 

There were large water mains cared for, fact, those 
the streets were too small for ample fire protection, being only in. 
diameter. The main 32d Street was taken and not replaced, 
and those 31st and 33d Streets were replaced 12-in. pipes laid 
back the retaining walls. changes were necessary the mains, 
the avenues, but, before approving the rearrangement for the 
streets, the Department Water Supply, Gas and Electricity added 
48-in. main Eighth Avenue laid part this construc- 
tion, the pipe being supplied the City. 
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LocaTION AND WALLS. 


The plans, from the earliest stages, contemplated founding the 
retaining wall the surface the rock, where suitable quality, 
and afterward excavating the rock front the toe the wall 
sub-grade. This plan was definitely adopted soon after the borings 
were completed, account the great danger blasting out large 
quantities rock timbered trenches close buildings founded 
soft material, and also avoid the additional cost and delay that 
would have been caused carrying the walls sub-grade. The re- 
taining walls Seventh Avenue, south the viaduct, and Ninth 
Avenue, north the viaduct, were not governed the same condi- 
tions the streets. The dip and quality the rock both points 
required that the walls carried sub-grade, and they are, fact, 
face walls; the Ninth Avenue wall, particular, having little thrust 
retain, very light. 

The results aimed the design and location the retaining 
walls 31st and 33d Streets were: 

First—A perfectly stable wall under all conditions that might 
reasonably expected; 

Second.—As much room possible the elevation the top 
the rail; 

least necessary interference with adjoining prop- 
erty during construction; and, 

most economical wall that would fulfill the other 
conditions. 

stated the paper Alfred Noble, Past-President, Am. Soe. 
E., the third stipulation required the relinquishing portion the 
space under these streets granted the City, but was finally decided 
not approach the south house line 31st Street with the back the 
walls nearer than ft., while 33d Street the extreme position 
the back was fixed the north line, there were buildings, except 
those belonging the Railroad Company, the house line the 
low points the rock. 

The made designing the wall were follows: 

First.—Weight concrete, 140 per cu. ft. 
Second.—Weight material from the surface the ground 
depth ft. (which was shown tests made bore-holes 
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the elevation the ground-water surface), 100 lb. per 
cu. ft.; and angle repose, degrees. The distance 
ft. below the surface was the depth the inverts the 
sewers, which undoubtedly drained the ground above them, 
thus accounting for the standing the ground-water planes 
practically parallel with the surface. 

buildings back wall neglected, that 
the present type will about equal the cellars filled with mate- 
rial 100 lb. per cu. ft., and large buildings are erected 
the future they will undoubtedly rock. 

from superstructure, live and dead load, 000 
per lin. ft. wall. 

materials below the 12-ft. line, 124 lb. per cu. 
ft., ascertained follows: The material was considered 
weighing 165 lb. per cu. ft. the solid, and having 40% 
voids filled with water 62.5 per cu. ft., the resulting 
weight being (165 (62.5 124 per cu. ft. 

Various angles repose were used for this material the in- 
vestigation, and was finally decided that 30° was the greatest angle 
that could expected, whereas the worst condition that could an- 


ticipated was that the sand and water would act separately and give 
pressure follows: 


Hydraulic pressure from liquid weighing 62.5 Ib. per cu. ft. plus 
pressure from sand with angle repose 30° and weight follows: 


Weight water displaced cu. ft. 62.5 Ib. Ib. 


100 
Weight water, therefore 61.5 per cu. ft. 


These combined weights, course, are equal the weight the 
combined material the previous assumption. 


usual requirement that the resultant 
zontal and vertical should, all points, fall within the 


middle third the wall, or, other words, that there should 
tension the concrete. 


With these assumptions, investigation was made walls with 
various batters and differently designed backs. 


This investigation de- 
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veloped the fact that the reaction from the superstructure was great 
that, for economy, both first cost and space occupied, the batter 
must sufficient cause that reaction fall within very close,to 
the middle third. Nothing could have been gained having that 
reaction fall back the front the middle third, the wall was re- 
quired stable against the full pressure before the superstructure 
was erected, and should ever removed; or, state the 
matter more clearly, the reaction from the superstructure was great 
comparison the weight the wall, that, fell front the 
resultant all the other forces, the width base required would 
greatly increased make the wall stable after the superstructure was 
erected; whereas, the reaction from the superstructure fell back 
the resultant all the other the width base could not 
correspondingly decreased without danger the wall being over- 
turned before the superstructure was erected. The least batter that 
would answer those conditions was found in. per ft. 

For convenience designing, and economy constructing, the 
steelwork, the faces the bridge seat and the backwall were laid 
parallel the center line the Terminal, and elevation line 
parallel the top the curb and near the economical 
depth steel would permit, without bringing the finished construc- 
tion above the plane fixed the ordinance. there variation 
ft. the elevation the top the curb 31st Street above the 
top the rail and variation 33d Street, uniform batter, 
with the top parallel the center line, would produce toe varying 
from and from the other constructions. was decided, 
therefore, for the sake appearance, make the face the wall (or 
wall produced) the top the rail parallel the center line, and 
vary the batter accordingly, using the 2-in. batter previously men- 
tioned the minimum. This gave maximum batter in. per ft. 
The variation gradual that unnoticeable, and not sufficient 
introduce any complications construction. 

The wall was designed with stepped back, primarily allow the 
water-proofing and brick protection held position more 
readily. The first step was put ft. below the surface the 
ground. This gave vertical back above that point for 3-in. battered 
face, and slightly battered back for sections having less batter 
front. Below that point step was added for each ft. depth 
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the elevation the top the rail, the foundation the wall 
above that elevation. the horizontal distance the heel the 
wall, its greatest width, from its face the top the rail would 
determine the effective room occupied the wall, was deter- 
mined make the back vertical below the top the rail and gain the 


necessary increase width below that point making heavy batter 
the face. 


The type wall having been thus determined, calculations were 
made the width base required for each batter from 
in., inclusive, first for depth ft. below the top the curb and 
then for each ft. below that elevation, depth corresponding 


the distance between the top the curb and the top the rail the 
point greatest variation. 


These widths wall were determined 
for the two pressures previously decided on, and curves were then 
plotted showing the thickness wall required for each batter calcu- 
lated and for each pressure. They are shown Plate LXVII. The 
curves broken lines represent the widths required for saturated 
material, and the curves dotted lines for hydraulic pressure. Mean 


curves were then drawn between each broken and its corresponding 
dotted curve. 


These are shown solid lines, and represent the widths 
wall which were used the construction. 


wall and pipes back are shown Fig. 

The extreme positions the back the wall the two streets 
having been determined, previously stated, the width base 
required those points fixed the toe the wall the top the rail 


254.5 ft. south the center line the Terminal 31st Street, and 
258.5 ft. north the center line 33d Street. 


Typical sections the 


The construction was done under the following contracts: 
principal contract, dated June 1904, was with the 

New York Contracting and Trucking Company, later assigned that 

company the New York Contracting Company-Pennsylvania Termi- 

nal, for the performance the following works: 

(a).—The excavation for and construction retaining wall 
Seventh Avenue, 31st Street, Ninth Avenue, and 33d Street. 

(b).—Excavation over the area enclosed the retaining wall. 


building sewers and the laying water and gas 
pipes. 
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(d).—The building timber trestle support the surface 
Eighth Avenue between the south side 31st Street and the 
north side 33d Street, and also the surface 31st and 33d 
Streets between Seventh and Ninth Avenues. This refers 
the trestles left place the completion the work. 

(e).—The building trestle and bridging from point near the 
west side Tenth Avenue the south side 32d Street, 


westward the outer end Pier No. 62, the foot 32d 
Street. 


2.—The second contract, dated February 10th, 1905, was with the 
New York Contracting Company-Pennsylvania Terminal, 
excavation for and construction retaining walls for the Manhattan 
Terminal Power Station, and the the area thus enclosed. 

third contract, dated October 2d, 1907, was with the New 
York Contracting Company-Pennsylvania Terminal, for 
struction two twin tunnels under Ninth Avenue, and other work 
incidental thereto. 

Sewers and gas mains laid outside the area covered the foregoing 
contracts were constructed under the following agreements: 

agreement, dated August 9th, 1904, between the New York 
Contracting Company-Pennsylvania Terminal, and the New Amster- 
dam Gas Company, for 20-in. gas main from Seventh Avenue and 
Street 30th Street, and thence Ninth Avenue, the New 
Amsterdam Gas Company being remunerated for the cost the 
Tunnel Company. 

contract, dated August 24th, 1904, with the New York Con- 
tracting Company-Pennsylvania Terminal, for the construction 
sewers Seventh Avenue and 32d and 33d Streets east Seventh 
Avenue. 

contract, dated November 24th, 1908, with the New York Con- 
tracting Company-Pennsylvania Terminal, for the construction 
16-in. gas main from Seventh Avenue and 32d Street 34th Street, 
and thence Eighth Avenue. 

All these required that the excavated material delivered 
board furnished the company the pier the foot 
32d Street, North River. These were furnished and the 
material was disposed from that point Henry Steers, Incor- 
porated, under contract, dated August 9th, 1904, which called for 
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the transportation and placing all material delivered the 
Pennsylvania Railroad Company’s freight terminal Greenville, 

The disposal the excavated material was one the principal 
features the work, and, under the above contract, material from 
those portions the Terminal site east Seventh Avenue and west 
Ninth Avenue, and from all substructures work, was disposed of, 
well from the constructions herein described. The problem 
differed from that presented the usual foundation excavations 
New York City magnitude only, and the methods were not unusual, 
but were adaptations the usual ones exceptionally large work. 


AND TRESTLE FoR DISPOSAL. 


The most rapid and economical handling all excavated material 
was made possible the Tunnel Company procuring from the 
New York Central and Hudson River Railroad Company the pier 
the foot 32d Street, North River, known the earlier stages 
work Pier No. 62, but subsequently changed Pier No. 72, and 
thus referred this paper. This pier was occupied freight- 
shed used the New York Central Railroad Company, under long- 
term lease from the City, and that Company had make numerous 
changes their tracks and adjoining piers before No. could 
turned over; the contract for the excavation, therefore, required the 
contractor procure any piers needed previous and addition 
it. Under this clause the agreement, the contractor procured 
one-half the pier 35th Street, North River, which was used for the 
all material excavated previous May 22d, 1905, which 
date Pier No. was first put service. 

the type plant the contractor would elect use could not 
determined, previous the letting the contract, general plan for 
Pier No. and the trestle approach, suitable for either trains 
wagons, was attached the contract, and the details were worked out 
afterward. The method adopted was train, and two-track approach 
the pier was provided. Beginning the east side Ninth Avenue, 
the south line 32d Street, elevation ft. below the 
surface, crossing under Ninth Avenue and the center line 32d 
Street, rose 1.5% grade open cut the surface 32d Street 
point 500 ft. west Tenth Avenue, from which point rose above 
the surface the street timber trestle Tenth Avenue, which 
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was crossed overhead. West Tenth Avenue the line changed 
reverse curve the south sidewalk 32d Street, and continued 
timber trestle, practically level, the New York Central Yard tracks 
near Eleventh Avenue. These tracks and Eleventh Avenue were 
crossed overhead through-truss, steel bridge, and column-and- 
girder construction which the two tracks separated distance 
ft. between center lines, bring them directly over the posts 
special timber bents which spanned the two house tracks the 
New York Central south-bound freight shed, which the trestle here 
paralleled. This position was held point ft. west the east 
house line Twelfth Avenue, where, system cross-overs and 
turn-outs, access was had from either track six tracks the pier. 
Four these were upper decks, two the north and two the 
south edge the pier, elevation ft. above mean high tide, 
carry earth and small rock chutes from which was dumped 
into barges. The other two tracks proceeded grade down the 
center the pier the lower deck where, distance 540 ft. from 
the bulkhead, and beyond the upper deck construction, they diverged 
into six, two the north and two the south edge the pier for 
standing tracks serve derricks, and two down the center for shifting 
purposes. siding the north the two running tracks just west 
the bottom the incline served bank eight electric telphers. 
The arrangement the pier shown Fig. 

The trestle east the steel structure Eleventh Avenue had simple 
four-post bents, shown Bent “A,” Fig. all posts being 
vertical, save room the street level; the outside posts and the 
caps and sills were 12-in. timber; the intermediate posts were 
12-in. timber; and single double decks 8-in. bracing 
were used, depending the height the bents. These bents were 
framed the ground position and raised hand. West Tenth 
Avenue, the sills the bents rested four 12-in. longitudinal 
timbers, each spanning two bays and breaking joints, for convenience 
supporting the trestle while the tunnels were constructed open 
cut beneath. These bents were placed ft. centers, with one 
16-in. stringer under each rail, and one 16-in. jack-stringer 
supporting the overhang the floor either side. 

The bents along the New York Central freight shed had but two 
posts 14-in. yellow pine varying from ft. ft. in. 
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from center center; they had double caps 14-in. yellow pine 
edge, bottom sills bracing, and the vibration and wind 
pressure were taken care the top bracing and anchorage, shown 

The method erection was follows: excavation was made 
the line each post, ft. deep and from ft. square, depend- 
whether was for single reinforced post; in. concrete 
was placed the bottom, and this were laid, right angles the 


center the trench, three 12-in. timbers varying length with 


the excavation from ft. these timbers was drifted one 


12-in. timber the same length those the bottom row, but 
right angles them. Elevations were then taken top the 
12-in. timber, and the bent was framed complete and correct height. 
The framing was done south the line the trestle and west the 
freight-house. The framed bents were picked small two-boom 


traveler carrying two double-drum, electric, hoisting engines, and run 


forward into position. hole had previously been made the metal 


gutter and canopy the freight-house, experienced roofer, and 
the freight platform underneath, and, soon the bent had been 
dropped into position, was firmly drifted the foot-blocks, pre- 
viously and the excavation made for them was filled with 


well rammed about the blocks and rounded off in. above 


the surface the ground. Secure flashings, two sections, were then 


made about the posts cover the holes made the gutter and roof 
the bottom sections being firmly soldered the roof gutter, and the 
top sections, which lapped over the bottom and cleared them in. 
all directions, were firmly nailed the posts and the joints leaded. 
This arrangement allowed the bents move slightly, and the same 


time made the roof and gutter water-tight. These bents were placed 


ft. correspond with the spacing the doors the 
freight shed. 

Under the cross-overs near Eleventh Avenue, where the tracks had 
supported different positions the and could longer 
kept over the posts, the caps were trussed and the posts were rein- 

The trusses for the through bridge over tracks were 
Sunday, April 16th. The two trusses, one 122 ft. and the other 
165 ft. in. from center center end posts, had been assembled 
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and riveted, lying flat cribwork few feet above the ground, south 
the permanent position and between the New York Central tracks 
and Eleventh Avenue. the.date stated, the contractor, having been 
given permission block the Central’s tracks from M., 
erected large steel gin pole just south the correct position the 
center the north truss, which was then dragged, from the place 
where had been assembled, across the railroad tracks until the 
center the bottom chord was vertically under its true position, the 
truss still lying flat and about right angles the center line the 
bridge. Chains were made fast the top chord the middle panel 
the truss, which was then turned vertical plane, raised its 
permanent position, and guyed. The gin pole was then shifted and the 
operation repeated with the longer truss, after which, half the floor 
beams and part the top laterals were bolted position and the 
guys were removed, the bridge being thus erected without the use 
falsework any kind. During the lifting there was sag either 
truss that could noticed the eye. Fig. Plate shows 
the bridge erected, with the exception the tight timber fence. 

Pier No. directly over the North River Tunnels. When 
was turned over the New York Central Railroad Company, the 
contractor for the construction those tunnels tore down the shed 
and removed the deck and such piles were the path the tubes. 
This left standing the four northernmost, the four southernmost and 
two centers rows piles for the entire length the pier. addi- 
tional row piles was then driven either side the two center 
rows, and battered that the elevation the tunnels they would 
close the center rows and leave much clear space possible. 
The pier, therefore, was constructed three independent lines four- 
post bents, which, however, rested sills which were continuous 
throughout the width the pier, shown Figs. and Plate 
LXVIII. 

The bents for the upper floors the pier were double-decked, with 
12-in. posts, sills, intermediate and top caps, and 8-in. 
longitudinal and cross-bracing. The bents for the incline were 
except that those below ft. height were single-deck construc- 
tion. The spacing the bents varied from ft. in. ft., except 
the three outer bays, which had span ft., all agree with the 
position the pile bents. The double-deck construction extended for 
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the full length the original pier. single-deck extension, full 

width and 180 ft. length, was subsequently built for the 
tion four derricks for handling building material and large rock. 
The piles for this extension were driven three sets four rows each, 
similar those the old portion the pier, except that the bents 
were driven with uniform spacing ft. between centers. The 
three sets bents were topped separately with 12-in. caps and 
12-in. dock stringers; they were braced with both cross and 
longitudinal low-water bracing, and were tied together continuous 
12-in. timber over the dock stringers and 12-in. packing 
pieces from stringer stringer, each these ties being supported 
the center the span over the tunnels two 2-in. hog rods, Section 
“A-A,” Fig. 

The south side the upper deck the pier carried three sets 
nine hoppers, each set covering ft., little less than the full length 
between bulkheads the largest deck scows, with ft. clear between 
sets, allow for the length scow outside the bulkhead and 
permit the free movement boats. Each hopper occupied the full 
space between two bents, and, the caps were topped strips 
timber triangular section, with width in. the base and 
height in., protected 6-in. steel angle, each set hoppers 
presented lin. ft. continuous dumping room. The bottoms the 
hoppers, set angle 45°, were formed 12-in. timbers 
laid longitudinally, running continuously throughout each set, and 
covered 3-in. planking. The partitions were formed with 4-in. 
planks securely spiked uprights from the floor the hoppers the 
caps; these partitions narrowed toward the front and bottom 
fit inside the chutes. Each hopper was lined the bottom and sides 
with steel plates, and the bottoms were subsequently armored 
with 1-in. square bars laid in. centers and bolted through 
the 12-in. flooring the hoppers. The chutes, extending from 
the bottom the hoppers, were ft. long and ft. wide, the clear; 
they were formed entirely steel plates, channels, and angles, and were 
supported from the upper deck the pier chains; their lower ends 
were ft. above mean high tide and ft. in. from the string piece 
the pier. The hoppers and chutes are shown Fig. Plate 

length 150 ft. the north side the pier was for the use 
the contractor for the North River tunnels; was equipped with set 
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nine chutes similar those for the south side; they were used but 
little, and were finally removed make room for cableway for 
unloading sand and crushed stone. 

the foot the incline there was bank eight telphers 
running rails securely bolted the tops 20-in. L-beams, which 
were hung from stringers resting the upper caps. The beams were 
erected pairs, each pair being securely braced together and the 
trestle posts prevent swaying. Each telpher occupied the space between 
two bents, about ft., that the entire bank commanded length 
ft., which was approximately the length rock scow between 
bulkheads. All supports for the telphers were provided part the 
trestle, but the machines themselves were part the contractor’s 
plant. 

Four derricks were erected the extension, two the north and 
two the south edge the pier, supported bents sufficient 
elevation above the floor clear locomotive. 

After most the earth had been excavated, the out-bound set 
hoppers the south side the pier was removed, and two derricks 


were erected their place and used for unloading sand, crushed stone, 
and other building material. 


the use the 35th Street pier for the disposal material 
required that the mode transportation should dump-wagons 
drawn horses, the plant use the contractor during that period 
necessarily differed many respects from what was later, when 
Pier No. was available. Therefore, the nature the plant during 


each period will stated. The plant for each period will divided 
into five classes: 


1.—Central Plant: 

(a) Power-Generating Plant. 
(b) Repair Shops. 
2.—Retaining-Wall Plant. 
3.—Pit-Excavating Plant. 
4.—Transportation Plant. 
5.—Dock Plant. 


; 
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Horse-and-Truck Period: July 11th, 1904, May 22d, 1905. 
Plant. 


(a).—Power-Generating Plant.—The contractor’s first central gen- 
erating plant was established 85-ft. steel-framed building 
covered with corrugated iron, the long side being parallel Ninth 
Avenue and ft. from the east house line, and the north end ft. 
south the south house line 32d Street. The foundations for the 
building and machinery were resting bed-rock, the floor 
being ft. below the level the Ninth Avenue curb. The south end 
the building was the boiler-room and the north end the compressor- 
room, the two being separated partition. Coal was delivered into 
large bin, between the boiler-house and Ninth Avenue, its top being 
level with the street surface, and its base level with the boiler-room 
floor. 

the end the horse-and-truck period the plant consisted 


Two Rand, straight-line compressors, in., having 
capacity 1400 cu. ft. free air per min. when operating 
rev. per min, and compressing above atmos- 
pressure. 

One 10-in., Worthington, steam, plunger pump. 

Three horizontal boilers the locomotive type, each 125 h.p. 


(b).—Repair repair shops, which included blacksmith, 
machine and carpenter shops, were located the first floor 
70-ft. two-story frame structure, located the pit the north side 
31st Street ft. east Ninth Avenue. The second floor was the 
street level, and was used storehouse for hand-tools and small 
plant. 


The blacksmith shop contained: Four forges with hand blowers, 
four anvils, and hand-tools. 

The machine shop contained: One drill press, one shaper (14-in. 
stroke), one 18-in. swing lathe, and one 6-in. bed lathe. 

The carpenter shop contained: One circular saw, one wood lathe, 

The plant both machine and carpenter shops was operated one 
General Electric motor, the current for which was obtained 
from the Edison Electric Heat, Light, and Power Company. 
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Plant. 


Three cableways, with 35-ft. towers 12-in. yellow pine 
timber capable spanning 350 ft., and operated 10-in. 
double-drum Lambert hoisting engines mounted with 25-h.p 
Lambert upright.boilers. 

Five stiff-leg derricks, with masts from ft. long and 
booms from ft. long, operated 10-in. Lambert 
double-drum and swinging gear engines, mounted with 25-h.p. 
upright Lambert boilers. 

Six Cameron pumps, varying size from in. 
the steam cylinder, the second that the water, and the 
third the stroke. 

Five Rand sheeting drivers. 

Two Ransome yd. mixers, mounted frame, with 
kerosene driving engine. 

Drills drawn from pit plant required. 


Plant. 


One guy derrick, 50-ft. mast and 45-ft. boom, operated 
Lambert two-drum and swing-gear hoisting engine, with Lam- 
bert 25-h.p. upright boiler. 

Three derricks, similar those used the retaining 
wall work. 

Three Bucyrus, 70-ton steam shovels with 34-cu. yd. dippers. 

One traveling derrick, built with A-frame 12-in. tim- 
bers, 15-ft.. mast, and 25-ft. boom; the traveler carried 
engine and boiler similar those used the stiff-leg derricks, 
and was used the Seventh and Eighth Avenue sewers, 
well the pit. 

Ten Rand-Ingersoll rock drills, Nos. 34, and 

One Reliance stone crusher (nominal capacity tons crushed 
stone per hour) belt-driven 50-h.p. engine. 


4.—Transportation Plant. 


During the whole the first period the transportation plant con- 
sisted two-horse trucks and snatch teams needed. The 
number varied greatly from the beginning and end 
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the period average 135 from August 1st December 


1904, about 10% the total number teams being 
used snatch teams. 


5.—Dock Plant. 


The only machinery used the dock during the horse-and-truck 
period was one stiff-leg derrick similar size and operation 
those described under the head retaining-wall plant. 

The plant described above does not represent that which was used 
during the whole the horse-and-truck period, but what had 
lated the end it. The power-generating plant might almost have 
been omitted from this period, the first compressor did not begin 
running until February, 1905. Previous that time, the power for 
drilling, pumping, driving, sheeting, was steam furnished the 
boilers which subsequently drove the compressors, these being brought 
the ground and fired required. 

Train-Disposal Period, Beginning May 22d, 1905. 

the beginning this period there had been excavated 242 800 
cu. yd. earth and 800 yd. rock, the total excavation 
803 500 cu. yd. earth and 804000 yd. rock included the 
contract, leaving excavated under that contract 560 000 
cu. yd. earth and 781200 yd. rock, and additional con- 
tract had been let the New York Contracting Company for the 
terminal power station, which increased the earth 16500 and the 
rock 15500 cu. yd. During the year following, contracts for the 
east and west portions and the sub-structures were let, which brought 
the total excavated, after the beginning the train-disposal 

The central plant, transportation plant, and dock plant were used 
indiscriminately all these contracts, and, separation can 
made which will hold good for any appreciable length time, the 
plant those classes will stated total. The retaining-wall and 
pit plant here given include that used the principal contract and 
terminal power station only. The power-generating plant given under 
the horse-and-truck period was doubled the beginning the train- 
disposal period, but was still insufficient for the work then under 
contract, and the additional contracts necessitated greater increase. 
The location had also changed permit the excavation the 
rock under Ninth Avenue. The old stone church fronting 34th 
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Street between Seventh and Eighth Avenues, building ft. wide 
and ft. long, made roomy and very acceptable compressor-house. 
The wooden floors and galleries were removed, and good concrete 
foundations were put in, which set the plant; the walls, which 
were cracked several places, were trussed apart and prevented from 
moving outward cables passed about the pilasters between the 
windows. 

The boilers were erected south the church, ash-pit being first 
built, the full width it, with the floor level with the basement. 
The rear wall the church formed the north wall the ash-pit, and 
the south wall and the ends were built concrete. The boilers were 
set with the fire-doors toward the rear wall the building, and ft. 
distant from it, and above this fire-room and the boilers there was 
erected coal-bin 500 tons capacity. The rear wall the 
pressor-house formed the north wall the bin, the section which 
was isosceles right-angled triangle. Coal was delivered dump- 
ing wagons into large vault constructed under the sidewalk 34th 
Street, and was taken from there the bin belt conveyor. 

The plant for the second period was follows: 


Plant. 


(a).—Power-Generating plant the engine-room 

consisted 

Three Rand straight-line compressors from the original power 
plant Ninth Avenue and 32d Street. 

One Ingersoll straight-line compressor from the old power-house. 

One Rand duplex Corliss, 48-in. air compressor, with both 
air and steam cylinders cross-compounded, and capacity 
5600 ft. free air per min. compressed 
rev. per min. 

Three Rand duplex, 30-in., compressors, connected with- 
525-h.p., 600-volt, General Electric motors, with capacity 
3000 cu. ft. free air per min. compressed 
125 rev. per min. 

Two 10-in. Worthington steam plunger pumps. 

One General Electric motor for driving the Robbins belt 
coal conveyor. 

One forced-draft fan (built the Buffalo Forge and Blower 
Company), driven 10-in. Buffalo engine. 
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the boiler-room there were three 500-h.p. Sterling water-tube 
boilers. 

repair shops remained their old location 
until sufficient room had been excavated sub-grade the lot east 
Eighth Avenue, and then they were moved the old Ninth Avenue 
power-house which had been erected that point. The contents the 
blacksmith shop remained the same for the first period. The equip- 
ment the machine shop was increased one 18-ton 
operated air and one bolt-cutting machine, size in. in. The 
carpenter shop remained the same except that the electric motor was 
replaced 25-h.p. single-cylinder air motor; there was added the 
repair shop drill shop containing: Four forges with compressed air 


blowers, four anvils, two Ajax 20-ft. drill sharpeners, and one oil 
blower forge. 


2.—Retaining-Wall Plant. 
The retaining-wall plant was identical with that for the 


first period, with the addition two Ransome 1-cu. yd., concrete 


mixers, with vertical engines mounted the same frame, using 
compressed air. 


Plant. 
The pit-excavating plant included that listed for the first period 
and, addition, the following: 


One 30-ton, steam shovel, with yd. dipper and 
vertical boiler. 


One Ohio, 30-ton, steam shovel, with 1-cu. yd. dipper and vertical 
boiler. 


Four guy derricks (50 80-ft. masts and 60-ft. booms), 
operated Lambert 10-in. engines, with two drums and 


swinging gear, mounted with 25-h.p. vertical boilers, but 
driven compressed air. 


Seventy Ingersoll-Rand rock drills, Nos. 34, and 
Two Rand quarry bars, cutting ft. length one set-up, and 
mounted with No. drill using Z-bit. 
4.—Transportation Plant. 


Twenty-one Porter locomotives, 16-in., and 36-in. 
gauge. 
Three Davenport locomotives, 16-in., and 36-in. gauge. 
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One hundred and forty Western dump-cars, each cu. yd. 
capacity. 
One hundred and sixty-five flat cars, with iron skips, each 
cu. yd. capacity. 
Plant. 


Four stiff-leg derricks extension, having 35-ft. masts and 40-ft. 
booms, and each operated 60-h.p. Lambert, three-drum, 
electric, hoisting engine. 

One stiff-leg derrick, the south side the pier the upper 
deck, with mast operated three-drum Lambert 
engine and 25-h.p. vertical boiler. 

One stiff-leg derrick, the north side the dock the upper 
deck, used exclusively for bringing brick, electric conduit, 
pipe, and other building material, operated when first erected 
three-drum, steam-driven, Lambert, hoisting engine. 
This engine was later changed the derrick the south 
side the dock, and motor-driven Lambert engine from 
that derrick was substituted. 

Eight electric telphers. 


Ninth Avenue Twin-Tunnels Plant. 


One stiff-leg derrick, previously used retaining-wall work. 

One Smith concrete mixer, cu. yd. capacity, driven attached 
air engine. 

Two cableways taken from the retaining-wall plant and used for 
mucking out the tunnels after the center pier had been built; 
driven air supplied the original engine. 

One Robbins belt conveyor, driven 30-h.p. engine run air. 

Three 1-cu. yd. Hopple 


Ground was broken for work under the principal contract July 
9th, 1904, which date the contractor began cutting asphalt for 
Trench No. Street, and also began making roadway from 
Ninth Avenue into the pit just south 32d Street. 

Excavation for Retaining essentially different meth- 
ods were used excavating for and building the retaining walls; one, 
construction the trench, the other, construction the bench. 
general, the trench method was used wherever the rock which 


i 
7} 
re 
é 
; 


508 PENNSYLVANIA TUNNELS: TERMINAL STATION 


the wall was founded was ft. more below the surface 
the street; or, what perhaps more exact statement, includes 
the determining factor, where the buildings adjoining the wall loca- 
tion were not founded rock. 

the trench method the base the wall was staked out the 
surface the ground, the required width being determined the 
elevation the rock, shown the borings. The contractor then 
added much width desired for sheeting and working space, 
and excavated depth about ft. before setting any timber. 
some cases the depth ft. was excavated before the cableway 
derrick for the excavation was erected, the wagons being driven 
directly into the excavation and loaded hand, but, usually, the 
cableway was first erected, and buckets were used from the start. 
After the first ft. had been excavated, two sets rangers and struts 
were set, the first the bottom the excavation and the second 
the level the street surface, supported posts resting the bot- 
tom rangers. The sheeting was then set, and all voids back were 
filled with clean earth and well tamped. The toe the sheeting was 
kept level with the bottom the excavation until the ground-water 
was reached, after which was kept from ft. ahead the dig- 
ging. 

The sheeting used was 3-in., variable widths; was always 
tongued and grooved the side the trench next the buildings 
and the deeper excavations both sides the trench, and was 
driven wooden mauls above the ground-water level, but steam 
sheeting-drivers were used below that elevation. Struts, rangers, and 
posts were generally 12-in. 

Some exceedingly bad material was encountered the deeper 
excavations, beds quicksand being passed through, varying thick- 
ness from ft., the latter, Street between Seventh and 
Eighth Avenues, the deepest excavation made. After encountering 
the fine sand that trench, headway was made until tight 
wooden was sunk through the sand excavating the material 
inside and heavily weighting the shell with pig iron. When this 
cylinder had reached the gravel, which lay below the sand, was used 
sump, and the water level was kept below the bottom the 
excavation, which permitted good progress. Sand continued flow 
under the sheeting such extent, however, that the front walls 
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four adjoining buildings were badly cracked and had taken 
down and rebuilt. All the stoops along this trench settled, and had 
repaired. 

The bench method excavating for the retaining wall was very 
simple, and was used only where the rock lay near the surface and the 
adjoining buildings were founded it, the overlying material being 
such case dry, and consequently firm, little shoring was 
required. The method was extend the pit excavation width 
ft. beyond the proposed back the retaining wall, and carry 
that width down the depth required for its base, below which the 
excavation was narrowed ft. inside the face the wall and 
continued either before was built subsequently. 

Retaining-Wall concrete walls were built 
sections ft. length, except where that spacing would bring 
expansion joint under girder pocket just line with tier 
struts, which cases the section was shortened required. Trenches 
were never allowed remain open the full depth, the concreting 
being started soon after the necessary length rock had been 
uncovered the forms and preliminary work for section could 
prepared. Each section was monolith, except few cases where 
very heavy rains made impossible hold the laborers. 

The various operations building the concrete wall are shown 
Fig a,” Section were securely spiked 
alternate tiers struts for the length the section, the face each 
guide-plank being set line with the intended face the concrete 
wall, and 2-in. tongued-and-grooved spruce plank were laid along the 
guide-plank the height the bottom strut and securely braced 
from the front sheeting. 4-in. brick wall was built simultaneously 
line with the back the wall the height the first step. Where 
the bottom strut was below that elevation, the brickwork was left low 
that immediate point and built when the strut was removed. The 
brick wall was then water-proofed the side toward the concrete, and 
loose laps the water-proofing were allowed hang over the brick- 
work and least in. down the back. 6-in. vitrified pipe drain was 
then laid along the surface the rock just outside the brick wall, 
the joints the pipe being caulked with oakum saturated cement, 
and pointed with cement mortar above line in. below the horizon- 
tal diameter, the remainder each joint being left open. Cross-drains 
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were laid from tees the back drain the face the wall all 
low points the rock and least for every ft. wall length, the 
joints these discharge pipes being caulked and cemented through- 
out. The surface the rock was then washed and scraped clean, and 
was covered with about in. mortar, after which the section was 
ready for concrete. 

The building monolithic sections trenches required that the 
thrust from one set struts taken the concrete before the set 
above could removed, and necessarily caused slow progress, the rate 
which concrete was deposited being just sufficient prevent one 
layer from setting before the next layer above could placed. 

The concrete used was mixed the proportions part cement 
parts sand and parts stone, 2-bag batches, and 
Ransome portable mixers mounted with air-driven engines the 
same frame. These mixers were placed the surface, and were 
charged with barrows, the correct quantities sand and stone for 
each batch being measured rectangular boxes previous loading 
the barrows. The concrete was discharged from the mixer into 
hopper which divided into two chutes, only one which was used 
time, the concrete being shoveled from the bottom the chutes 
its final position. Facing mortar, in. thick, was deposited simulta- 
neously with the concrete, and was kept separate from steel 


diaphragm until both were place, when the diaphragm was removed 
and the two were spaded together. The bottoms the guide-planks 
were cut off just above the concrete progressed, and, soon 
the wall had reached strut one end the section, that strut was 
removed, the form was built the next strut, front and back, 
and braced the sheeting, that, the time the entire length 
the section had been carried the level the first line struts, 
forms were ready one end for the succeeding layers. The layers 
never exceeded in. height, and times there were 
slight delays the concreting while the carpenters made ready the 
next lift forms, but such delays were rarely long enough permit 
the concrete take its initial set. 

After section concrete had firmly set, both back and front 
forms were removed, and the thrust from the sides the trench was 
transferred directly the finished wall. The face the wall was 
rubbed with cement brick remove the marks the plank, and 


> 


0-0 


d-d 


ELS: TERMINAL STATION SITE 511 


was then coated with wash thin cement grout. The water-proof- 
ing and brick armor were then continued the back the wall, the 
spaces between the lines braces being first water-proofed and 
bricked, and the braces transferred the finished surface, after which 
the omitted were completed. The water-proofing consisted 
three layers Hydrex felt, brand known Pennsylvania 
Special, and four layers coal-tar pitch. The pitch contained not 
less than 25% carbon, softened 60° Fahr., and melted point 
between 96° and 106° Fahr. The melting point was determined 
placing gramme pitch lead disk over hole, in. 
diameter, and immersed water which was heated the rate 
per min.; the temperature the water the time the pitch ran 
through the hole was considered the melting point. 

order prevent the water-proofing from being torn the 
joint between sections when they contract from changes temper- 
ature, vertical strip felt, in. wide, was pitched over each joint, 
lapping in. each concrete section. The back this strip was not 
pitched, but was covered with pulverized soapstone, that the water- 
proofing sheet was free from the wall for distance in. either 
side each joint. 

was continued during the severest weather, one section 
being placed when the thermometer was above zero. When the 
thermometer was below the freezing point both sand and stone were 
heated wood fires large pipes under the supply piles; the tem- 
perature the mix was taken frequently, and was kept above degrees. 
Numerous tests made while the work was progress showed that, 
while the temperature fell slightly soon after the was depos- 
ited, was always from higher the end hours. The 
face and back the were prevented from freezing lib- 
eral packing salt hay just outside the forms. 

vertical hog trough, in. wide and in. deep, was placed 
one end each section, for its full height below the bridge seat, into 
which the next section keyed, and, when the temperature the time 
was below 50° Fahr., compression joint was formed 
placing strip heavy deadening felt, ft. wide, the end the 
completed section next the face and covering the remainder the 
end with two ply the felt and pitch water-proofing; the one ply 
deadening felt near the face was about the same thickness the 
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two ply water-proofing, and was used prevent the pitch from 
being squeezed out the joint the face the wall. 

The excavation for the retaining walls and 33d Streets 
were all cases made sufficient width receive the sewers, which 
were laid soon the back-fill, carefully rammed and puddled, had 
reached the proper elevations; the back-filling was then completed, 
and the gas and water mains were afterward laid separate trenches. 

The sections concrete built trench varied height from 
ft. from the base the top the back wall. With the excep- 
tion the Seventh Avenue wall, ft. height, and the Ninth Ave- 
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nue wall, ft. height, none those sections constructed the 

method was more than ft. The forms and bracing for these 
walls were substantially the same, except that the low walls were 
built lengths approximately ft., while the forms for the 
Seventh and Ninth Avenue walls were only ft. long. 

The forms and bracing for the Ninth Avenue walls are shown 
Fig. These forms were built one piece and moved ahead from 
section section, and they were firmly braced from the bottom with 
raker braces point ft. above the base, the upper part being 
held place bolts passed through the forms and anchored 
cables bolts grouted into the rock behind. 


4 
ie 


After the forms had been set and braced, 8-in. brick wall was 
laid the face the rock, containing vertical line three-cell 
hollow tile block every ft. length, and laid conform nearly 
possible the face the rock, all voids being filled with broken 
stone. Water-proofing, similar that described for the walls the 
trench, was then applied the brick and tile wall for the full height, 
and firmly braced the front forms, the braces being removed the 
concrete reached them. The concrete was mixed the street level 
and deposited through chutes, described previously. 

Tables and show the quantity cement used each sec- 
tion retaining wall, and give figures which the quantities 
other materials may determined. 

Pit pit excavation during the horse-and-truck 
period was largely preparatory work done get the excavation 
good shape for handling spoil trains after Pier No. and the trestle 
approach were finished. This required open cut from Ninth 
Seventh Avenues sufficient depth below the sewers and other 
substructures the avenues clear locomotive, and wide enough 
for both running and loading tracks, also the building the cast-iron 
sewer Eighth Avenue across the entire excavation, with enough 
the temporary bridging support it. The building the trestle 
Eighth Avenue was essentially part the pit excavation, the 
progress one depended greatly that the other. 

Excavation was commenced July 12th, 1904, for the crossing 
under Ninth Avenue, and the pit east Ninth Avenue along 32d 
Street. The line chosen for the opening cut was down the center 
the pit, was not safe excavate near the bounding streets until 
after the completion the enclosing retaining wall. The excavation 
was started hand, but three 70-ton Bucyrus steam shovels were put 
work soon they could delivered, the first July 25th and 
the third September 12th. The excavated material was loaded 
the shovels end-dump wagons, each having capacity cu. 
yd., and was conveyed them the dumping board 35th Street. 
The average number teams was 140, 10% being snatch teams 
pull the wagons out the pit and assist them the runway 
the dumping board. The teams averaged only seven trips per day 
hours, considerable delay being caused the trains the New 
York Central Railroad Eleventh Avenue. 


The number teams 
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was not sufficient, therefore, keep the three shovels busy when they 
were all good digging, but the dumping board was taxed accom- 
modate that number, and little would have been gained increasing 
it. The digging was very good during this period, practically rock 
being encountered, and the building foundations light 
present any obstacle such powerful shovels. The capacity their 
dippers was cu. yd., that one dipperful meant one truck loaded 
and running over. The output from August November, inclusive, 
averaged 40000 cu. yd. per month; one shift only was worked per 
day, and although the quantity was not large for three such powerful 
shovels, was large truck through the streets, and required that 
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one team pass given point every sec. the end November 
the opening the pit had been accomplished, considerable rock 
had been stripped near Ninth Avenue, and the streets had become 
icy that the cost transportation was practically doubled; work 
the pit, therefore, was much curtailed, and amounted 
work for one shovel from that time until the end the period, May 
22d, 1905, when Pier No. was put service and transportation 
train began. Figs. and Plate LXIX, show the condition the 
pit east and west Eighth Avenue, respectively, that date. 

The work excavating for and building the temporary street 
bridge, typical bent and bracing for which are shown Fig. and 
the cast-iron sewer and water mains Eighth Avenue, was com- 
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menced September 3d, 1904. The trestle was double-decked 
structure yellow pine, with 10-in. posts and sills, 14-in. 
intermediate and top caps, and 10-in. longitudinal and cross- 
braces. The trestle was further stiffened longitudinally four lines 
10-in. struts, butted between the intermediate caps, 
position 8-in. splice-plates resting top them. The 
intermediate caps were elevation ft. below the surface 


the and above that line the longitudinal bracing was 


ous, while below the bents were braced pairs, the bracing being 
omitted from every second bay. Below the intermediate cap the bents 
were uniform for the entire width the trestle, but the top cap was 
not continuous, being ft. below the surface under the trolley tracks, 
and only in., the depth stringers and planking, beyond. The 
stringers under the trolley tracks were 16-in. yellow pine, spaced 
three track, and those for the driveway were 14-in., spaced 
ft. in. centers, the planking being 4-in. yellow pine. 

The first step the construction was excavate trench ft. 


wide the west side the street, the east side the trench being 


ft. west the westernmost trolley rail. While this work was 
progress, all vehicular traffic was turned that part the avenue 
east the westerly trolley rail. The trench was sheeted and tim- 
bered, and carried depth sufficient receive the intermediate cap. 
That portion the bent from the bottom the intermediate cap 
the bottom the top cap was then erected for the width the trench, 
after which the 60-in. cast-iron sewer and the 48-in. water main were 
laid position and caulked. The top cap, stringers, and planking 
were then laid, for the full width the trestle west the trolley 
tracks. This work was finished and the sewage turned into the new 
sewer April, 1905. 

the planking was laid west the trolley tracks, traffic was 
turned that side the street, and the material east the tracks 
was excavated its natural slope. Trenches were then dug under the 
tracks the line the bents, and the caps were set position 
blocking. The material between these trenches was then removed, the 
tracks being supported meanwhile blocking least every ft., 
and the stringers and planking were shoved into place. Excavation 
was next made between the caps depth about ft. below them, 
needle-beams being placed under the caps, one two time, and 
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supported posts erected these excavations; the material line 
the bents was excavated the depth the intermediate caps, which 
were then set, together with the posts and bracing for the upper 
deck the structure. This operation was repeated for the lower deck, 
about ft. being gained for each change posts, and three shifts, 
therefore, were required. 

the beginning the train-transportation period, May 22d, 
1905, two shifts hours each were inaugurated, and the earth was 
handled the rate from 85000 90000 cu. yd. per month; but, 
the end August, when little more than 60% the total earth 
had been disposed of, the rock began interfere very greatly with the 
progress. The strike the rock was almost directly north and south, 
and its surface formed broken ridges running that direction, with 
deep valleys between. The dip was almost vertical near Ninth Avenue, 
and about 70° toward the west near Seventh Avenue. This condition 
made necessary turn the shovels parallel the ridges order 
strip the rock for drilling; and, the ridges were very broken, the 
shovels continued bump into them all occasions, making neces- 
sary move back and start other cuts stand and wait for the rock 
drilled and blasted. One small Vulcan steam shovel, with verti- 
cal boiler and yd. dipper, had been brought the work 
used stripping rock, and was moved from place place much 
more easily than the large ones that Ohio shovel the same general 
type was purchased October, and thereafter the stripping was done 
largely the two small shovels and hand, the large shovels being 
used almost exclusively handling rock. 

The drilling necessary remove the rock was very large amount 
and also per yard excavated. order not damage the retaining 
walls and the rock underlying them, holes spaced 5-in. centers were 
drilled ft. away from the face the walls and the same batter. 
These breaking holes alone amounted total 210000 lin. ft., 
ft. hole for each cu. yd. rock excavated; and the regulations 
the Bureau Combustibles, which prevented springing, caused 
the blasting holes placed very close together and required total 
about 420000 lin. ft., making 630000 ft. this added the 
block holes, for some the rock broke very large, will show least 
ft. drill hole for each yard rock excavated, about ten 
times the average general railroad work. 
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number cubic yards crushed stone used any section can found multiplying the figure for that section 

0.7778. 
cubic yards sand used any found multiplying the sum the figures for that section Columns 

No. Amount sand cut down part this section account dust stone. 
Section No. stone used this section, large and full dust. 

Section No. Stone crushed the work used this section, large and full dust. 
Section No. 21. mix was used part this section account stone being large. 
Section No. 24. Different sized stone was shipped barge and mixed the board for this section. 


Section No. mix used small part this section account stone being large. 
Sections Nos. 76, 82, 84, and 86. Stone contained large amount dust. 


(12) (13) 
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5.95 611.53 731.50 1.20 11/20/04 
151.92 182.50 1.20 5/3/05 5/6/05 
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(1) 


Section 
No. 


(2) 


TABLE 2.—Recorp Sections, TERMINAL 
West Thirty-third Street from Seventh Avenue Ninth Avenue. 


(3) 


Contents 
section, 


180.40 
214.12 
150.16 
869.40 
215.93 
936.15 
136.19 
192.78 


(4) 


Barrels 
cement 
used for 

1g. 


(5) 


Cubic 
yards 
facing 
mortar 
equiva- 
ent. 


14.46 
10.04 
13.70 
6.98 
20.25 
7.74 
10.89 
15.06 
9.61 
19.99 


(6) 


Barrels 


(8) 


Cubic 


yards 


(9) 
Cubic 
yards 
concrete 
section 
(net). 


169.17 
199.35 
353.15 
136 
210.36 
128.15 
184.87 


(10) 


Barrels 
cement 
used 

concrete. 


cement 
per 
cubic 
yard 


1.12 
1.11 
1.09 
1.18 
0.98 
1.18 
1.18 
1.15 
1.15 
1.15 
1.20 
1.18 
1.15 
1.22 
1.17 
1.22 
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(12) 


Concrete 
started. 


8/7/05 
8/14/05 
8/16/05 
8/19/05 
8/24/05 
8/29/05 
9/11/05 
10/9/05 
11/17/05 
12/18/05 
1/15/06 
4/4/06 
4/24/06 


(13) 


Concrete 
finished. 


8/11/05 
9/6/05 
9/2/05 
9/15/05 

4/6/06 


number cubic yards crushed stone used any section can found multiplying the figure for that section Column 
cubic yards sand used any section can found the sum the figures for that section 
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TABLE 2—(Continued). 
| bi | | | 
The number cubic yards crushed stone used any secti 
cubic yards sand used any section found ying the figure for that section Column 
Section this secti removed account damage done blasti 
and was replaced Sections Nos. 


(13) 


Barrels 


Contents Barrels 


section 


cubic 
yards. section concrete. 


mortar. (net). concrete. 


179.19 1.00 183.00 7/10/05 
114,38 0.25 119.25 7/14/05 
101.20 1.50 107.2 7/26/05 7/28/05 
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2.25 0.77 520.72 610.75 1.17 9/10/06 9/15/06 
544.54 2.00 0.68 529.09 1.11 9/24/06 9/28/06 


The number cubic yards stone used any section can found multiplying the figure for that section Column 
number cubic yards sand used any section can found multiplying the sum the figures for that section 
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Channeling with 10-ft. quarry bar, carrying No, Ingersoll- 
Rand drill with Z-bits, was attempted place the close drilling 
below the walls, but, the rock stood nearly vertical and was full 
soft seams, very little could accomplished, the average cut per 
day hours, counting the time moving and setting up, was only 
sq. ft., and, after thorough trial, the bars were abandoned. 

excavated material was hauled from the shovels 
the pier 10-car trains. The cars were three classes: 4-yd. Western 
dump-cars, flat cars without skips, and flats carrying specially designed 
steel skips having capacity cu. yd. each. far practicable, 
earth, and rock containing cu. yd. less, was loaded dumpers, 
medium-sized rock the skips, and large rock the bare flats. 
steam shovel must pick what nearest first, however, this 
classification could not always adhered to, and many large rocks 
were loaded into dumpers. Cars this class which contained 
material too large dump were run once the hoppers, and were 
dumped and returned the pit; others, together with the flat and skip 
cars, were run down the incline the derricks and telphers, where the 
flats and skips were entirely unloaded, and the large rocks were 
removed from the dumpers, after which they were run the hoppers 
and emptied. 

The total quantity excavated material handled this pier from 
May 22d, 1905, December 31st, 1908, amounted. 673 800 cu. yd. 
earth and 1488000 cu. yd. rock, place measurement, equal 
cu. yd. crushed stone and sand and 6000 car loads miscellaneous 
building material were transferred from scows and lighters small 
ears for delivery the Terminal work. 


All the earth and 570000 cu. yd. the rock, place measurement, 


were handled through the chutes, and the remainder the rock, 


000 yd., and all the incoming material the derricks and 


telphers. capacity handle material, one telpher was about equal 
one derrick. train, therefore, could emptied boat loaded 
under the eight telphers one-fourth the time required 
the derricks, which only two could work one boat. The telphers, 
therefore, were great advantage where track room and scow berths 
were limited. 


noted the list under which the work was exe- 
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cuted, the scows both the 35th Street dumping board and Pier 
No. were furnished, towed, and the material finally disposed of, 
Henry Steers, Incorporated. During the same period, this contractor 
disposed the material excavated from both the Cross-town Tunnels, 
constructed the United Engineering and Contracting Company, 
and the tunnels under the East River, Pearson and 
Son, Incorporated. stated previous papers this series relating 
the construction those tunnels, the material excavated the 
United Engineering and Contracting Company was delivered barges 
35th Street and East River and that Pearson and Son, Incor- 
porated, two points, one Long Island City and the other 33d 
Street and East River, Manhattan. 
The total number yards material disposed amounted 
to: Place measurement. Total barge 
Rock. measurement. 
35th Street and North River 242 800 800 281 500 
Pier No. 72, North River 673 800 488 000 203 400 
From 
From Under-river Tunnels 


The material was delivered follows: 
the freight terminal the Pennsylvania Railroad Com- 
pany Greenville, 454 800 
the Meadows Division the Tunnel Line between Har- 
rison, J., and the North River Portals 711 900 
other points selected the contractors 291 100 


457 800 


The handling this large quantity material required the loading 
from scows per day (and for more than two years the 
average was 14), and, the average time spent one round trip was 
days, fleet more than scows was required keep all points 
supplied and allow for few out service undergoing repairs. 

All loaded scows were towed from the docks, with the ebb tide, 
stake boat anchored the bay about one mile off shore Greenville; 
and were taken from there the different unloading points, re- 
quired, smaller tugs which also empty the 
stake. 
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The unloading plants were similar the different points, although 
that Greenville was much larger than the others. included five 
land dredges and eight traveling derricks two types, one floating 
and the other mounted wheels and traveling track 16-ft. 
gauge. The derricks handled the large rock, which was loaded Pier 
No. derricks and telphers. They were the ordinary A-frame 
type, and were designed handle tons. They were operated 
10-in. Lidgerwood double-drum and swinging-gear engines. The large 
rock was deposited the derricks either the channels along which 
they worked the fill along shore, without the use cars. The 
land dredges were equipped with 60-ft. boom and 23-yd. Hayward 
bucket operated 18-in. double-drum Lidgerwood dredging 
engine. They loaded into 9-yd., standard-gauge, side-dump built 
the contractor, and unloaded the within about ft. the 
deck, Hayward bucket being unsuitable for closer work without 
greatly damaging the scows. The material remaining was loaded 
hand into skips which were handled the cars small derricks, one 
which was located the rear each dredge. The cars were taken 
the dump and returned 25-ton, standard-gauge, engines which 
had previously done service the Manhattan Elevated Railroad, but 
were spotted for loading the engine the dredge. 

order keep record the fleet which would show 
the available supply glance, board, in., and covered 
with heavy sheet ruled paper, was arranged shown Fig. 10. 
was divided into vertical columns, the first which was headed 
and the name number each scow service. 
The next four columns denoted loading points, and were headed 
“Pier No. 72,” “Thirty-third Street, East River,” “Thirty-fifth Street, 
East River,” and “Long Island City,” respectively; the sixth column 
was headed the seventh “Hackensack,” the eighth 
“Passaic,” and the ninth “Governors Island,” being unloading points, 
the tenth and eleventh, “Stake and “Dry Dock,” respectively, 
while the twelfth was for “Extra pins,” not use. indicate the 
condition the scows, small pins with colored heads were used; white 
indicated empty; blue, working; black, loaded; red, being repaired; 
and pearl-colored pin, missing. Thus white-headed pin opposite 
the number the column headed Pier No. indicated that scow 
No. was lying that pier waiting placed position for 
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loading, whereas black-headed pin the same point meant that the 
had received its load and was ready towed. 

The scows were all taken from the general service about the harbor; 
some them were practically new, while others had seen much service. 
They were two general types, truss-framed bulkhead-framed; all 
were flat-bottomed, with rake about 45° bow and stern. The 
truss-framed scows were built with cross-truss every ft., 
which rested, fore and aft, two classes beams, main and inter- 
mediate. The main beams were built timbers ranging from 
in. in., were scarfed the joints, and trussed with the 
bottom logs. The intermediate beams were timbers varying from 


Loading Points. Unloading Points. 


Scows. Pier Long 
Street | Street 


Extra Pins. 


Stake Boat. 


No.1 


H.S. No.2 


No.5 


No.7 


No.8 


BOARD 
RECORDING LOCATION 
AND CONDITION SCOWS 


Fie. 10. 
in. in., had butt joints, and were dapped the cross- 
trusses give convex surface the deck, which was built 3-in. 
and 4-in. plank, from in. width, running athwartship. The 
sides the scows this class were spiked and bolted trusses similar 
those running under the main beams. The bulkheaded boats had 
both sides and two longitudinal bulkheads placed divide the 
10-in. timbers, laid one upon the other, and bolted through from top 
bottom. beams these boats ran athwartship, rested sides 
and bulkheads, and ranged from 10-in. 12-in., spaced 
ft. apart, and dressed give convex surface the deck, which 
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was usually in., some cases in., thickness, and made 


narrow plank from in. width. 


These boats had all been designed for lighter work than they were 
here required perform, and large amount breakage occurred 
from the start. order that the contractors for the excavation should 

CO. 


Dates 
Denotes charge against H.Steers Inc. Note 
“ “ “ Owner. 


Rail 


Intermediate Long. 


DIAGRAM DECK SHOWING BAYS 
11. 


unhampered method loading, the contracts provided that 
they should pay for all damage done the scows loading, other 
than ordinary and usual wear and tear, all other damage being the 
expense the contractor for the disposal. rigid system inspection 
was necessary determine and record properly the damage for which 
each contractor was responsible; and, much the breakage could 
not noticed from the exterior, thorough examination the 
interior each scow was made before and after every loading. 


Papers. 


order 
the 
the 
with 
respo 
injur 
the 
the 
mark 
amo 


q 
' 
' 
cel 


Papers.] TUNNELS: TERMINAL STATION SITE 529 


order keep proper records, the bays each scow, formed the cross- 
trusses, were numbered, beginning aft with number and going forward 
the bow, and the longitudinal bays formed the main beams were 
lettered, beginning with “A” the port side. beam broken 
“1-A,” therefore, would intermediate beam the stern port 
corner bay, and beam broken “10-A-B” would main beam 
the bow end the port side. The underside each plank was marked 
with number beginning with the stern and increasing unity 
the bow. Fig. diagram scow accordance with this 
system. addition recording the date, location, extent, and party 
responsible for each damage, book kept for that purpose, the 
injured member was marked with paint, the color which indicated 
the party responsible. The repairs were made the contractor for 
the disposal material, and the cost was assessed according the 
marking the boat. 

The careful inspection the damage done scows and the cost 
their repairs enables fairly accurate statement made the 
amount different points, and here given the basis cost 
repairs per cubic yard, barge measurement, material handled. 


Cost, cents 
per cubic yard. 


Repairs damage done loading material from 
Repairs damage done loading material from 
Repairs damage done loading material from 
Repairs damage done transporting and un- 
loading material from all points............. 1.81 


The above figures not include the expense due scows which 
were overturned sunk while the service, which amounted 0.4 
cent per cubic yard, additional. 

Ninth Avenue two double-track tunnels under Ninth 
Avenue, constructed obtain 100 ft. additional tail room each 
four tracks, required excavation ft. wide, Fig. 12. The rock, 
although fair, was not firm enough for great span, and, obviate 
the necessity timbering, the center wall was built before excavating 
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for the full width. The dip the rock this point almost 90°, and 
prevent blowing away the entire face excavating for the 
the pit excavation was not carried west the final face below the 
springing line, 10-ft. bench being left that elevation. top head- 
ing ft. high and ft. wide was started above that bench and, after 
penetrating about ft., was widened ft. cross-heading was 
driven each direction the west end the first heading; the bench 
was then shot down, the first ft. the iongitudinal heading 
was widened sufficiently receive the center wall, Fig. the 
middle wall had been concreted, any voids between its top and the rock 
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were grouted through pipes left for that purpose; the wall was then 
protected curtains heavy round timber securely wired together, 
and the remainder the excavation was made widening the cross- 
headings toward the face. The muck was carried out two cableways, 
one each side the completed middle wall, each which was 
supported tower outside the tunnel and large hook-bolt 
grouced into the rock the inner end the tunnel. Forms were built 
for each tunnel complete, and the concrete was delivered belt 
conveyor, running over the top the lagging, and moved out the 


tunnel was keyed. 
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THE WATER SUPPLY THE 
PASO AND SOUTHWESTERN 
FROM CARRIZOZO SANTA ROSA, MEX. 


Paso and Southwestern Railway the 
arid country west the 100th Meridian New Mexico, Texas, and 
Arizona, shown the map, Fig. water supply herein 
serves that division this road lying between Carrizozo and 
Santa Rosa, distance 128 miles. 

average annual precipitation 9.84 in. The year 
1909 was exceptionally dry, with rainfall less than in. 

Original Water and west Paso, for distances 
270 miles the railway crosses streams, and the 
supply was obtained from wells ranging from 100 1100 ft. depth. 
the division served the new supply, this well-water very 
bad quality, shown Table 

After the most thorough practicable treatment, these waters were 
still bad that they caused violent foaming, low steam pressure, hard 
sealing, rapid destruction boiler tubes, high coal and water con- 
sumption, extraordinary engine failures small engine 


papers are issued before the date set for and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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mileage, low train tonnage, excessive overtime, and demoralized 
train service. 


TABLE 
Incrusting solids, Non-incrusting solids, 
Station. grains per gallon. grains per gallon. 
| 


New Water writer was directed find, possible, 
supply good water, and his efforts proved successful. The pure 
water now use has eliminated the adverse conditions before men- 
tioned; has improved the esprit corps the train service; and, 
short time, the reduction operating expenses will liquidate the first 
cost the new supply. 

This supply taken from the South Fork Bonito Creek, which 
flows down the eastern slope White Mountain. The latter 
000 ft. high, and miles south Carrizozo (Fig. 1). The water- 
shed granite and porphyry formation, heavily timbered, and the 
stream fed snow and rain. This combination yields excellent 
water, carrying average 6.05 grains incrusting and 0.95 grains 
solids per gallon. The North Fork the creek 
16.60 and 2.40 grains, respectively. Below the junction 
these forks, the water contains 10.48 grains incrusting and 1.57 
grains non-incrusting solids per gallon; and branch pipe line takes 
water from the creek during intervals dry years when the daily 
flow the South Fork less than the consumption. 

The Water water taken and along the railway 
pipe lines. The system includes 116 miles wood pipe, miles 
iron pipe, one 422 000 000-gal. storage reservoir, four 500 000-gal. 
service reservoirs, two pumping plants duplicate, and accessories 
valves, stand-pipes, ete. 

From small dam across the creek elevation 
728 ft., the pipe line drops down the narrow valley eastward, miles, 
elevation 6980 ft., where turns abruptly north, rising 
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mile table-land, 7215 ft. above sea level, across which con- 
tinues northward miles the storage reservoir, which the north 
edge this elevated country. Hereafter, this reservoir will called 
the Nogal Reservoir, from the old mining village Nogal lying 
miles the north and 600 ft. below it. From this reservoir, the line 
drops abruptly the Carrizozo plain, and crosses the latter northward 
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Coyote, Mile 156, the railway, elevation 810 ft., pass- 
ing, the way, miles east Carrizozo, which branch pipe runs, 
Carrizozo being 5430 ft. above sea level. There 
reservoir Coyote, and similar one Carrizozo. 

This describes the gravity section the line which brings the water 
from the mountain stream the railway. From Nogal Reservoir 
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the latter, capacity the pipe equal the future daily require- 
ments; from the source supply the reservoir, the pipe has twice 
great capacity, thereby storing surplus water. This section 
miles long, with 6-mile branch line. 

The second, pumping section, extends eastward along the rail- 
Corona summit, which the water-shed line between the Rio Grande 
the west and the Rio Pecos the east. Coyote pumping 
station lifts the water Luna Reservoir and the pumps Mile 171, 
and the latter lift the reservoir Corona summit Mile 
This section 364 miles long. 

The third, gravity section, extends from the reservoir the 
Corona summit the Rio Pecos Mile 272, dropping from eleva- 
tion 4570 ft. miles. The pipe line extends Pastura, 
584 miles from Corona, shown Plate LXX. 

Where the pipe line passes water tank the railway, 4-in. 
branch pipe the bottom the tank and the top, 
the branch pipe its junction with the pipe line. 

There are regulating, relief, blow-off, and air-valves, air- 
chambers, and open stand-pipes the line, too numerous mention 
detail. They are designed keep the wood pipe full, regulate flow, 
prevent accumulation pressure and water-hammer, and remove 
sediment. 

Water Pipe.—A study the profile developed system hydraulic 
grades, pipe diameters, and open stand-pipes limiting the pressure 
130 lb. per sq. in., except miles the pump main between Coyote 
and Corona where the estimated maximum pressure 310 

Investigation justified the assumption that wood pipe under 
pressure 130 lb. would give satisfactory service for years, 
which basis would less expensive than cast iron, and therefore 
was used. Cast iron was considered preferable steel for pressures 
not exceeding 310 account its greater durability. 

Wood spirally-wound, wood-stave pipe, made 
sections from ft. long, with the exterior surface covered with 


heavy coat asphalt, was selected preference unprotected, con- 


tinuous, stave pipe. The diameters were not great require the 
latter. 
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The first miles wood pipe was furnished the Wykoff Wood 
Pipe Company, Elmira, Y., and the Michigan Pipe Company, 
Bay City, Mich., delivered the remaining miles. 

The pipe wound with flat steel bands from gauge and 
from in. wide. The machine winds any desired pitch and 
tension. each end the spiral wind doubled two turns, the second 
lying over the first and developing frictional resistance similar 
that double hitch rope around post. The ends the band 
are held screw nails forged clip, the latter being the better. 
has two three spikes the under side which seat into the stave, 
and two side lugs top which turn down over the band. The latter 
passes twice over the seat the clip, the first turn holding the clip 
the stave, while the second turn held the lugs which are hammered 
down over it. The end the band then turned back over the clip 
and held down staple. 

The staves are double-tongued and grooved and from in. 
thick. The smaller thickness sufficient. The exterior face the 
staves should turned with the axis the pipe and form 
that the band will have perfect contact with the wood. 

The joints are formed turning chamber the 
pipe and tenon the other, both ends are turned true ex- 
terior circle and driven into wood steel sleeve. The chamber and 
tenon were used this work. 

Finally, each piece pipe covered with much hot asphalt 
will carry. 

Steel specifications required bands mild steel, 
Ib. strength,. with elastic limit half great. The winding 
was spaced limit the tension 000 per sq. in. severe water- 
hammer present, the ordinary working stress should materially 
less than the latter, otherwise the spiral bands will stretch enough 
permit the water spurt out between the staves. This was determined 
true ft. 12-in. pipe connecting the Carrizozo Reservoir 
with water column the roundhouse there. pumping tests the 
mills, attempts were made, various times, burst the pipe, but they 
never succeeded. Before the elastic limit was exceeded, the water was 
running out between the staves fast the pump forced in. 
the following day, pipe thus tested would carry the pressure for which 
was designed without leaking. Except for defects the band, pipe 
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this kind will not burst the service for which properly de- 
signed. This true, without exception, the 100000 pieces pipe 
this service. 

There has been some trouble with number the riveted splices 
the banding. Such splice for every spool banding used. 
every case where one these splices has pulled apart, the break was 
the result defective riveting, permitting the rivets pull out. 
has rivet been found sheared off, and even one good rivet 
appears sufficient prevent rupture. The explanation found 
the high frictional resistance between the band and the pipe, which 
distributes the weakness bad splice over several adjacent turns 
the band around the pipe. The band loosens few turns only 
either side parted splice, generally not more than three. 
case has any pipe been removed from the trench, repairs being made 
without interruption the flow water. 

desirable substitute welding for the riveting these splices. 
The trouble not present with the round band, the wrapped splice 
the latter giving practically 100% 

The flat band was chosen for this work because the more 
effectively buried and protected the asphalt, and will not crush 
the soft wood staves under high pressure. The longevity either the 
flat the round steel band dependent primarily effective pro- 
tection against contact with corrosive elements. Wrought iron should 
used for this kind service, and, for the same reason, for many 
other purposes. Engineers and consumers should join some compre- 
hensive and effective plan bring back the old-time production 
high-grade wrought iron. 

Wood staves this pipe are Michigan and 
Canadian white pine. This pine cannot now had clear stuff 
long lengths large quantities; otherwise, unexcelled. 
Douglas fir and yellow pine, coarser and harder woods, have the advan- 
tages clear lumber and long length. Cypress not plentiful, and 
redwood costly. The mill tests did not determine definitely the 
minimum degree seasoning necessary, and press time compelled 
the acceptance some rather green lumber. Service tests not 
show that there any abnormal leakage from pipe made such 
lumber, and could not now distinguished the trench such 
tests. Undoubtedly, however. thorough air seasoning should required. 
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Bored its small size, part the 34-in. pipe was 
bored from the log. This was mistake, for bored pipe has rough 
interior and reduced capacity. The inspection and culling are 
difficult and unsatisfactory, and imperfections readily apparent 
stave frequently escape detection bored pipe. 

Pipe chamber and tenon this pipe all-wood 
joint, in. deep. iron sleeve makes better and stronger joint. 
compensates for any lack initial tension the banding over the 
chamber the wood joint, and secures full advantage the swelling 
the wood. Cast iron better than steel; more rigid, and its 
granulated surface breaks the smoothness the wood surface swell- 
ing against it. One objection thé cast-iron sleeve that cost, but 
adds in. the effective length every section pipe, com- 
pared with the wood joints. the Coast, banded wood-stave 
sleeve used with success. 

preserve the banding from corrosion the wood 
from exterior decay, the pipe thoroughly enveloped refined asphalt 
having flow-point adjusted the prevailing temperature during 
shipment and laying. One grade can used through considerable 
range temperature. This coating endured 2000-mile shipment 
successfully. Each piece was carefully inspected along the trench, and 
any break the coating was’ thoroughly painted with hot asphalt. 
Enough the latter came barrels, with the pipe, from the factory. 

The first miles this pipe has been service for two years. 
Recent inspections show the coating excellent condition and 
the steel underneath bright and clean. some where the 
initial pressure and leaking between the staves the dry pipe were 
great, the escaping air and water lifted the coating into bubbles. 
some points where this lifting was great enough rupture the asphalt, 
and the soil heavily charged with alkali, some corrosion has begun. 

The integrity and impermeability this asphalt coat are quite 
vital constant saturation. This coating protects the entire pipe 
from exterior contact with destructive agencies. With such effective 
exterior protection, constantly full pipe not imperative. 
the exterior protection the wood, this coated pipe has quite 
advantage over continuous stave pipe. 

Each piece pipe goes directly from the winder the asphalt 
rolls, then adjacent saw-dust table, then back the rolls, then 
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the table again, and then the dry finishing rolls the opposite 
end the table. The coating thus consists two layers asphalt 
and two saw-dust. When the pipe leaves the finishing rolls, the 
coat hard and smooth and about thick. This describes the 
coating done Bay City, Mich. 

Elmira, Y., one application asphalt and saw-dust only, 
without finishing dry roll, completed the work; but the band was 
run through bath hot asphalt was wound, thus coating its 
underside also. This initial treatment the band the Wykoff 
pipe necessary because the exterior the stave neither planed 
nor turned circle. The exterior the pipe forms polygon, and 
the band perfect contact only the angles. The theory regard 
the Michigan pipe that the perfect contact the band and the 
wood the true exterior circle excludes air from the under surface 
the metal, and prevents corrosion. Experience appears justify this 
theory. 

Cast-Iron the first pumping plant Coyote, 
Mile 156, and running Mile 166, and again commencing the 
Luna pumps, Mile 171, and extending Mile 179, the minimum 
pressure those portions the pump main more than the 130 
per sq. in. allowed for wood pipe, and the final estimated maximum 
pressures run 310 lb. 

The selection iron pipe for these pressures was, first, between 
steel and and, second, between the lead joint the 
standard bell and spigot pipe and the machined iron joint the 
universal joint pipe. Again, the choice was between lead and 
leadite for the bell and spigot pipe. 

Cast iron was selected because the certainty its long life, and 
the bell and spigot pipe was selected the basis comparative costs 
for pipe laid. The standard lead joint was chosen the result 
tests. This cast-iron pumping main has diameter in. 
throughout. 

Pipe standard bell and spigot pipe urged the 
usual heavy weights selected for municipal service and heavy water- 
hammer. Three pressures, viz., 217, 260, and 304 were used for 
the division pipe weights, which the standard pipe-makers 
specified shell thicknesses 0.82, 0.89, and 0.97 in. Eliminating 
water-hammer and adopting working stress 2400 the thick- 
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nesses are reduced 0.54, 0.65, and 0.76 in. make the latter con- 
form the specifications the New England Water-Works Associa- 
tion, the pipe was cast 0.57, 0.65, and 0.77 in. The reduction cost 
amounts $52 811. 

the provision air-cushions, hereafter described, the writer’s 
anticipation water-hammer the pumping main has been fully 
realized. 

The pipe was manufactured and inspected under the above-men- 
tioned specifications. 

Pipe Joints.—There was question about the reliability the lead 
joint 300 lb. The writer had section 12-in. pipe, with standard 
joints containing lead, laid and tested 500 lb. without sign 
failure leakage. The joints were caulked down in. below the 
face the bell. joints thus made the field, not one has 
blown out failed. few weeped slightly top, and they were 
made permanently tight additional caulking. The present maxi- 
mum pressure 278 These joints are the standard joints specified 
the New England Water-Works Association. should borne 
mind that there water-hammer this line. 700 joints, 
198 000 lb. lead and 3200 oakum were used, 22.76 and 
0.37 lb. per joint. 

Leadite was tested competition with lead, but leaked 100 
and failed under sustained pressure 300 lb. friable material, 
and cannot caulked successfully. Its principal ingredient appears 
sulphur. The failure was slow creeping out the joints. 
melted and poured, but not caulked. has attractive features for 
low pressures and for lines not subject movement heavy jarring. 

Air-Cushions—To prevent water-hammer the pumping main, 
all pumps are provided with large air-chambers. addition, and 
the special feature for absorbing the shock pumping under high 
pressure through pipe miles long, large air-chamber the form 
closed steel cylinder, ft. diameter and ft. long, mounted 
the pumping main outside the pump-house. This cylinder 
set its side, concrete collars, directly over the pipe beneath, 
which connected 12-in. tee, which 12-in. gate-valve 
set. The provided with glass gauge, cocks, was 
designed for working pressure 300 and, each pumping plant, 
has proved entirely air- and water-tight. indicated sensi- 
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tive gauges the pump main, just beyond these large air-chambers, 
the latter absorb all the water-hammer which gets beyond the air- 
chamber the pumps. 

pumping plant provided with four automatic 
air-charging devices, connecting all air-chambers the pumps and 
the air-chamber the pumping main. They are the Nordberg 
type, and have proved very efficient. They are operated only part 
the time; otherwise, they accumulate too much air the chambers. 

Air-Valves.—On the entire line there are 144 automatic air-valves 
made the United States Metal Manufacturing Company, Berwick, 
Pa. They are working satisfactorily. 

Gate-Valves.—In addition the customary gate- and check-valves 
the reservoirs and pumping stations, gate-valves are located 
necessary points and elevations the line control the flow water 
and keep the pipe full, even the extent closing all such valves 
tight and holding the line full without flow. This for the purpose 
delivering through full pipe any desired quantity water less 
than that required keep the open pipe full. This, course, 
account the wood pipe. the differences elevations are very 
great the gravity sections the line, and any one valve might 
inadvertently become closed tight when other valves above would 
open, the bursting the pipe under such conditions prevented 
either pressure relief valve attached and immediately above 
the gate-valve, open stand-pipe erected some suitable eleva- 
tion between the valves. This more clearly shown the profile, 
Plate LXX, the ground line and the grades the pipe 
line. inspection this profile will show that these controlling 
valves are located that, when closed, the pressure against them does 
not rise above the maximum pressure the section above, due the 
hydraulic grade the line when carrying its full capacity. 

Safety prevent rupture the pipe injury the 
pumps, case the pumping mains should become obstructed, 6-in. 
pop safety valve mounted the main just beyond the large air- 
chamber already described. These valves are set release the maxi- 
mum working pressure the pumps when the regular quantity 
water being pumped, and they are piped the adjacent reservoir, 
that there loss from them. 

Check-Valves.—Check-valves are placed the pumping main 
prevent the backward flow water. There one near the pumps, 
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and one the upper end and outside the reservoir into which the 
main discharges. 

Blow-Off Valves.—These valves are located all material valleys 
depressions. 

Stand-Pipes.—Between the gate-valves, certain points where the 
maximum grade not more than ft. above the surface 
the ground, open stand-pipes are erected. the grade line too 
high, relief-valves are used, stated. Also two points, where 
steep grade ends near the ground surface and followed flatter 
grade, stand-pipes are erected. 

These stand-pipes are 6-in. iron pipe standing special cast- 
ing the pipe line and enclosed concrete base. They are, 
course, open the top, and vary height from ft., depend- 
ing the elevation the hydraulic grade. They have given some 
checks the position this grade during the velocity measure- 
ments hereinafter described. Their locations are shown the profile, 
Plate LXX. 

Nogal Reservoir the storage unit the system, 
and the north edge table-land, ft. above the railway, 
the Carrizozo plain, miles away. 114 miles from the head 
the pipe Bonito Creek. 

This reservoir natural basin bowl, mile diameter across 
the top, mile the bottom, and ft. deep. level line, 1500 ft. 
long, drawn from its bottom, comes out grade the north declivity 
the table-land. this level line open cut was made and the out- 
let pipe laid. The cut was then closed dam. 

The supply pipe from Bonito Creek delivers water into the basin 
over the top its southern rim, the water, leaves the pipe, flowing 
over standard weir, without end contractions, into stone gutter. 
by-pass pipe, with suitable valves, passes around the western side the 
basin and connects the outlet pipe. 

This comparatively small amount work equipped very good 
natural reservoir with capacity 422000000 gal., which can 
increased 1000000000 gal. embankments across low places 
the rim. 

Service Coyote, artificial service reservoir, 100 
200 ft. the bottom, with slopes and total depth 
ft., serves equalizer the flow and away from the 
pumps that point. The pump-house built alongside this 
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The delivery from the Nogal Reservoir runs directly the pumps, 
but has tee-branch, ft. long, into the Coyote Reservoir. This 
branch passes through valve chamber between the pump-house and 
the reservoir. this chamber there are controlling valves and 
overflow. This overflow provided against the contingency 
full reservoir and idle pumps. the pipe line delivering water 
faster than the pumps discharge it, the surplus goes into the reservoir. 
This arrangement self-acting and controlling. There similar 
arrangement the Luna pumping plant, also the service 
reservoir, and the regulating reservoir the Corona summit. 

Each the four service reservoirs the same size, and lined 
with in. 1:2:4 Luna and Corona the concrete 
reinforced with round rods spaced in. from center center, 
both ways. This reinforcement should have been used all the work. 

Pumping pumps Coyote and Luna are Nordberg 
duplex, cross-compound, condensing, crank-and-fly-wheel machines, 
with 6-in. plungers, traveling 600 ft. per min. full normal speed, and 
designed work against 300 lb. per sq. in. They have guaranteed 
efficiency 135000000 ft-lb. per 1000 steam 150 Ib. and 
superheated degrees. 

The boilers are 125-h.p., Sterling, water-tube, with Foster super- 
heaters, and 33-in. stacks, 100 ft. high. 

Each plant complete duplicate pump and boiler units, only 
one set working time. 

The pump building substantial brick, and steel 
ture, ft. plan, with fire-wall, with two steel doors dividing 
the floor space into engine-room ft., and 
ft. conerete coal-bin adjoins the exterior boiler-room door. 
Coal delivered directly from the car the bin. 

The plant lighted small, but very complete, engine and 
dynamo one base and run steam from the Sterling boilers. 

The two plants are exactly alike throughout. 

Reservoir Nogal Reservoir basin covered with 
washed down the underlying sandstone few gullies. These 
punctures washes were covered filled with clay from ft. 
deep. During the first season the leakage, above the 6-ft. contour, was 
the rate in. per day. 
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the water fell, due leakage, evaporation, and use, herd 
from 300 400 were worked around the shore line. This 
reduced the leakage in. below ft., and nothing below ft., 
above the outlet. the flow line rises higher each season, the 
puddling will continued the top. The leakage ft. above the 
outlet, ft. above the bottom, still approximately in. per day. 
The total puddling, date, covering two seasons, equivalent 150 
days’ work one cow, and covers area 1500000 sq. ft. 

The clay packed densely, the final hoof marks being not more than 
in. deep and remaining distinct under the water around the shore 
line for one year. Apparently, the reservoir will finally water- 
tight all elevations. 

The soil which the four service reservoirs the railway are 
built proved about the worst for such work. its natural state 
the prairie, after the excavation for the reservoir was completed, 
filtered water the rate ft. per day. Tamping and puddling 
still left filtration in. per day, with tendency increase. 
Enough water filtered through the produce settlement and 
the concrete was water-proofed with two coats 
soap, two alum, and one asphalt. This has made all the reser- 
voirs water-tight. asphalt paint made the Elaterite 
Paint and Manufacturing Company, Des Moines, Iowa, was used 
successfully the Luna Reservoir. This paint applied cold, and 
preliminary tests showed quite efficient. 

The analysis the soil follows: 


Oxides sodium and O47 


Insoluble matter, 64.50 per cent. 
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Pipe-Line measurable leakage from the 
iron pipe. thorough inspection and measurement the end two 
years, leakage the wood pipe, between Coyote and Bonito Creek, 
from the 11- and 12-in. pipe, was found follows: 

8.6 miles, 11-in. pipe, 146 600 gal. per day 046 gal. per mile. 

The pipe this section appears leaking less than the 
12-in. pipe. Inspection and measurement are made 
short time. 

There material leakage from the 10- and 16-in. pipe between 
Bonito Creek and Nogal Reservoir, determined velocity and 
measurements hereafter described. The greatest probable 
error the velocity measurements would not exceed per cent. 
such error existed, and was all charged leakage, would amount 
but gal. per day, 1582 gal. per mile, out daily delivery 
gal.; but the measured discharge the pipe, determined 
the velocity, was 5.84 while the mean maximum volume 
this water over the weir the end the pipe recorded the weir 
5.88 sec-ft. 

From Coyote, east along the railway, the wood pipe remarkably 
tight. The rate leakage from it, determined 600 observations 
uniformly distributed, was follows: 

11-in. pipe 120 gal. per mile per day. 

The maximum rate mile was 1613 gal. The minimum found 
was zero. 

The observations were made uncovering joint and measuring 
the leakage therefrom for min. graduated glass measuring 
drams was used. The rate leakage varied from drops oz. 
min. the joints uncovered 57% was found leaking. 
rather remarkable that, the large leakage the 11- and 12-in. pipe 
between Coyote and Bonito, only one out every eight joints was 
leaking. This indicates physical defect such joints. The largest 
leak found one joint was the rate 280 gal. per day. Leakage 
between through the staves not measurable, not fast enough 
come away drops unless there some imperfection the wood. 

The insignificant leakage 120 gal., stated above, from the 
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pipe the pumping main between Coyote and Corona. The 
present maximum working pressure 100 per sq. in. All 
the figures given above include visible and invisible leakage, the latter 
being such does not appear the surface. The visible leakage 
but small part the total. 

Stopping, the any ordinary leak 
stopped pine wedges. Sometimes loose joint requires individual 
bands bolted around it. Bran saw-dust effective stopping the 
small leaks which cannot reached the wedges. The good effect 
the latter likely destroyed rapid emptying the pipe. 
the water drawn out faster than the air can enter through the air- 
valves, heavy vacuums are formed down long slopes, and the air forces 
its way through the joints and between the staves. The result 
that the pipe will frequently leak badly for some time after re- 
filled, although may have been tight previously. 

full pipe and steady pressure are highly desirable. This doubt- 
less accounts some extent for the extreme tightness the wood pipe 
the pumping main. 

Grade Lines.—The hydraulic grade lines, shown Plate LXX, 
were laid best fitting the controlling elevations. The various 
diameters pipe were determined Darcy’s general formula, with 
0.00033 for wood and 0.00066 for iron pipe, checking 
Kutter’s formula, with 0.01 for wood and 0.012 for iron. 
These coefficients were taken conservative and the safe side, and 
such they proved be. was desired that the line should not 
less than sec-ft. Nogal and half much beyond. 

pipe line from Bonito Creek the Nogal Reser- 
voir affords conditions for velocity and capacity measure- 
ments, there being distribution service from it. Beginning the 
creek, consists ft. 10-in. wood pipe, with hydraulic 
grade 0.03338, followed 48000 ft. 16-in. wood pipe, with 
hydraulic grade 0.0030625, ending the south rim the Nogal 
Reservoir. There open stand-pipe where the two pipes and grades 
join. 

When this section the line was laid, the last car 16-in. pipe 
was late arriving and, was desirable water into the reser- 
voir soon possible, 500 ft. 10-in. pipe were laid the lower 
part the 16-in. line, near the reservoir, indicated Fig. which 


: 
4 
1 
: 


546 RAILROAD WATER SUPPLY Papers. 


shows the hydraulic grades and the pipe diameters this section 
the line. 

When the first two velocity measurements, March 10th and 
1908, described below, were made (after the line had been put into 
service February 20th, 1908), the 500 ft. 10-in. pipe were still 
the 16-in. line, and the hydraulic grade was defined the solid 

When the third measurement, May 12th, 1909, also described 
below, was made, the 10-in. pipe had been replaced 16-in. pipe, and 
the hydraulic grade was defined the solid line, 


7728.00 
7729.00 


Bonito Creek 
Elev. Top Water 


Elev. Top of Pipe 


HYDRAULIC GRADES, 
BONITO NOGAL 
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Elev. Top of Water 7305.00 


Elev. End Pipe 7157.00 
Elev. Top Water 7158.00 


Grade 0.002743 
Nogal Reservoir 


The dotted line, the approximate theoretical position 
which the grade, should have assumed when the 500 ft. 
10-in. pipe were taken out the 16-in. line. the contrary, took 
the position the grade line, 

During the interval between March, 1908, and May, 1909, the water 
came overflow from the stand-pipe when the line was running 
under full pressure, indicating increase capacity the 10-in. 
pipe greater than corresponding increase the 16-in. The align- 
ment the 10-in. line, vertically and horizontally, more regular 
and uniform than the 16-in. line. The latter has many abrupt curves 
and bends, vertically and crosses nine sharp ridges 
and dips under many deep arroyos. This introduces fixed element 


frictional resistance which does not decrease with the increasing 
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smoothness the interior surface wood pipe, and probably accounts 
for the higher resistance the 16-in. line. 

From Fig. appears that, while the 10-in. line had initial 
coefficient roughness slightly greater than 0.009 and now equal it, 
the 16-in. line had one equal first but now slightly less than 0.01. 

The line from Bonito Creek Nogal Reservoir was have 
capacity sec-ft. Referring the profile, was determined that 
for the hydraulic grade 334 ft. per 1000 ft., 10-in. pipe was 
necessary, and that 16-in. pipe was required for the grade ft. per 
1000 ft. 

Test No. 1—On March 10th, 1908, quantity bran was poured 
into the upper end the 10-in. pipe (Fig. 2), and the time 
its appearance the lower end the 16-in. pipe was noted. The 
time was hours and min. 

This gave: 


Area 10-in. pipe 0.5454 sq. ft. 
“ “ 16 — 1.3960 “ “ 
Length“ 13200 ft. 
“ “ 16 — 47 500 “ 
Time, 13800 


Let velocity flow 16-in. pipe, feet per second, 


then 2.56 velocity flow 10-in. pipe, feet per second. 


From which: 


3.805 
and 9.740 


The discharge is: 


For the 16-in. pipe, 1.396 3.805 5.31 cu. ft. per sec.; 
and, for the 10-in. pipe, 0.5454 9.74 


5.31 cu. ft. per sec. 


The question arose whether not the particles bran the 
water traveled fast the water flowed. was also desired 
check observation the relative velocities the two pipes, above 
deduced. 

Test No. determine these points, second test was made, 
March 1908, twenty days after the first one. this test, 
green aniline, red potassium permanganate, and bran were used. 
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observer was placed the end the 10-in. line (Fig. 2), and, 
letting small quantity water run from relief-valve there, 
was able note the time the appearance the colors and the 
bran. 

The green was started the upper end the 10-in. pipe, 
hours and min. 

The red was started 8.45 reached 214 min., but 
was faded that the time its appearance could not noted 
exactly. 

The bran was started 9.00 reached min., and 

From the average these figures, the velocities were: 

the 16-in. pipe, 3.792 ft. per 
“ “ 10 9.695 “ 
and the discharges were: 
the 10-in. pipe, 5.287 cu. ft. per sec. 
“ “ 16 “ “ 5.293 “ “ “ “ 


The application the equation for equalized relative velocities, 
the first test, gives: 


Velocity 16-in. pipe 9.705 
“ “ 10 3.791 


These last figures would check exactly, except for dropping figures 
the fourth decimal place.” 

The results these two tests, considering that days elapsed 
between them, are very close agreement, and establish the fact 
that bran accurate medium measurement. 

Test No. 3—The 500 ft. 10-in. pipe the 16-in. line near the 
reservoir (Fig. were replaced 16-in. pipe the summer 1908. 

May 12th, 1909, green aniline was started through the pipe 


This time min. less than that ob- 
served the tests the previous year, and due the removal 
the 10-in. pipe from the 16-in. line and the increasing smoothness 
the interior surface the pipe. 
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The relative velocities and discharges under the third test, using 
the nomenclature the first and correcting the lengths pipe 
account the removal the 10-in. pipe near the reservoir, are: 
000 12700 
4,188 


and 2.56 10.708 
and the discharges are: 


From the 10-in. pipe 5.840 cu. ft. per sec. 
“ 16 “ “ — 5.839 “ 


May 12th, 1909, the 10-in. line was working 
grade 0.03338, and, with 0.009, should have been 131. 
was actually 138, making 0.00866. The 16-in. line was working 
grade 0.0030625, and, with 0.009, should have been 145. 
was actually 141, making 0.0092. 

Referring the estimated hydraulic grade between Coyote and 
Corona (Plate LXX), the coefficients, 0.01 and 0.012, were used for 
wood and iron, respectively, which basis, the maximum pressure 
Coyote was expected 304 and, Luna, 310 Ib. per sq. in. 
The actual maximum Coyote, with pumps full normal speed, was 
270 and, Luna, 278 indicating that the values the co- 
efficients taken were too high. This checks with the tests between 
Bonito and Nogal. 

course, the iron pipe will increase roughness, and, time 
the pumping pressure will approach the calculated amount. The 
interior the iron pipe now has smooth coat asphalt. 

Pipe breakage damage the wood pipe ship- 
ment the ends, the tenons being most exposed injury 
from shifting the The damage due the shipment and 
handling the Elmira pipe was and one-half much for the Bay 
City pipe. than pieces out 100000 laid, have had 
removed from the trench. 

The iron pipe came from Chattanooga, and was badly handled 
transit. Much was transferred route, and was broken when 
received. The breaks were generally cracks the spigot end. this 
broken pipe, practically all was cut and laid. The average cut was 
about in. from the spigot end 533 pieces. This cut pipe has 
caused trouble the trench. 
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least pieces cracked pipe got past the field inspectors and 
into the trench. This cracked pipe began blowing out pressure 
and continued until the full normal pumping pressure was 
reached, when the breaks suddenly ceased. These pipes were broken 
out the rate per day, with occasional day between breaks. 
24-hour work-train service was maintained. The pipe gang soon 
became skilled, and could put new section pipe from 
hours. Each break generally caused interruption about hours 
the pumps the section where The best record was 
hours and min. from the stopping the starting the pumps. 
This strenuous life lasted days. Most these breaks were 
near the middle the pipe. the field inspectors were not 
expecting cracks that locality. inspection usually indicated that 
the pipe had been struck the bell another one the vicinity 
the break. 

All pipes were lifted from the carefully and laid down the 
trench along the track single movement logging crane, and 
were not broken such handling. 

Three breaks only have been reported due defective metal 
break sound shell full thickness has been found. 

frosts are unknown this section. The pipe 
was laid that the top was about ft. below the surface the ground. 
The trenching was simple matter. Part the work between Bonito 
and the railway the Carrizozo plain was done Buckeye ditchers. 
All other ditching was done railroad plow followed pick and 
shovel, the last two tools only. The ditcher could open 000 ft. 
trench per day, but averaged about 500. The plow and men could 
open 3500 ft. chain about ft. long separated the end the plow 
beam and the double tree. this way the trench was plowed the 
bottom. Two mules, two men, and scraper could back-fill ft. 
per day. 

Pipe Bonito and the railway, one gang ten 
men could lay 4000 ft. 12-in. pipe per day. The average was much 
less, owing variety causes. the end, the railway company 
added the contractor’s force, and laid the last miles pipe 
days, there being half dozen separate gangs work. 

Along the railway, the day’s record wood pipe was 4000 ft. 
11-in., 6200 ft. 74-in. and ft. 34-in. pipe laid gang 
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eight men after the pipe was distributed along the trench. These 
eight men, whom five were Americans, laid miles pipe, and 
became expert. Their operation was like the working clock. 

the 12-in. iron pipe, the regular day’s work was joints, 
1152 ft. pipe laid and caulked. The record was 1644 ft. Two 
gangs laid 101 300 lin. ft. days. Such gang consisted fore- 
man, inspector, caulkers, yarners, melter, pourer, helper, and 
men putting pipe into the trench. 

Cost pipe from Bonito the railway was laid con- 
The price was cents per lin. ft. laid and back-filled from the 
railway the Nogal Reservoir, and cents from Nogal Bonito. 
addition, cents per ton per mile was paid for hauling pipe, and 
extra compensation for setting valves. From Coyote, east along the 
railway, the work was done the railway company under the writer’s 
direction. 

The total cost laying ft. wood pipe, from in. 
diameter, was $18 156.77, 4.72 cents per ft., divided follows: 


This includes unloading from the cars. Train service cost cent 
per ft. additional. 

The pipe gang, including back-filling, consisted foreman, 
$100 per month, one assistant foreman $75, and about Mexicans 
per day. The rates were the same the ditching gang. The 
plow team cost per day. 

Including all general expense, the cost does not exceed cents 
per lin. ft. 

The cost laying 101 300 ft. 12-in. cast-iron pipe was $23 826.67, 
23.5 cents per ft., divided follows: 


0.0110 
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This includes train service and unloading pipe, but nothing for 
The foreman and inspector received $100 per month, the 
caulkers, $3; pourer, $3; melter, pipe-men, $2, and laborers, 
per day. caulkers wanted per day. Carpenters, 
blacksmiths, and boiler-makers made good caulkers; their work 
standing perfectly under 275-lb. service. 


The cost .the pumping plants complete per horse-power 
follows: 


The approximate cost per million gallons storage 
follows: 


Nogal Storage $103.00 


cover general expense, should added all the costs above 
given. The per foot pipe-laying include the setting all 
specials, valves, and stand-pipes. The difference cost 11-in. 
and 34-in. wood pipe not nearly great the difference diameter 
the total quantity laid days. While the record ft. 
and 345 ft., the miles pipe all diameters were laid total 
time, all delays, 223 days, average only ft. 
per day. The cost the 11-in. pipe covered cents per ft. The 
pipe was laid single gang fast was received from the 
factory. 

The reduction from in. Mile 230 (Plate LXX) 
account delivering water the Santa Fé’s new transcontinental 
low-grade line which the Paso and Southwestern Railway 
Vaughn, and has division point there. its adjacent divisions, 
the Santa had the same trouble with waters which compelled 
the Paso and Southwestern find better supply. The Bonito 


water conducted and used points 160 miles from its origin 
Bonito Creek. 
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PRECARIOUS EXPEDIENTS ENGINEERING 
PRACTICE. 
Discussion.* 


Am. Soc. (by letter).—The writer has read 
Mr. Hawkesworth’s paper with much interest and sympathy, and has 
been especially struck with the paragraph concerning the duties 
“Inspector.” The author has “put his the button” 
great conflict between contractors and owners, referees. 
rule, contractors, their working representatives, are older, 
and much more experienced dealings with others, than the best 
inspectors. When inspector becomes the equal working super- 
intendents along these lines, seldom remains inspector long. 
If, therefore, inspector, incapable lack experience and ma- 
turity judgment, given authority and placed position 
bind hamper the decisions the referee named the contract, 
the result may unfortunate disastrous. Unscrupulous contract- 
ors undoubtedly exist, who not fail take advantage such 
situation. The writer regrets that many contractors seem re- 
gard the obligations placed them their contracts not manda- 
tory and not matters lived spirit because the agree- 
ment that they shall fully carried out. Many contractors, the 
contrary, seem: regard the specifications under which they agree 
work merely statements the things which the owner 
referee will try accomplish; that the duty the referee en- 


This discussion (of the paver John Assoc. Am. Soc. E., printed 
Proceedings for January, presented the meeting February 16th, 1910), 
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force them can; and the privilege the contractor evade 
many them and far wishes. place young, perhaps 
inexperienced, party position decide the many points that may 
raised experienced superintendent foreman almost 
sure prevent the owner, who pays for work done according the 
specifications, from getting what pays for, which entitled, 
and which the moral obligation the contractor alone should compel 
the latter deliver. The writer can recall numerous instances where, 
the inspector’s authority was not clearly limited the contract, 
the contractor claimed that the referee and owner were estopped from 
finally securing the kind work the owner was clearly entitled 
and the contractor had agreed give him, and had named his price 
for giving him, because the inspector had “accepted” the inferior 
work had failed “condemn” it. 

The writer believes far fairer and better every way, in- 
cluding all considerations justice the contractor and other 
bidders, provide, suggested the author, that inspector shall 
simply report the facts, and that the decisions shall left the 
owner the experienced referee specified. Some greater delay may 
securing final decisions under the latter method, but the de- 
cisions will undoubtedly more just the average, and, except 
those cases where questions are raised for the purpose evasion 
for making difficulty, when delay the decision may justified, they 
will more accord with the spirit the contract. the work 
the writer, the following clauses are contained the specifications: 


“An Inspector employed the Commission may stationed the 
work under the contract the Chief Engineer report whenever the 
Contractor appears fail carrying out the terms the contract 
specifications any particular. Any advice which Inspector 
may give the Contractor shall wise construed binding 
the Chief Engineer any way nor releasing the Contractor from the 
proper fulfillment the terms the contract determined the 
Chief Engineer. Inspector shall perform such other duties the 
Engineer may indicate. The Inspector shall case act fore- 
man for the Contractor nor interfere with the management the 
work the latter. 

“The amount work done the Contractor shall measured 
the Engineer. that character work which would require for 
its measurement detailed tally the materials delivered the 
work, tally shall kept the Inspector who shall the end 
each day compare his tally with that the Contractor foreman 
charge. The Inspector shall send daily his tally, with the Contractor’s 
his foreman’s signature, the Engineer. Should there dis- 
pute between the Inspector and the Contractor the amounts 
any particular instance, the Contractor must immediately 
account the Engineer. tally materials delivered, other 
than that the Inspector, received the Engineer within five 
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days after the receipt the Inspector’s tally, the Engineer’s estimate 
may based upon the reports made the Inspector, whether 
not these reports are signed the Contractor his foreman, and 
they may the basis payment the Contractor. Whenever any 
differences exist, the decision the Engineer shall final and bind- 
ing upon both the parties the contract.” 

Complaints delay account the lack authority the 
inspector, especially where the latter has been young inexperienced, 
have been received from contractors who, was evident the chief 
engineer from the general conduct their work and personal atti- 
tude, were ignorant, incompetent, least not trying fully live 
their moral obligations; but serious complaints from efficient 
and conscientious contractors have not reached the writer. the 
contrary, the methods his office seem approved those 
whose approval valuable. 


Asso. Am. Soc. (by letter).—This paper 
plea for the maintenance high professional standard among 
engineers, not only the product turned out, but also the 
manner which the materials are collected for design some 
magnitude and having variety detail several distinct branches 
engineering, thorough knowledge all the subjects con- 
sidered being rarely available any one office. The ends desired 
all engineers are: carry out work such way that the result 
excellent, not only because economical and safe and gives good 
return for the money invested the owner, but also because the 
means used all times achieve such ends are just all concerned, 
both planning and building the work, having clear drawings, 
specifications which are concise and without equal 
opportunity for all bidders, and favoritism none. This paper, which 
calls attention abuses, more less apparent, and suggests means 
for opposing them, very timely, and will benefit the Profession, and 
therefore the measures advocates should supported. 

There hardly piece work the perfect execution which does 
not involve many specialties, from two three perhaps dozen. 
This necessarily so, the tremendous strides with which the engi- 
neering arts and sciences have advanced during the last years have 
enabled business men place the market almost endless variety 
appliances and materials, all produced special knowledge and 
careful study economy and utility. What man, then, after attending 
his own special work, that is, work which pre-eminently 
trained, say sanitary, electrical, hydraulic, structural, railroad 
engineer, not mention all the other specialties, and, rule, finding 
that takes all his time keep abreast with the developments his 
own line, can also pass all the specialties other lines, admitting 
that has good judgment and hard worker? Clearly, can 
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not, but must call his assistance men who are specially trained 
other lines which they have made their life study. The difficulty then 
becomes apparent: has not enough money allotted pay for all 
this special knowledge, and, unless has plenty time study the 
matter himself, has accept free advice from the men who sell 
these various articles. Free advice, however, not free the owner, 
the laws compensation hold good here elsewhere, and while 
there can proper objection because the owner pays for the advice, 
yet has the disadvantage that stifles fair competition giving 
the favored free adviser special privileges thorough knowledge 
the plans introducing special articles, which there may 
several varieties, but his own specified. Clearly, the interest 
the owner pay specialist for his unbiased advice; for 
must pay for advice, and why not pay man whose sole object the 
safety and economy the work which consulted, and who 
has special device his own sell? 

The engineer’s object carry out works for the welfare and 
convenience man safe and economical way; other words, the 
engineer makes improvements possible his knowledge the applied 
sciences, and his sole duty plan his special work such way that 
attention paid locality, permanence work, future requirements, 
present resources, and other matters. The Mr. Hawkes- 
worth terms the engineer architect-in-chief—will then give fair 
chance all bidders, having the features with which ac- 
quainted only general way planned engineer specialist; 
for the specialist, without confining himself one two things, can 
indicate clearly all bidders what wanted, and being judge the 
excellences all, gives the freest scope fair competition. 
granted that the manufacturers and general contractors have just 
able engineers their service; but, the same time, the manu- 
facturers are bound look after their own “future requirements, 
resources, 

Mr. Hawkesworth has suggested many ways which the interests 
the Profession may safeguarded and mistakes the conduct 
business avoided, thus making for the maintenance high standards. 
Little can added regard the methods advocated, but seems 
pertinent say that, carry work along such lines, giving the 
best everything, can possible only when owners understand the 
benefits accruing them paying enough for professional services 
that skill employed. appears, therefore, the duty 
all engineers try and get work, not simply stating how cheaply 
their services had, but showing how cheaply work can 
earried out when they are paid well enough give attention all 
details; this would sort campaign education, bound 
beneficial both engineers and owners. 
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engineer who has the good fortune carry out his work the 
highest professional lines will gain still more good fortune the 
years roll by, manages alive when his well-earned reputa- 
tion becomes firmly established, bound become, sooner 
later; for painstaking care all details, however small, will enlarge 
his knowledge and ripen his judgment, and, although man can 
plan work free from mishaps some kind other, 
his duty take all precautions. Probably the best way for engineers 
get line for high class work learn all they possibly can 
about their specialty, and enough about other lines to, pick out the men 
who can assist them most efficiently, and let them their end the 
work. Even engineers are, financially, immediate losers, due 
insufficient funds, the results such co-operation must produce the 
best returns, and will eventually gain for engineer the reputation 
being reliable and man who takes enough pride his work 


the Engineering Profession are certainly due Mr. Hawkesworth for 


his timely paper. There far too little attention paid the ethical 
and moral standards the Profession papers and discussions 
published the Society, they usually deal with physical facts and 
methods work, things done and the mechanical tools for doing 
them, forgetting the human elements which are the most important 
all. 

The engineer, the different lines which works, sustains 
important relations, and vested with great responsibilities which 
involve far more than technical skill. engineer charge, 
“designer,” represents the business interest the owner, and 
the same time given supreme power arbitrator between the owner 
and the contractor, engineer for the contractor, 
has difficult negotiations with the owner his engineer, 
see that the work done right and accordance with the require- 
ments, and get profit out the job. Each engineer, and, smaller 
extent, each subordinate, has organization maintain, the effi- 
ciency which depends largely the loyalty, confidence, and co- 
operation able secure among his men. Success depends 
more the personality, vigor, fairness, and honesty the engineer 
than anything else, and still technical societies are doing almost 
nothing direct encourage growth along these lines; 


and engi- 
neering business methods are doing quite the reverse. engineer 


does not happen born with these qualities fully developed, 
has hard time getting any assistance developing them. Nearly 
all methods are based the idea that good morals cannot 
taught schools, and the young man expected get this part 
his education church, where very apt get only the husks 
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ethics morality, with ideas applying them, the 
home, where the faults the present generation are perpetuated. The 
natural result that most young men get moral education all, 
and are thrown into business conditions which they not fully un- 
derstand, and with real conception right and wrong. things 
look little queer them, they just excuse them under the old motto 
that “Business which, means anything, means that 
any methods are right which bring money into your pocket the 
pocket your employer. men are not hopelessly corrupted the 
start, they drift around without any adequate moral standards—unless 
they are fortunate get their moorings somewhere—and build 
system ethics which satisfies their requirements. wonder, 
therefore, that many them wrong professionally, not engag- 
ing acts which are criminal under the law, but acts, such 
those mentioned the author, which simply show the lack proper 
ethical standard the strength live it. 

The author has mentioned only few the things which are be- 
ing done every day, both “designers” and contractors. “de- 
signer” owner will often get detailed plan some part the 
work from contractor, cut off the name, and submit other 
contractors for bids. contractor will frequently make use his 
opportunities, when called into consultation the “designer,” 
“load up” the work that able underbid all competitors, 
and then, the author states, cleverly “unload” again offsetting 
one change against another, make good profit, and perhaps 
most excellent piece work where another contractor might have 
lost money. 

These are rather flagrant but none the less common examples. 
Going step farther: How many engineers, and how many con- 
tractors, their work though were their own and they were 
doing for themselves? How often one hears the question: 
pays for this? lump sum unit price? have pay for 
it, leave out; the other fellow pays for it, put in.” 
many times does the “designer” refuse allow make de- 
sirable change his plans for fear the contractor will make little 
more money. How often does the contractor fail call attention 
changes modifications methods plans, which might benefit 
the owner the work, because his own interest might suffer thereby. 
all the way down the line, until one cannot help wondering 
what really the matter. The author suggests certain remedies, 
many which are excellent and all which show the right spirit, 
but here one runs against economic law. The owner paying 
the bills and does not see why should pay for many kinds 
expert advice when much the best expert talent already 
the service the contractors manufacturers, and necessarily so, 
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because their very life manufacturers contractors depends 
such talent. great deal special consultation usually means 
duplication effort and expense, and economic loss. the con- 
sulting specialist should ever take full control all departments 
designing, the writer believes that there would swift deterioration 
productive efficiency and ultimately engineering merit. The 
place for the expert specialist near his tools. 

The writer afraid, therefore, that the author’s actual remedies 
are directed more toward the symptoms than the real disease. But 
what the real disease? Partly commercialism, the wish get 
something for nothing, but principally, seems the writer, the 
that the immediate interests all the various parties con- 
work—owner, “designer,” contractor, and sub-contractor—are 
necessarily and absolutely variance. 

The immediate self-interest the owner, before the work let, 
obtain the lowest possible prices every means his power, 
and after the work let, get much can out the con- 
tractor. The immediate self-interest the “designer” frequently 
make the work cost much possible, and slight all can. 
The immediate self-interest the contractor before the work let, 
underbid his competitors, and after the award, get out 
best can. state war which each party has many 
weapons, and neither can blamed very much for using them. 
not much worse for the contractors pool job than for the owner 
“designer” play one bidder against another. Both are strata- 
gems war, and the only marvel that things are worse. 
honest contractor and fair and broad-minded engineer are both 
entitled the very highest credit, for they can only developed, 
under the present system, forgetting immediate self-interest and 
looking forward the ultimate reward true honesty. 

start with adequate moral training, practically nothing 
done the professional societies, and engineering business methods 
are such put premium self-seeking cleverness, and not 
honesty and real manhood. 

The writer realizes that business conditions are matters gradual 
development. Engineers could not change their methods suddenly 
they would, they saw clearly the way change them, but they 
can take step once while the direction better conditions, 
and gradually improve them. the writer’s conviction that 
conditions never can good until the interests all parties con- 
nected with engineering work, from owner and “designer” con- 
tractor, are all directed the same end, and that end, the excellence 
and true economy the work. The thing that blocks the path 
improvement the method contracting for engineering work 
price competition. 
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Anyone familiar with contract work knows that tremendous 
price paid, shoddy work, inefficiency, and moral diseases, for 
competition, and yet are told that sacred thing, and that 
absolute freedom competition necessary progress. The writer 
freely confesses that heretic. the first place there never 
has been, and never will be, free and perfect competition. the 
second place, has already become necessary substitute “regula- 
tion” for competition among the railroads, and soon will neces- 
sary the same thing with the trusts. perfectly true that, 
the past, much progress has come through competition. the 
same way, much progress has come through savage warfare, but 
does not follow that price competition necessary beneficial to- 
day any more than follows that should throw away our govern- 
ment regulation, arbitrations, and courts law, and back 
settling our disputes with our fists our battle-axes. 

course, something will have take its place. Most men still 
need great incentive put forth their best efforts; but why not 
devise some method securing “competition excellence,” in- 
stead And such method can devised. The “fee basis,” 
modified perhaps that profits below losses above the estimated 
cost are shared certain proportions, seems offer hint the true 
method, The contractor assured reasonable profit, and also 
benefited economy operation. The interests all parties are 
near those the owner possible make them. The 
owner gets the benefit the contractor’s experience and equipment. 
The contractor has depend his reputation for honesty and effi- 
cient work, instead low bid, for getting his contracts, and, still 
more important, all parties can co-operate, after the contract let, 
obtain the best results for the benefit all. Anyone who has 
done work fairly and honestly under this method will bear testimony 
the way which the difficulties, misunderstandings, and “danger- 
ous expedients” vanish like mist before the sun. The expert 
engineer the contractor has recognized standing court. The 
“designer” free devote himself the larger elements and rela- 
tions the work, and avail himself the full value the expert 
services the contractor manufacturer, and the contractors will 
selected because they are the best their lines, and not because 
one happens leave out enough his estimate make him low 
bidder. 

course, this Utopian. will require great changes busi- 
ness methods, and the cutting away much dead timber. 
will require higher moral standards, but will breed them turn, 
and the writer will satisfied has only 
attention the problem, the hope that our thoughts and efforts 
may help future generations outgrow some our present trouble, 
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tural works, but the character and manhood the profession and 
the race. 


and build wisely and well, not only their engineering and architec- 


this paper the writer thought that was one more the numerous 
for the contractor and praise for the zealous efforts the 
designer remedy the evils existing the business the designer, 
owner, and contractor, but careful reading has satisfied him that 
there one designer who able give unbiased opinion the 
conditions existing, his particular sphere, between designer, owner, 
and contractor. 

The author undoubtedly revealing truths derived from personal 
experience. Evidently, does not belong that class designers 
who assign all the evils existing the contracting business the 
contractor, and give all the credit for efforts remedy the same 
the engineer. 

Although the author has covered the particular field action which 
has mind with and satisfaction both his profession and 
the contractor, yet the writer feels that not entirely out place 
refer other actions between designers, owners, and contractors, 
not mentioned the paper. refers more particularly actions 
between designers contractors which, ethically, would term 
“dishonest honesty.” 

Competent designers know that all valuable experiences, the 
costs any new design, ete., are luxuries which are expensive time 
and money. such designers are wise, they save the necessary time 
and money for these experiences taking into their confidence some 
honest and competent contractor. Seldom does the contractor hesitate 
drop all and give his best advice the designer, even when his 
running expenses are such that time money him. 

There are many contractors giving such advice, who, way, 
would designer for any personal interests, and would not 
wish place any designer position feel that was under 
obligations. that such contractor would expect would equal 
chance, the same plane other contractors, when the time came 
take estimates and award contracts. The interchange knowledge 
between the honest designer and the honest contractor would seem 
warrant mutual condition confidence, whereby the contractor 
deserves the same consideration given other parties who have 
not assisted freely making the engineer’s the architect’s plans 
practical. However, peculiar condition sometimes exists among 
designers and contractors, whereby, after the contractor, the sug- 
gestion the designer, has done all that was possible, the latter seems 
think his professional duty either forget him entirely place 
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him disadvantage. The feeling the part the designer seems 
that some one may suspect him being too friendly with the 
contractor. such contractor should unfortunate beat 
all comers, however much they forgot include, and obtain the con- 
tract, then the appreciating designer becomes worried, and studies 
how can prove the owner that working solely for him. 

The designer every turn stands the blanket clauses his con- 
tract, which state that “everything necessary, whether shown speci- 
fied, shall furnished without extra cost.” This intended cover 
his many oversights. 

When there any doubt the plans and specifications covering 
extra work, and the owner convinced that should indebted 
the contractor, then the designer intervenes, and advises the owner that 
can just well have for nothing. one kind cement one 
form patented device will serve well another, and the con- 
tractor being held for large bonus, the designer asserts his 
authority, and demands that there shall variation. shows the 
owner from time time how pays him have “honest designer,” 
and how much has obtained from the contractor for nothing. 
never occurs him that the cost the next work designs will 
increased every one who knows him. 

Another designer, whose character differs slightly from that the 
foregoing, the one who feels himself weak that imagines 
will make him appear strong persecute his best friends and grant 
favors his enemies. this way seems think can establish 
the fact that very fair. 

Characters these types are quite common among “highly edu- 
professional designers and those who want people think they 
are highly educated. The writer mentions these classes, and places 
them the list “dishonest honest” designers, not from personal 
impressions, but because they seem stand their own light, and 
should considered when making code ethics between the 
designer, the owner, and the contractor. 


Assoc. Am. Soc. (by letter).—It has often 
been said engineers that they are interested the technicalities 
their profession, and absorbed the requirements the 
immediate work hand, that they have neither the time nor the 
inclination consider the broader ideas life, those general ques- 
tions that link the Profession the rest mankind. This fact 
typically exemplified the opening paragraph this paper, wherein 
the author thinks necessary practically apologize for presenting 
non-technical paper. The Society should weleome such contribu- 
tions its literature, and would the advantage the Profes- 
sion, and would broaden the understanding between and the general 
public, more papers this class were presented. 
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Mr. Hawkesworth has done well attention certain ques- 
tionable practices some engineers. course, there natural 
tendency keep “mum” such subject, but the time has come when 
the duty, not only the engineer, but everyone, expose 
any form shape. Unfortunately, are living age 
criminal. the other hand, man issues the public so-called 
“securities” that represent nothing, and, further, makes way with the 
entire funds banks borrowing such “securities,” 
plauded financier. Perhaps the majority people not realize 
what extent “graft” (which only another word for “dis- 
honesty”) has developed some classes engineering enterprises, 
and the following occurrences, which have been brought the writer’s 
attention, may interest. this discussion the term, “designer,” 
will used the same sense the paper. 

certain job involving the use some 4800 tons structural 
steel, the contract was let steel contractor without calling for bids 
and with the understanding that the contractor was prepare the 
general and detailed plans, which work was supervised, and the 
drawings finally checked and approved, the “designer.” The reason 
for this method procedure developed later, when was found that 
several directors the purchaser’s company were also the board 
the steel contractor. The “designer’s” chief assistant engineer, 
young man, warned him, before the contract was let, that, was 
pound-price basis, fraud was likely creep in, there 
might unnecessary increase the weight the structure. 
was told the “designer,” man much older and more experienced 
than himself, that such concern this contractor would not stoop 
any such practices. 

the work progressed, the “designer’s” assistant repeatedly had 
the attention his superior places the design 
where totally unnecessary material was being introduced. The “de- 
signer,” influenced perhaps the knowledge the similarity 
directorship, did not take any radical action, spite several stormy 
interviews with the contractor’s engineers. The final result was that 
this steelwork cost, round numbers, $50 000 more than should. 

Another incident, which concerns architect, shows, inference, 
what may done. Three firms, one which will called the 
“favored contractor,” were asked bid certain job. When the 
bids first came in, that the “favored contractor” was found the 
highest. All the bids were rejected, some minor alterations the 
plans were made, and new bids were for. Again the “favored 
contractor’s” bid was the highest. The same process was repeated, 
and, the third attempt, the bid the “favored contractor” was just 
$50 less than that the next lowest bidder. course, one can 
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say that there was collusion between the “designer” and the con- 
tractor, short direct confession from one the other, but the facts 
they are known are submitted for consideration. 

One more illustration, concerning general contractor: this 
case, also, there were said some the same directors the 
boards the purchaser and the contractor, and was also said that 
the same banking house was financing both enterprises, but this 
there proof. The contractor question was brought the 
attention the “designer” after bids had been received and the con- 
tract was about closed. Needless say, this contractor obtained 
the job, what means not known, will given the benefit 
the doubt, and will taken for granted that was honestly 
the lowest bidder. 

the work progressed, was found that inferior materials and 
inferior workmanship were being put into the job. The inspectors 
made report after report this effect, the division engineer, who had 
charge this work, stormed and protested, and the “designer’s” 
assistant wrote report after report his chief, setting forth detail 
wherein the work was not the plans specifications. the 
meantime the contractor went calmly the “even tenor his way,” 
secure the knowledge that held “the cold end the and 
proved, for spite united action the part all the sub- 
ordinate engineers connected with this work, nothing was ever done. 
And further, the time drew near for the final settlement this 
contract, every subordinate engineer, both the pur- 
chaser’s side and the contractor’s side, who had been the job 
from the first, and who knew where details had been omitted and 
where credits were due, was dismissed one pretext another, 
that when the work was finally finished, not one the original engi- 
neers, except the was the job. Shortly after, and before 
the final payment, even the “designer” thought expedient take 
extended trip Europe, leaving the matter settlement the hands 
those totally ignorant the details and progress the work. 

closing, the writer may state that perhaps has been his fate 
have more these matters brought his attention than falls the 
lot most engineers, and hopes that this so. Tennyson has said: 


“There lie two ways every end, 
better and worse.” 


The writer trusts that, time goes on, will found that engi- 


neers have always, without exception, followed the first these two 
roads. 
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Ennis, (by Taggart has rendered 


real service reducing quantitative form the various assump- 
tions which engineers have had make designing pipe lines or- 
der provide for expansion. There question the benefit, 
some cases, merely treating long transmission line sug- 
gested Fig. 27; but this seems clumsy expedient best, 
resorted only means getting around difficulty quickly 
and cheaply. The use cold strain erection has been thoroughly 
tried out the fitters, and always with success; cannot too 
strongly insisted that all piping should erected this way. 

writer does not follow Mr. Taggart’s apparent condemnation 
the bend expedient for expansion resistance, having sup- 
posed that its ordinarily least, gives susceptibility 
flexure greater than that the straight pipe with elbows. Certainly 
there less likelihood leakage the end joints when bends are 
used. this not due greater flexibility, what grounds 
explained 

Both cold straining and expansion strains have important rela- 
tion flange pressure. The ordinary pipe flange, with continuous 
face, has contact pressure due bolting only slightly excess 
that necessary hold against high strain pressures. Unless the 
question anchorage carefully worked out, cases sometimes arise 
which the cold strain the expansion may compel flange leak. 


This discussion (of the paper Ralph Taggart, Assoc. Am. Soc. E., printed 
Proceedings for February, 1910, and not presented any meeting), printed Proceedings 
order that the views expressed may brought before all members for further dis- 
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THE EFFECT ALKALI CONCRETE. 
Discussion.* 


AND 


Hart. Portland cement was brought the writer’s attention August, 1908, 
the discovery the deterioration some cement drain tile which 
had been placed field, Sevier County, Utah, during February 
that year. 

The tile were well made and well seasoned, and good condition 
when placed the ground. Utah Portland cement was used, one part 
cement being gauged with five parts aggregate sand and 
small gravel. The tile were stored shed and kept damp for two 
months previous laying. 

After five months, the tile were advanced stage decom- 
position, and was possible hole through their walls with 
ordinary pocket knife; pieces the tile could crumbled the 
hands. The material was saturated, and had the appearance and con- 
sistency fresh lime mortar, except the very surface, where there 
was greater percentage cement. 

The water flowing from the drain was highly impregnated with 
the salts various alkalies, and this fact seemed offer possible 
explanation the deterioration. very little information was 
had, that time, concerning the destructive influence alkalies, 
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was decided make some laboratory experiments determine which 
the alkaline salts was doing the damage, and, possible, devise 
methods preventing it. The chief salts interest drainage 
investigations are the chlorides, carbonates, and sulphates sodium, 
and was with solutions these that the experiments were made. 

The experiments were conducted the Mechanical Laboratory 
the University Utah, and the methods proposed the Special Com- 
mittee Uniform Tests Cement, the American Society Civil 
Engineers, were generally used. All the equipment was standard 
type, and the best materials were used (standard Ottawa sand the 
sand briquette tests). 

Several series tests were run, and each final result shows the 
average obtained from five separate experiments. 

The first series was determination the setting pats 
neat cement gauged with solutions the three sodium salts, 
chloride, carbonate, and sulphate, each four different strengths, 
0.1%, 1.0%, 5.0%, and 10.0%, and with tap-water. 

Test (shown Table shows the results this series. Very 
little effect the period set made the addition sodium 
chloride, except the case the 10.0% solution. The results, the 
case sodium carbonate, however, are very marked, both the initial 
and final sets being delayed those pats gauged with 0.1% solution, 
while the stronger solutions cause remarkable expedition. Special 
attention called the period initial set Pat which was 
min., against hours and min. for the water-gauged pat. 
Careful examination showed that the set was genuine, and not merely 
erystallized surface film. This rapid set, instead resulting 
weakening the cement, has the contrary effect, remarkable 
degree. 

The second series determination the tensional strength 
neat-cement briquettes, gauged with solutions chloride, carbonate, 
and sulphate sodium, strengths 0.1%, 1.0%, 5.0%, and 10.0%, 
and with water, and then stored water for various periods time. 
The results are shown Table 

Test shows that the end hours the presence chloride 
and carbonate causes increase the tensional strength, which 
not true the sulphate, except the case the 10.0% solution. 

Tests IV, and the changes show less definition, but 
seems, general, that the water-gauged briquettes are little stronger 
than those gauged with alkaline solutions, except the case the 
stronger sulphate mixtures. one two instances, the 1.0% solutions 
chloride and carbonate give higher results. 

the third series experiments some remarkable phenomena 
are encountered. This series determination the tensional 
strength neat cement briquettes, gauged with water, and stored 
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Test I.—Periods set variously 
gauged pats, setting air. 


First SERIES. 


cement 


Initial set. 


Hours. 


Minutes. 
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Hart. 


Test II.*—Tensional 


strength, neat 


air under damp 
cloths. 


No. 
312 
343 
414 
492 
283 
442 
421 
205 
235 
251 
328 
241 


riquettes, 
setting hours 


strength, neat 
cement briquettes, 
setting hours 
air, under damp 
cloths, then stored 
days water. 


Sample 
No. 


TABLE SET PATS CEMENT; AND TENSIONAL STRENGTH VARIOUSLY GAUGED 
NEAT CEMENT BRIQUETTES. 


SECOND SERIES. 


strength, neat 
cement briquettes, 
setting hours 
air, under damp 
cloths, then stored 
days water. 


cement 


strength, neat 
riquettes, 
setting hours 
air, under damp 
cloths, then stored 
days water. 


Sample 


No. 


3MM 


Load. 


Mean results five experiments. 
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solutions chloride, carbonate, and sulphate sodium, strengths mr. 


0.1%, 1.0%, 5.0%, and 10.0%, and water, for various periods 


time. The results are shown Table 

The results Test indicate increase tensional strength, 
with increase solution strength 10.0%, when there 
falling off. 

The same shown Test VII for days, except the case 
the sulphates, which the 10.0% solution gives the highest ten- 
sional strength. 

Test VIII shows less uniformity results, but the enormous 
strength the briquettes stored the stronger sulphate solutions 
should noted. Some the briquettes resisted tension 1400 
per sq. in. 

far, particularly harmful results had from the 
presence alkali, but the fourth series, which sand briquettes 
were used, the effect was marked. this series, one part cement 
was mixed with two parts standard (Ottawa) sand and gauged with 
water and then stored solutions sodium chloride, carbonate, and 
sulphate. Only one test has been run this series, which covers 
days. The results are shown Table 

Test the results are not uniform the case neat 
cement briquettes, might well expected. They indicate, however, 
that there very little weakening the case briquettes stored 
solutions chloride and carbonate, but that there was remarkable 
weakening the case those stored sulphate solutions. The 
tensional strengths decrease the solution strength increases. The 
briquettes stored water had strength 448 lb. per sq. in., those 
stored 0.1% solution sodium sulphate, 441 Ib. per sq. in., while 
those stored 10.0% solution broke lb. per sq. in. The 
appearance these latter briquettes was much the same that 
the tile, and they could crumbled the hands. 

These results, although meager, seemed indicate that sodium 
sulphate was the deteriorating factor, and that its effect was the 
bond between the cement and the sand. This being true, was felt 
that the solution the second part the problem was render the 
cement impervious water. was decided start experiments with 
that end view, before any more tests the action the alkalies 
were made. 

Obviously, the mere coating the surface concrete structure 
would not satisfactory, the least scratch such coat would 
render the whole structure open destruction. The real solution lay 
actually water-proofing the cement itself. 

With this view, water-proofing mixture was secured from 
St. Louis concern, and fifth series tests was run. was impossible 
obtain the mixture alone, but water-proofed Eastern cement was 
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TABLE 2.—TENSIONAL STRENGTH NEAT CEMENT BRIQUETTES, AND 1:2 SAND BRIQUETTES, GAUGED 


WITH WATER, SET AIR, UNDER DAMP CLOTHS, FOR THEN STORED SOLUTIONS 
VARIOUS ALKALIES, VARIOUS DEGREES ALKALINITY, FOR VARIOUS LENGTHS TIME. 
THIRD SERIES. SERIES. 1:2 Sanp BRIQUETTES, 
NEAT CEMENT BRIQUETTES. 1:2 WATER-PROOFED 
CEMENT. 
4 
Alkali. Percentage. Test Test Test Test Test X.* 
Stored for Days. Stored for Days. Stored for Days. Stored for Days. Stored for Days. 
Sample Sample Sample Sample Sample 
| 
Cl...... 
1.0 702 925 738 286 429 3W6 371 
0.1 647 831 915 289 441 409 
| 
Mean results five experiments. 
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furnished. The local cements are stronger, general, and this fact 
accounts for the apparent discrepancy. this series the water-proofed 
cement was mixed with standard (Ottawa) sand proportion 
and gauged with water, then stored solutions chloride, 
carbonate, and sulphate sodium for various periods time. Only 
one set tests has been completed the present time, the results 
which are shown Table 

Test the results are not uniform the the neat 
cement briquettes, but they show pretty conclusively that there 
serious deterioration after three months. 

Since these experiments were begun, Bulletin the Montana 
Agricultural College and Bulletin 132 the Colorado Agricultural 
College, have been received. These bulletins corroborate many the 
writer’s observations, but approach the question from different angles. 

These experiments are being continued the writer, and are being 
extended include study the effect the waters the Great 
Salt Lake, which contain large percentage alkaline salts. 

The foregoing results are submitted for whatever they may 
worth, and discussion will attempted the writer. 

Acknowledgments are due Elliott, Am. E., 
Chief Drainage Investigations, Department Agriculture, 
for permission present this information, and Dr. William Blum, 
and Professor Beckstrand, the University Utah, and 
Mr. Hart, Chemist the Utah Portland Cement Company, for 
valuable information and assistance. 

Am. Soc. E.—This paper very timely, 
not only prominent attention the subject, but giving 
some preliminary conclusions which appear the speaker along 
the right lines. 

The destructive effect alkali may traced partly alkaline 
ground-waters coming contact with concrete structure, and partly 
alkaline waters which may conveyed concrete channel. 
both cases, however, there water contact. 

The effect acid upon concrete more complex, and not alluded 
the author. There are cases where acid water acid 
sewage has destroyed cement structure contact, and also cases 
where such contact way injured the structure, but where serious 
injury has been caused gases above the waters after escaping 
from them; that, one case, the cement has deteriorated only 
below the water surface, and the other has deteriorated only 
above it. 

The great usefulness cement for water-carrying works, for 
foundations ground-water, makes quite important and almost 
imperative find ways and means guarding against its destruction 
either alkali acid, and there doubt that, very distant 


Mr. 
Hart. 


in 
4 
Mr. 
Hering. 
> 
§ 


Mr. 


Hering. 


day, the subject will become sufficiently well understood for all practical 
purposes. 

the meantime engineers should become acquainted with the 
facts experience already known, and the author has done good 
work collating some them. 

The engineer and chemist reporting the sewer case Great 
Falls, Mont., distinctly conclude that “the disintegration the cement 
cannot charged any action the sewage gases from the same.” 
The speaker will refer the effects sewage later. 

Experiences recorded Montana, Colorado, and Europe indicate 
pretty satisfactorily that cement can completely destroyed 
alkaline acid waters coming contact with it. Even soft bricks 
seem have been affected, but final explanation offered. the 
same results have followed the use quite different brands cement, 
and different countries, may concluded that the destroying 
cause broader one. 

Evidence points strongly the fact that the porosity the material 
the evil. The mortars used were generally mixed from 
1:3 which indicates sufficient porosity allow alkaline water 
enter capillarity, and, under some pressure, from ground- 
water standing higher than the drain, pass through the material 
into the drain. 

The deterioration generally greater the more porous the mortar, 
often found the interior the mass, while the surface the 
cement often forms firmer and richer coating, and very little 
all affected, unless there merely white alkaline efflorescence. 

These conditions are quite consistent with the conclusion that the 
surface layers, through plastering and troweling, have been com- 
pressed and have had their porosity decreased the layers were made 
denser. The absorption alkaline waters, and therefore their detri- 
mental effect, correspondingly reduced. 

Evidence available Great Falls showing that, where the soil 
the back-filling over drain had the highest percentage alkali, 
the greatest destruction took place. also recorded that the waters 
flowing drain are generally less alkaline than the adjacent ground- 
waters, which fact supposed probably due the waters entering 
the drain having had less time take alkaline solutions than the 
more slowly percolating standing waters the soil outside it. 

The author recommends, where practicable, exclusion the 
alkaline soil-waters from cement drain sewer sub-drain 
gravel stone, which, also, the speaker’s opinion, appears give 
the best and cheapest solution. 

Professor William Headden, the Colorado Agricultural 
College, has given chemical analysis the original cement and 
the material after had been altered alkaline water. This 
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interesting, shows the removal some and the formation other 


ingredients, follows: 

Removed: about two-thirds the alumina.............. 
about one-half the 
about one-half the iron oxide............. 

Formed: about times the sulphuric 
about times the acid............. (CO,) 
about times the magnesia. 


This shows large accession acids, and 
the conclusion drawn from this alteration that the most active 
agent the decomposition the concrete was the acid 
the sulphates the waters solution, that the carbonic acid 
came next, and the accession magnesia last. 
general with others derived elsewhere. 

has been known for some time that sea water has deteriorated 
cement the action the sulphates contained it, chiefly the 
final formation sulphate, which crystallization expands 
and mechanically disintegrates the mass. The precaution usually 
considered the making denser and richer mixture order 
prevent the sea water from penetrating the mass, which conclusion 
harmony with that reached the author and others for protection 
against alkaline ground-waters. 

The only other preventive seems that which intimated 


This result corresponds 


author closing, namely,.the external application and partial 


incorporation some impervious coating. Many coatings have been 
suggested effect this purpose, and some have been used with moderate 
success; but, yet, there consensus opinion regarding the best. 

doubt different coatings may probably found best 
different conditions. Manufactured and thoroughly dried cement pipe 
may perhaps coated with material which would give satisfaction, 
but would not answer for pipe made the trench. The only coating 
which will give permanent satisfaction one which will effective 
upon damp structure, and will incorporate itself thoroughly with 
the cement that peeling scaling off impossible. hoped that 
such material may soon found. lining composed vitrified 
tile plates has been proposed for the purpose the West, and, thus 
far, barring the expense, appears have given satisfaction. 

The speaker has mentioned the effect acid upon concrete struc- 
tures being complex, far governed, not only acid 
the liquid, but gases subsequently arising from it. acid 
liquid, the case the sewage sometimes discharged from 
factories, known disintegrate cement pipe. The preventive, 
the former practicable, exclude the objectionable element, 
give the cement protective coating lining. 
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The effects the gases produce entirely different condition. 
The most serious these that the sulphuretted hydrogen which 
may converted into acid the sewer above the water, and 
some found Los Angeles sewer the City Engineer, 
Homer Hamlin, Am. Soe. E., sulphur adhere the 
bricks which the sewer was built. 

The Los Angeles sewage produced deterioration the cement 
below the water surface, the speaker finding hard and sound. This 
condition differed radically from the effects alkaline sewage where 
the deterioration was chiefly below the water surface. The escaping sul- 
phuretted hydrogen was converted into acid within short 
distance its escape from the sewage, was discernible 
the surface the brickwork the arch. This acid transformed the 
lime the cement joints into sulphate lime, ‘soft 
friable gypsum, which gradually caused the complete destruction the 
binding quality the mortar. 

this case, doubt, good ventilation might have pre- 
vented the formation sulphuric acid, the sewer might have been 
given vitrified lining, some time may possible apply 
which will protect sewers from this sort destruction. 
Los Angeles, for other reasons, the sewer was abandoned for one built 
another locality. 


Some interesting experience this direction reported from 
Germany. 

Berlin brick sewer, where the mortar was 1:3 mixture, 
flakes in. thickness and in. diameter peeled off the 
bricks. The thickest peeling was the cement joints. Upon the 
mortar was observed soft white material (gypsum) looking like 
freshly made lime mortar. Below the water level, the and the 
bricks were sound, they were the Los Angeles case. 

ascertain the cause this trouble, experiments were made 
hanging the sewer, well above the water level, samples three 
materials: marble, cement mortar, and pulverized carbonate lime. 
The results are given Table 


TABLE 


PERCENTAGE 
Sample. When observed. 
When suspended 
sewer air. 
May, 1897. Jan., 1898. May, 1901. 
Cement mortar............ February. 1897 0.116 0.200 0.440 0.640 
Carbonate lime ........ 0.010 0.048 1.440 2.760 
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was found that the acid contents these materials 
were increased quantity, follows: 

the marble, months, about times; 

the cement mortar, months, about times; 

the carbonate lime, months, about times; 

years, about 250 times. 

the summer 1901 analysis the sewer air gave 200 parts 
volume sulphuretted hydrogen per million parts air, which 
was considered average condition. 

sewage department Charlottenburg (Berlin), equal parts 
sulphuretted hydrogen and air were passed through cotton 
temperature 30° cent. (85° Fahr.). Water was then filtered through 
it, and the presence sulphuric acid was demonstrated. further 
demonstration, thin water layer covering the bottom closed bottle 
and containing some fine sulphur powder suspended it, being 
exposed temperature from 20° 30° cent. for two weeks, 
showed strong reaction acid. 

That sulphur formed directly from sulphuretted hydrogen 
shown the fact that sulphuretted hydrogen when dissolved water 
frequently shows sulphur powder the surface formed oxidation 
(H,S and very fine sulphur powder exposed air 
and water known directly converted into acid 

The Berlin examinations, therefore, give confirmation and 
explanation for the Los Angeles case. The sulphuretted hydrogen 
escaping from the sewage rises the brick arch, which has coating 
moisture condensed upon the surface. The air converts first into 
sulphur, and this subsequently converted into acid. 

It. had been suspected that bacterial action was responsible for the 
latter conversion, but Winogradski, his work “Sulphur Bacteria,” 
reports that obtained the same result without it. 

interesting add that 1897, when the foregoing experi- 
ments began, the bricks were also subjected analysis. The porosity 
was found vary from 8.5 bricks different manu- 
facture. All bricks showed the surface white exudations 
ate lime, but they were very slight upon the densest and very marked 
upon the most porous brick, and the latter case the pieces could 
easily taken off with knife. 

This phenomenon explained Bretschneider follows: From 
the layer moisture the brick the sulphuric acid enters the pores 
and diffused through fine cracks and the pores into 
the interior the mass. converts the lime into gypsum, which 
this conversion doubled volume. Unless the material the 
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brick can resist the resulting expansion, when some the gypsum 
oozes out form coating, cracks and peels off, above mentioned, 
the depth which the sulphuric acid has formed the gypsum. 

has been observed that the destruction mortar does not 
progress arithmetical ratio, but gradually decreases, indi- 
Table This partly explained, also Bretschneider, 
the increased ventilation through additional house connections, which 
Germany are used sewer ventilators, the greatest destruction 
taking place where there were fewest connections. Secondly, be- 
lieves that the percolation ground-water through the sewer masonry 
gradually decreases closing the pores the extrados the 
arch, and finds that the surface the bricks the interior thus 
becomes dry and the formation sulphuric acid ceases. 

Osnabruck, Prussia, sewer was built peaty ground 1903, 
the ground-water level standing about the springing line. half 
year signs destruction were visible, and within several years it. 
serious.* The cause the disintegration was laid iron 
pyrites (FeS,) which formed 17% the peat. The greatest destruc- 
tion was found the outside the sewer and between high and low 
ground-water level, which explained the fact that the conditions 
for energetic oxidation were most favorable when both air and 
water were present the same time. The least destruction, fact, 
almost none, was observed the interior. 

This case explained some being due the pyrites being 
oxidized contact with air into free sulphuric acid (SO,) and sul- 
phate iron (FeSO,), and the further fact that the ground-water 
contained from parts per million free acid. 

The same explained differently Bretschneider. main- 
tains that the destruction the cement mortar required that suffi- 
cient amount acid should form directly upon and the 
structure, and believed the acid dissolved the ground-water was too 
weak for the purpose. assumed that the sulphuretted hydrogen 
contained the ground-water, which abundant the peat, rises 
into the pores the damp soil around the structure, and there first 
converted into sulphur, above mentioned, and then, after being 
exposed more air and more moisture, there further conversion 
into acid, when adjoining the structure when absorbed 
into the same. will seen that Osnabruck, the disintegration 
resulted from acid peaty water and also from sulphuretted hydro- 
gen gas. 

Structures Charlottenburg have been protected against injury 
from acid and other organic acids peat similar soils 
complete covering three layers asphalt paper. 


City Engineer Lehmann, Deutsche*Bauzeitung, 1908, 467. 
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The foregoing data seem indicate the following inferences: Mr. 

the immediate agent destruction carried water, 
disintegration will found below the permanent water surface. 
such water flowing inside structure, sewer (acid 
alkali factory waste), the disintegration will inside and far 
the water penetrates the material. the water is- ground-water 
alkali soil, swamp peat, the disintegration will the outside 
(Great Falls and Osnabruck), and chiefly between high and low 
ground-water levels, and may penetrate porous material toward the 
inside the structure. 

2.—When, the other hand, the agent destruction caused 
gases (generally sulphuretted hydrogen) arising from waters, whether 
the outside (Osnabruck) the inside (Los Angeles and Berlin) 


structure, the disintegration will take place above the permanent 
water surface. 


effect alkali concrete, gives interesting résumé the subject. 
One noticeable feature the agreement all that this action 
similar to, identical with, that sea water effecting the dis- 
integration concrete. This may true, for alkali, alkaline 
waters, and sea waters, the same salts are found, though the propor- 
tions the salts are very different, as, for instance, the very slight 
quantities chloride and the large quantities sulphates alkaline 
waters, and the reverse sea water. Which these salts causes 
disintegration, which most active this respect, however, 
matter considerable doubt. 

The Structural Materials Testing Laboratory the United States 
Geological Survey has recently undertaken some experiments which 
are still under way, and which hoped define what salts 
combinations salts cause disintegration and kindred 
structural materials. Moreover, hoped determine whether this 
action chemical physical changes, the former resulting 
from the reaction the salts solution with the constituents the 
cement, and the latter from the freezing the salts 
from their solutions the pores the concrete. Many engineers are 
with the action the freezing water concrete, and 
its results, where there chemical reaction. Without acknowledg- 
ing any chemical reaction, can readily understood that the result 
the formation crystallizing salts concrete cause them 
greater volume than their solutions. Chemical action does 
take place, however, when the magnesia salts are present the solu- 
tion, the lime liberated from the cement its setting replaces the 
magnesia, the latter appearing gelatinous mass. might con- 


Chemical Engr., Technologic Branch, Geological Survey. 
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sidered that this mass thrown out over the partieles cement would 
protect from further action. The salts black alkali, largely 
sodium carbonate, have chemical action which involves the formation 
carbonate. 

Bulletin No. 132, the Montana Agricultural College, gives 
excellent the condition the sewers Great Falls, 
which city located very alkaline region, where the salts are 
sodium magnesium sulphates, combinations these two. 
noticeable that these sewers are principally brick, and that they 
are badly disintegrated. This brings feature which has been little 
emphasized before, namely, the action salts brick and stone. 
matter whether the action physical cannot 
assumed that concrete will attacked and not other porous material. 
The writer has seen samples brick and sandstone, removed from 
buildings Great Falls, which could powdered the hand. 
has also examined the bottom irrigation ditches excavated 
Oregon sandstone, which the stone has retained its original form 
and appearance, but could crushed readily the hand. would 
seem, therefore, that the problem not limited cement products, but 
should inelude all building material which might used similar 
manner. Consequently, its investigation this destructive action, 
the Geological Survey has also building stone and clay 
products. 

the investigations now under way, there are being used, the 
preliminary experiments, solutions sodium chloride, 
phate, sodium magnesium chloride, magnesium sulphate, 
and iron sulphate alone; also solutions containing equal parts 
sodium chloride and sodium sulphate; sodium chloride and magnesium 
chloride; sodium chloride and magnesium sulphate; sodium sulphate 
and magnesium sulphate; magnesium chloride, magnesium sulphate, 
sodium sulphate, and magnesium chloride; and also sea water from 
City. 

These solutions are being used two series investigations; the 
first, purely chemical, consists shaking definite quantity 
cement with definite quantity solution, then withdrawing the 
solution intervals, and, analysis, determining what the cement 
has lost gained. present this being conducted with unset 
cement. the test will repeated with set cement. The 
second series physical, and consists making hollow cylinders 
cement mortar and hollow burned clay, closed one end. 
Through these the various solutions are allowed percolate, the 
appearance the cylinders being noted from time time. From 
this the relative disruptive the different solutions may 
determined. the first experiments the second series very rich 
mortar was used, dry mixed, order give very porous product, 
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rich cement. From this will possible determine whether 


any these salts can omitted the further investigations owing 
their slight action. other cement mortar cylinders will 
made, less rich and more dense mixtures being used. Specimens 
will also made which, after setting, different quantities salts 
will added solution, and attempt made determine how much 
necessary cause disruptive action. keeping other cylinders 
immersed the various solutions, and noting the action want 
action, and then drying and noting the effects, hoped that some 
valuable preliminary information will procured this interesting 
and difficult problem. 

The very dry atmosphere the region where alkali most plentiful 
and where the action has been reported most severe, naturally 
suggests that would cause excessive evaporation and result exces- 
sive crystallization. 

These investigations are prosecuted the hope that method 
preventing this action may evolved. This will necessitate tests 
various water-proofing materials, and these have been progress 
the United States Geological Survey for more than year. very 
important class these materials, known bitumens, and including 
coal-tar, pitch, asphaltum, and petroleum residuum, being examined. 
The investigation would also incomplete without considering the use 
pozzuolana, slag, and iron-ore cements alone replacing portion 
the Portland cement. 


Means, Am. Soc. (by paper mr. 


brings before the Society subject which worthy careful con- 
sideration. Recently number articles have appeared the public 
and engineering press, which would lead the uninitiated believe 
that, the soil the West, concrete not permanent. That there 
need for such apprehension apparent, course, anyone well 
acquainted with the circumstances, but there are many people who 
are not, that few words reassurance may not seem amiss. 

This subject was brought prominently before the public 
letins issued the Experiment Stations Montana and Colorado. 
Each these publications describes cases failure concrete, and 
each presents the results some chemical work. 

unfortunate that the results these investigations, made 
cases failure concrete, should have been given such 
general application. general failures have occurred the West, 
fact, there have been very few, when the great extent cement 
structures engineering work considered. For many years cement 
has been used irrigation and drainage work arid and semi-arid 
regions, not only the United States, but the world over, and very few 
failures have been reported. 
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For nearly twelve years the writer has been associated with work 
the Arid West, much the time connection with alkali-soil 
investigations, and, during this period, work has been carried 
every arid State. From the first has watched the effect various 
alkalis cement, brick, stone, and other building materials. How- 
ever, special investigations were made order solve the problem. 
Wherever certain alkali has been found, deleterious action 
cement has been noticed. The severity this action seemed 
depend the quality the concrete, the strength the alkali 
solution, and, certain extent, the exposure the concrete. 
Other alkalis not seem have any serious effect concrete, 
fact, number cases have been under observation where concrete 
has been exposed for several years intensely alkaline soils with 
bad results. 

The alkali which seems most harmful generally contains sodium 
and magnesium chlorides, and some gypsum calcium 
sulphate; other salts occur greater less quantity. 

far observations without analyses are value, apparent 
that the magnesium soils are the most deleterious, and this view 
supported the experience others. Chlorides alone not seem 
harmful, and sulphates sodium and are not harmful. 
the Truckee-Carson Project, Nevada, there are areas land 
which contain large quantities sodium sulphate and sodium chloride 
mixed. this project great many concrete structures have been 
built; 50000 bbl. cement have been used, some having been 
placed strong alkaline soils, and careful examination struc- 
tures five years old has failed reveal any disintegration the 
concrete. 

Carbonate soda black alkali the most harmful salt, far 
vegetation concerned, and likewise the only alkaline com- 
pound, the chemical use the term, ordinarily found soils. 
has been said that this salt, account its alkaline reaction, would 
have solvent action cement, but such does not seem the case. 
Apparently, black alkali alone not harmful concrete. Big Soda 
Lake, near Hazen, Nev., important source natural soda. The 
water carries about 124% solids solution, and this more than 
sodium chloride, nearly sodium sulphate, and more than 
sodium carbonate. Specimens cement pipe, which have 
been contact with this water for several years, show signs 
deterioration. 

true that very porous concrete apt damaged alkaline 
waters any kind, but good concrete seems free from damage 
any but alkali containing magnesium. salts. evidence 
hand show that any particular brand cement more susceptible 


q 
{ 
4 


4 


Papers.] THE EFFECT ALKALI CONCRETE 581 


damage than others, but not expected that such would 
true, for all reputable brands have nearly the same composition. 

Besides the chemical action which magnesium compounds seem 
have, there mechanical disintegration which seems most 
active porous concrete. The solution, and recrystal- 
lization salts seem loosen the and disintegrate 
prying off outside grains. 

The harmful alkalis seem found almost always certain 
cretaceous formations the Rocky Mountain States. Pierre shale 
and formations associated with it, seem the main source 
soluble magnesium salts. This geologic formation occurs number 
Western States, and where the soluble salts have not been leached 
from the soil, cement and concrete work apt badly affected. 

doubt there are other localities where deleterious compounds 
exist. this can often obtained from the State Experi- 
ment Stations from the Department Agriculture, Washington. 

Thus far, very satisfactory remedy has been proposed. There 
excellent opportunity for extended investigation the 
physical and chemical phenomena connected with the effect alkali 
concrete. Magnesium compounds seem have many peculiarities. 
may possible that cement some peculiar composition may 
developed, which will not only resist the disintegration and decom- 
position caused magnesium salts, but will more satisfactory for 
use sea water. Again, may possible either protect concrete 
made with commercial cement, some special precautions, 
introduce some foreign substances into order prevent 


damage. The field certainly looks promising for some enterprising 
chemist physicist. 


parts India, where known reh and oosur, and regular alkali 
deserts Sind and the Northwest Frontier. Under certain cir- 
cumstances the salt most destructive materials which would stand 
well enough ordinarily, but the cause and remedy are well known. 
The salt the pores the material and disintegrates 
action somewhat similar that frost. Bricks are speedily 
reduced powder, are also soft stones and concrete. The mortar 
used those parts India where alkali occurs, made one part 
fat lime ground finely with two parts pounded brick, called 
soorkhi. moderately hydraulic and well made, and, when laid, 
eventually becomes hard bricks; likely destroyed, 
however, the effect alkali. fire-clay goods, underburnt, 
are likely destroyed, one end pipe being reduced powder 


while the other end remains uninjured. For building, and for making 


soorkhi, nothing should used but slightly vitrified brick—at all 
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events all external surfaces—and concrete with impervious 
skin. 
The author states that: 


“These failures may indicate some special peculiarity the local 
soil, and may somewhat similar the well-known fact that the 
action sea water has been destructive concrete certain locali- 
ties and not others.” 


regard this, not the action the alkali the sea water 
which varies from place place, but the structures acted on. Under- 
burnt brick and porous will perish whenever they come 
contact with alkali sea water. 

The tile mentioned made 1:5 mixture was certainly very 
porous, and improbable that the voids any sand are less than 
one-third, which, safe, would demand mixture 23. 


Am. Soc. E.—This paper merely touches 
the subject alkali water used for mixing concrete, and though 
the following statements cannot properly called discussion, 
thought that they are enough interest the Profession 
recorded. 

While building concrete piers for railroad bridge across the 
Arkansas River, near Muskogee, Okla., instance came the 
speaker’s attention which seemed indicate that alkali alone the 
water used the mix does not always have detrimental effect the 
this case, two piers, identical every way, except for 
the coarse ingredient used, and built simultaneously, showed very 
different results. One pier was built gravel taken from the river 
bed, which produced good The other pier was built 
Joplin, Mo., chats, and was total failure, the concrete did not set. 
The pier was afterward taken down. The “concrete” was about the 
consistency semi-cemented gravel, and was easily excavated with 
pick and shovel. both instances water containing alkali (and from 
the same was used, the sand and cement being identical. 

Subsequent experiments with the chats, using water free from 
alkali the mix, produced excellent results; but, when alkaline water 
was used the concrete failed set. The same result was obtained 
three other instances, where similar conditions prevailed. 

Attention called the fact that the Southwest chats are 
very commonly used making concrete, with excellent results; fact, 
the speaker had used them reinforced work before these 
bridge piers were constructed. had not been evident that 
the chats were fault (as shown the opportunity compare the 
result with containing other coarse ingredients), there would 
have been reason suspect the real cause the failure. 

customary for engineers look well the character the 
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cement, sand, and water used concrete work, and satisfied 
with the coarse ingredient, answers the physical requirements. 
evident from the foregoing that this case some chemical action 
between the alkaline water and the chats caused failure. 


the West. The evidence presented the author abundantly demon- 
strates the destructive action alkaline waters cement, tiling, 
and concrete. The question longer one bad specifications 
poor construction; but special measures protection, yet 
devised, are necessary meet the conditions outlined. difficult prob- 
lem submitted the Engineering Profession, and the vital impor- 
tance its solution cannot emphasized too strongly. Few are aware 
the extent the great region, west the Mississippi, which 
marked the presence alkali the soil the surface. 

The decomposition mortars exposed the action waters 
charged with sulphates has long occupied the attention chemists 
and engineers, and many experiments have been made order 
some binding material which would not subject 
deterioration. Until within few years, these researches have been 
concentrated chiefly the injurious action sea water, although the 
destructive effect sulphates lime and magnesia was not unknown. 
The difference between sea water and the alkaline waters the West 
that the latter act more energetically, owing much greater con- 
centration the sulphates magnesium and and, their 
name implies, they contain, addition, alkaline carbonates. 

Notwithstanding the title the paper, nothing said the effect 
the presence the alkali constituents the waters. These strong 
bases react with the aluminate cement, resulting acid-forming 
oxides. 

desirable have clear the chemical changes 
which tend destroy concrete when contact with sulphate 
alkaline waters. The basic calcium aluminate set cement believed 
the vulnerable point attack, and where the mischief 
done. With this constituent the sulphates form sulpho-aluminate 
lime, reaction attended with great increase volume (owing the 
water taken into combination), and consequent disruption. Both mag- 
nesium and chlorides, wherever present, are detrimental 
concrete, owing the fact that the chlorine radicals replace the 
aluminate, causing the production soluble compounds. series 
experiments immersed briquettes with artificial solutions vari- 
ous salts, recently conducted the speaker, the injurious action 
chlorides and magnesium was fully confirmed. Sulphate 


solutions, however, appeared from the experiments the most 
active decomposing agents. 


Chemist, New York Board Water Supply. 
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The experience cited, numerous concrete failures the West, 
teaches that engineers must the alert for saline waters wherever 
construction planned under way. fact, waters almost satur- 
ated with salt solutions are sometimes found far from alkaline regions 
any recognized occurrence gypsum. the other hand, drain 
waters which, certain times, contain small quantities sulphates, 
may become saturated during periods drought. Subterranean waters 
should always examined for sulphates and chlorides and 
magnesium, they are flow contact with concrete. Waters 
encountered the older strata several parts the country, both 
East and West, have been found heavily impregnated with these 
injurious compounds. 

According the partial analyses published, the ground and drain 
waters from the trans-Mississippi region not differ greatly 
composition from the sulphate waters which have proved destructive 
mortars Spain, France, and other parts the world. France, 
especially, considerable attention has been given the study this 
problem during the last few years, and some valuable results have 


been obtained. There, has been found that the pozzuolanas have 


always had notably ameliorating effect where sulphates were encoun- 
tered. The best resistance values were obtained with mixtures 
silicious cement and dehydrated clay the proportion part 
all the artificial pozzuolanas. Vicat estimated the appropriate cal- 
cination temperature clay about 1000° cent., but should 
emphasized that the operation dehydration industrially delicate 
one; the desired temperature not realized, either exceeding 
not reaching the proper calcination heat, inert material instead 
pozzuolana may manufactured. 

Experiments Bied, Teil, Department Ardéche, 
France, reported the last meeting the International Society for 
Testing Materials, confirm the superiority silicious cements over 
aluminous cements, and the favorable effect the addition dehy- 
drated clay. According Bied, the presence sulphate cal- 
cium, the use dehydrated clay the only means known present 
preventing decomposition. The addition the clay cannot 
made the work, but entrusted conscientious manufac- 
turers. The addition stearate lime and similar compounds 
ordinary cement, which render the mortars more impermeable, were 
shown inefficient preventing decomposition. 

For number years the large French company, the Société 
Pavin Lafarge, claims have supplied indecomposable 
cement based mixture dehydrated clay and the silicious 
made that firm. This engineering and contracting com- 
pany constructed the great military harbor works Bizert, the French 
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military base opposite Corsica, the African Coast, and well 
known Europe. The cement made this firm has been used 
throughout the gypsiferous territories Southern France. 

The promising results obtained France should lead experi- 
ments along the same lines America, and such experiments should 
made many laboratories possible. method, once sure 
and rapid, determining the capability cement mortars resist 
the decomposing action alkaline sulphate waters has not come 
into general use. The method hitherto used commonly consists sim- 
ply immersing the mortar the saline water and observing for 
long periods possible. The results obtained this test vary, 
however, according the composition the mortar and the condi- 
tions its immersion, and the experimenter often has wait long 
periods before signs disintegration are observed, and even then 
such signs may doubtful nature. There room, therefore, 
for the proposal some scientific and expeditious method arriving 
the relative resistance values different hydraulic materials which 
may subjected the action sulphate sea waters. 

Until cement discovered which proved capable per- 
manently resisting the destructive effects these alkaline waters, 
the safest policy will follow the recommendation Candlot con- 
cerning sea water, and consider their action from purely physical 
standpoint. thus eliminating the chemical side the problem, 
the only remedy adopted against decomposition some physical 
means preventing the water from penetrating the mortar. 

The speaker recently study the possible effect 
concrete deep subterranean water which was heavily charged with 
the sulphates and chlorides alkali and alkaline earth metals. Pre- 
liminary experiments having indicated energetic decomposing action 
hardened cement mortar, series accelerated tests was made 
order determine what salts present the water set the destructive 
chemical changes. After ascertaining analysis the saline con- 
stituents water question, number definite solutions 
chemically pure salts were prepared, each containing separately, 
distilled water, the individual constituents found the natural water. 
Broken neat and mortar briquettes were immersed beakers these 
solutions and allowed remain room for days. 
For comparison, specimens were kept some the subterranean 
water for the same length time. The list pure salts separate 
solution included: 

Magnesium sulphate, 
Sodium 
Caleium chloride, 
Magnesium 
Sodium 
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The tests also included the action salts not found the natural 
water, but commonly occurring constituents other saline waters 
that have proved destructive concrete. These were the sulphates 
iron and aluminum, the carbonates sodium and potassium, and 
the bicarbonate sodium. 

the end the test period, precipitates were found all the 
beakers which the mortar specimens had been contact with solu- 
tions sulphates, the action having been most energetic the 
presence sulphates calcium and magnesium. Considerable pre- 
cipitation also occurred from contact with the magnesium and 
chloride solutions, the latter proving actively decomposing any 
the salts. The alkaline carbonates were apparently without effect, 
also was sodium chloride, but sodium bicarbonate caused some 
action. none the separate solutions was the decomposing action 
comparably energetic resulted from contact with the sub- 
terranean water, which, previously stated, contained natural 
mixture chlorides and sulphates sodium, and magnesium. 
qualitative examination the solutions and material thrown down 
from the mortar specimens the form precipitates, the beakers 
where action was apparent, showed that the alumina, lime, and iron 
oxide all the specimens had been attacked greater less extent 
the solutions. 

While the conditions this series experiments were not such 
lead definite conclusions quantitative sense, the results 
obtained serve show from what ingredients saline waters danger 
may expected; and thus they have very direct bearing the 
study the question the effect alkaline, sulphate, sea waters 
concrete. 

Several authorities, including Michaelis, have stated that alumina 
cements replaced ferric oxide, the deleterious effect sea 
water prevented. Brief experiments made the speaker with 
sample so-called iron ore cement received from Germany (in which 
ferric oxide almost wholly replaces alumina), indicate that while this 
material apparently unaffected sulphate waters, offers 
greater resistance the attack calcium and magnesium chlorides 
than ordinary Portland cement. practice, whatever cement may 
used, all alkaline and sulphate waters should kept from contact with 
fresh concrete until has gained substantial strength. 
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Discussion.* 


cost construction Mr. Gregory are much 
The total and unit costs relating the Water Purification Works 
were particular interest the writer connection with similar 
table compiled from the costs construction the Cincinnati Fil- 
tration Plant. obvious that strict comparison the costs 
similar parts these two plants justifiable, since each was de- 
signed meet ‘local conditions. Cincinnati the plant was required 
and purify turbid water; Columbus the same condi- 
tions were met, but, addition, the water was softened. 
Apparently, the latter function was considered governing the de- 
sign the works Columbus. 

Table 19, showing the costs construction for the Cincinnati Fil- 
tration Plant, submitted contribution the general subject, 
and may interest engineers designing and building plants 
this type. 


This discussion (of the paper Jobn Gregory, Am. Soc. E., printed Pro- 
ceedings for January, 1910, and presented the meeting March 2d, 
members for 


Proceedings order that the views expressed may brought before 
further discussion. 


Superintendent, Cincinnati Filtration Plant. 
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CINNATI, OHIO. 


Capacity Plant: 112 Million Gallons Hours. 


Cost 
gallons 
Work. capacity for 
hours. 
Pipe lines between settling reservoirs and head-house. 354.77 494 
Coagulation basins, gate houses and pipe lines......... 304 913.05 722.44 
Filters, filter house, piping, sand and gravel............ 592 112.30 286.71 
Piping, valves and gate-house between filters and clear- 


Columbus, the unit costs per million gallons capacity 
hours appear considerably greater for the settling basins 
and mixing tanks combined, than for the coagulation basins Cin- 
cinnati. The figures for the Columbus tanks and basins are 100 
per million gallons capacity, compared with Cincin- 
nati. general way, these parts the two plants correspond; but 
should not forgotten that Columbus more elaborate baffling 
tanks and basins, more divisions the flow the raw and treated 
waters, and more places for the primary and secondary applications 
chemical solutions were needed and provided for, than were re- 
quired Cincinnati. The greater combined unit costs the head- 
house, lime-saturator house, storage-house, wash-water tank, offices and 
laboratories Columbus, than for the corresponding head-house, 
chemical-house, wash-water tank, offices, and laboratories Cincin- 
nati, are similarly explained the necessity for designing plant 
for softening, well for clarifying and purifying the water. The 
combined unit costs for the items noted above for the Columbus 
plant amount compared with $1268 for the Cincin- 
nati plant. 

The filters and piping the Cincinnati plant cost more per mil- 
lion gallons capacity than did those Columbus. The figures for 
Columbus, which include the air-washing equipment, are $3540, 
compared with $5287 for Cincinnati. However, the filtered-water 
reservoir Columbus cost more than that Cincinnati. The 
figures for the Columbus plant are $3280 per million gallons, and for 
the Cincinnati plant, $1084. the latter plant, the clear-water 
reservoir separate uncovered reservoir, while Columbus, 
directly under the filter tanks, which latter form protecting roof. 
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Virtually, great difference costs exists, the cost the filters, 
piping, and clear-water reservoir each plant combined and then 
compared. 

The cost per million gallons capacity for the whole purification 
plant Columbus stated which amount does not in- 
clude engineering; the corresponding figure for the Cincinnati plant, 
shown above, $11 418, and this also excludes the cost engineer- 
ing. The difference more than 000 per million gallons capacity 
doubtless due the additional requirement demanded the local 
conditions Columbus, that is, for the softening very hard 
water, and one which times subject rapid fluctuations its 
physical characteristics. 


record, with the liberal illustrations showing the details construc- 
tion the improved water and sewage works Columbus, Ohio, 
forms valuable addition the rapidly growing accumulation 
literature pertaining municipal sanitation. Therefore, should 
prove welcome all who are interested the subject, and especially 
that wide circle progressive engineers and city officials who since 
1904 have followed more less closely, pilgrimage otherwise, 
the development here being realized. 

Columbus congratulated having works which the 
highest state the art water and sewage purification was repre- 
sented the time they were designed. 

The mechanical execution the work was also high order 
excellence, and reflects great credit the contractors and the en- 
gineering organization responsible charge its construction. 

The elasticity the design proving value affording 
wide range for varying the details operation and thus permitting 
sundry experiments the chemists charge, which will ultimately 
add the knowledge many obscure questions rates and effi- 
ciency, feature which the writer hopes see emphasized the 
discussion this paper. 

One defect the sewerage system and sewage purification works 
writer that some mechanical device for cleaning and keeping clean 
the sand-catcher the main sewage pumping station should have 
been installed, for the reason that dependence hand-cleaning has 
been found unreliable. Soon after the operation the pump- 
ing station was begun, the sand-catcher filled the flow line the 
sewer. Since then all detritus arriving the sewer has been 
ried forward into the sump chamber where clogged the sewage- 
level indicators, and the portion which remained has had re- 
moved therefrom hand-cleaning more less frequent intervals. 
Probably half the detritus carried the station the sewage 
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passed the pumps and was later deposited the primary septic tanks, 
where, forming layers over the septic sludge, confined the gases 
decomposition and greatly increased the violence the ebullitions, 
thus complicating their action. ‘It still remains disposed of. 

this connection may interest state that the inter- 
ceptors, some twenty number, the intercepting sewer are for 
the most part only pits, ft. depth, the bottom each 
combined sewer, with pipes varying from in. diameter lead- 
ing from the pits the intercepting sewer beneath the combined 
sewer the point crossing. apparent, therefore, that each 
intercepting pit acts sand-catcher for detritus and quickly con- 
veys the intercepting sewer. This condition somewhat miti- 
gated the fact that flood flows the smaller interceptors become 
clogged, and, that event, portion the detritus carried past 
the interceptor the river outlet the combined sewer. 

Three the interceptors are provided with gates con- 
trolled floats which close the connection the intercepting sewer 
times storm flow, when, presumably, the greatest proportion 
the detritus would carried the sewage. These devices have served 
the purpose intended. may that now, however, new condition 
has been introduced, which renders them less effective than formerly. 
The new condition the daily use compressed air street flushers, first 
introduced 1904; and now, weather permitting, miles 30-ft. 
streets, equivalent area, are washed daily. These flushers simu- 
late the condition heavy shower for the area over which they 
operate, and carry into the sewer catch-basins and the sewer itself 
large quantity detritus. the area flushed there are 518 street 
catch-basins, mostly the standard pit type, ft. diameter, and 
ft. deep below the siphon outlets; but these catch-basins are 
direct inlets furnished with the so-called Palmer valves. repairs 
are needed, these basins are being gradually changed the standard 
form with pits. 

The sewer 6.8-miles long and from ft. 
diameter, with grade per 1000 its largest diameter, giv- 
ing velocity 4.8 ft. per was first put into operation 
August, 1894; five years later, September, 1899, cleaning 
was begun, which was continued until June, 1900, whereby deposits 
from in, depth were removed from about 2.4 miles 
sewer cost per cu. yd., total cost 564.81. 
Nine years later, July, 1909, deposits upward ft. depth 
having accumulated, second cleaning was begun and being 
continued. 

While the intercepting sewer being hand-cleaned necessary 
close the and divert the raw sewage into the river, 
fouling the same, and thus defeating for time the purpose for which 
the sewage purification works have been constructed. 
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The cleaning the intercepting sewer with sewage accumulated 
under considerable head manholes frequent intervals and sud- 
denly released through quick-opening gates has been proposed, but 
while this method effective small sewers, doubtful whether 
would sewers large diameter unless the accumulation 
sewage was augmented storage greatly excess manhole capaci- 
ties. 

The fact that the intercepting sewer about ft. lower than low 
stages water adjacent streams suggests connection with the 
same for flushing purposes, and for the upper end the sewer such 
provision should prove benefit. 

Whenever the intercepting sewer has been cleaned the sand has 
been found cemented layers with tar which has escaped from the 
gas-works the Ohio Penitentiary. interceptor the street, 
the house sewer from the penitentiary, was built 1900 and 
was cleaned five times that year from bbl. tar each 
cleaning. may that the changes occurring since State 
and city officials, this provision for preventing tar from entering the 
sewers has been overlooked. 

The advisability constructing sand-catchers each the 
sewage interceptors prevent part the detritus from entering the 
sewer, and another the intercepting sewer 
east the river, where the sewer invert above the back-water and 
the sewer itself has shallow cover, being considered, but what- 
ever may done these respects the writer believes that some me- 
chanical device for cleaning and keeping clean the existing sand- 


near the main sewage pumping station will found desirable 
and necessary. 


C.-E. (by who are interested 
sanitary matters must feel indebted Mr. Gregory for this compre- 
hensive and detailed the important developments water 
and sewage practice which have been worked out Columbus, Ohio. 
Profitable discussion suggested many points connection with 
both the new plants, but the influence the Columbus experiments 
and designs the history sewage purification the particular 
phase the subject which appeals most strongly the writer. 

Progress sanitary engineering the United States has been 
marked half dozen striking and epoch-making investigations. 
water purification, the construction the Lawrence filter, 1893, 
the Louisville experiments 1898, and the disinfection the Jersey 
City water supply 1908, form notable landmarks. Modern sewage 
purification began the Lawrence Experiment Station the Massa- 
chusetts State Board Health 1890. Then for fifteen years the 
lead was taken English engineers; and the report George 


Biologist-in-Charge, Sanitary Research Laboratory and Sewage Experiment Station, 
Massachusetts Institute‘of Technology. 
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Johnson, Am. E., the Columbus experiments 
1905 marks the next really important and fundamental advance 
American practice. 

The Columbus experiments, followed the construction and oper- 
ation the plant, demonstrated that the trickling 
sprinkling filter could operated successfully under American condi- 
tions, and moderately severe northern climate. Since 1905 the 
opinion has rapidly gained ground that, under ordinary conditions, 
and with the possible exception small cities situated where sand 
easily available, the trickling process the most economical all 
methods sewage purification. The plants Washington, C., 
and Reading, Pa., are obviously modeled after the Columbus studies; 
and experimental work Boston, Baltimore, Philadelphia, and Chi- 
cago, tends the same direction. 

There are minor points the design trickling filters, which 
remain worked out, which the method distribution 
undoubtedly the first importance. regard this the writer 
inclined believe that the Columbus model will modified consider- 
ably future plants. The discharge sewage from fixed sprinkler 
nozzles with large circular orifices tends defective, for two rea- 
sons: The quantity sewage discharged the wetted area from 
such nozzle too large’ for efficient purification; and the distribu- 
tion notably uneven. Columbus the first objection has been met 
intermittent operation (the bed being dosed first for 6-hour 
periods and finally for periods only min.), and reducing the 
diameters the nozzle orifices six the filters from in. 
between and in. The second difficulty, uneven distribu- 
tion within the wetted area, has been met operating the nozzles 
under three different heads, during successive 15-min. periods. 
varying head must used, however, seems more reasonable 
adopt nozzle like that designed Gavin Taylor, Am. Soc. 
E., discharge sheet rather than over ring; and Mr. Tay- 
lor’s nozzle has the further advantage covering approximately 
square and avoiding waste area the overlapping circles. vary- 
ing head not used, the Technology gravity distributor, 
the sewage discharged downward dise from which splashes 
and out, gives more even distribution than any fixed device, 
except nozzles like those used Birmingham, which have the defect 
very small openings subject serious clogging. 

There doubt, the whole, that the trickling filter furnishes 
cheap and satisfactory method securing organic stability. 
ideal oxidizing machine. The problem suspended solids, how- 
ever, does not solve; and this remains the most serious problem 
sewage disposal. The analytical data for the operation the 
Columbus plant for 1909, giverr Mr. Hoover, are the basis 
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for the figures Table 20, which indicate the extent this problem 
striking manner. The figures for the mean daily flow 
REMOVED 
Mean daily (INFLUENT EFFLUENT). 
flow, 
millions 
gallons. Parts per Pounds per Tons per 
million. day. 


the sedimentation tanks have been from the data relating 
the percentages the time these tanks were service, assuming that 
the periods were representative ones. appears from Table that 
2115 tons dry solid material are annually removed from the Colum- 
bus sewage, amounting about ton per 1000000 gal. part the 
1777 tons deposited the septic tanks will course liquefied, 
but probably not more than half. Mr. Hoover’s figures indicate that 
four the tanks were cleaned twice during the year, and the other 
two four times. present Columbus fortunate being able 
discharge its sludge into the Scioto River periods high water. 
For cities not well situated this question sludge disposal remains 
very real one. 

There are two main lines along which the solution this problem 
may perhaps sought profitably. The first the perfection the sep- 
tic tank, some other form biolytic chamber, that larger pro- 
portion the sedimented solids may eliminated diges- 
tion. The writer has become convinced that the principal factor which 
prevents more complete solution suspended solids the over-septic 
condition the sludge due the accumulation waste products 
bacterial life. this the case, tanks built like the Hampton and 
Ems tanks, such fashion separate the sludge from the flowing 
sewage, keeping the sewage fresh and the sludge stagnant 
ble, are designed diametrically wrong principle, far the 
sludge solution concerned. the new experiment station the 
Institute Technology, the reverse principle has been 
applied. tank has been constructed the Dortmund pattern, 
the influent entering near the bottom and being skimmed off the 
top, that the sludge constantly washed and kept from over- 
septic condition the incoming sewage. data sludge diges- 
tion are yet available, for the tank, thus far, has been operated 


months), without the necessity for cleaning; but the effluent 
excellent character. 
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The other possible avenue approach the sludge problem lies 
along the line utilization. The history sewage purification 
one long story disappointment the extraction any useful 
by-products; yet the failures the past cannot limit the possibilities 
the future. the results already achieved England 
and Germany the reawakening efforts along this line are not very 
possible, however, that some mechanical improve- 
ment may any time bring the utilization concentrated sludge— 
particularly where manufactural wastes are present—within the range 
practical consideration. 


ing recent years, and prior 1909, the Scioto River, and below 
Columbus, has been unsightly appearance and foul smelling during 
low-water stages. This what might have been expected, least 
one-half the flow such times was sewage. 

observed January, 1909, the river bed was covered with 
deposit sludge from in. deep. The appearance the surface 
the stream was marred floating masses sludge, and odor from 


the river was noticeable for distance least 100 ft. from the 
banks. 


TABLE 21. 
Scioto River, Olentangy River, 
about miles 
storage dam. above the city. 
River elevation, feet, above low 2.8 0.0 


Bacteria (whole 000 


During the summer and fall 1909, about one-half the raw 
sewage from that part the city east the river, was discharged 
directly into the river, owing the cleaning the intercepting sewer. 
For this reason, there was but little improvement over previous con- 
ditions during this time. Consequently, will impossible show 
the effect the purification the sewage the sanitary condition 


Sewage Purification Works, Columbus, Ohio. 
Engr., Ohio State University. 


ANALYTICAL RESULTS, PARTS PER MILLION. 
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the river under low-water, warm-weather conditions, until after Messrs. 


the summer 1910. 


and 
The composition the water the Scioto and Olentangy Rivers McDowell. 


above the city, indicated the analyses given Table 21. 
The sanitary condition the Scioto above the sewage works and 
various stages during 1909, shown results analyses samples 


taken mile above the outfall. These results are recorded Table 
22. 


TABLE 22. 
ANALYTICAL RESULTS PARTS PER MILLION. 
Apr. 28, 0.012 8.0 9.0 10.2 0.024 


The bad condition the river, prior February, 1909, shown 
the results recorded Table 22, explained the fact that for 
the previous six months, the river had been extreme low-water 
stage, during about one-half which time (before the sewage works 
began operate) all the raw sewage was discharged into it. Between 
the beginning this long-continued, low-water stage the river and 
the starting the sewage works, there had been floods scour out 
the river bed and free deposited and decomposing sludge. From 
June ist, 1909, the beginning freezing weather, the intercepting 
sewer was being cleaned and raw sewage was discharged into the 
river. This latter fact accounts for its bad condition, indicated 
the September analyses. 

The effluent from the sewage works discharged the west bank 
the river and short distance becomes thoroughly mixed with 
the whole flow the stream. This shown Table 23. 

stated, there has been yet favorable opportunity study 
the Scioto under warm-weather, low-water conditions, but from March 
5th April 28th, 1909, study its sanitary condition was made. 
this time only purified sewage was being discharged into the river. 
Samples were taken immediately above the plant and several points 
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THE EFFLUENT WITH THE WATER. 


When River Elevation was 1.8 Low Water.* 


| 
| 
SourcE SAMPLE. 


West bank. West center. East center. East bank. 


100 ft. below outfall.......... 26.0 


25.5 4.0 4.5 

When River Elevation was 2.4 Ft. Above Low 


20.0 9.0 5.0 
5.0 8.0 10.0 5.0 


value for effluent this time was 
Chlorine value for effluent this time was parts. 


below it. The results the analyses these samples are recorded 
Table 24. The river was from 1.4 2.6 ft. above the low-water stage 
this time. 

October 6th, 1909, some analyses made which show the 
self-purifying ability the when low-water conditions prevail. 
These samples were taken during the time when the intercepting 
sewer was being cleaned, and when from 50% the total flow 
the raw sewage the city was being discharged into the river. 
These results are recorded Table 25. 

streams has often been noted, but the 
improvement here unusual for short partly 
explained the aerating effect the many riffles the first miles 
below the plant. 

comparison the composition the river water just above the 
plant, time when the river was receiving about one-third the 
raw sewage the city, with the effluent from the plant, might 
interest. The results given Table are averages samples, 
both river water and effluent, taken September 20th, 21st, and 29th, 
1909. The river was extreme low-water stage this time. 

evident that the future very decided betterment the 
sanitary condition the river during warm-weather, low-water times 
may expected. The effluent from the sewage works, itself non- 
putrescible 75% the time, will diluted such times with approx- 
imately equal volume only slightly polluted river water. 
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TABLE 24. 
ANALYTICAL RESULTS, PARTS PER MILLION. 
Nitrites. Nitrates. ammonia. centimeter. 
9.5 3.2 0.40 10.7 8.6 
0.044 2.5 0.20 11.0 8.2 0.0135 
0.085 3.0 0.11 9.5 8.6 0.0242 
0.046 2.5 0.16 8.6 0.0092 
i 
Sample No. Average four samples taken above the outfall. 
No. 6 = wt three 25.0 ot 
TABLE 25. 
NITROGEN AS: 
° a j a 
TABLE 26. 
ANALYTICAL RESULTS, 
PARTS PER MILLION. 
River water. sewage 
Bacteria (millions per cubic 1.60 1.68 
Days required decoiorize cu. cm. 0.1% solution 
blue per 250 cu. cm. when 
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unique, the presentation papers this Society, that there 
should combined one paper the description plant for the 
purification the water municipality for domestic purposes and, 
the same time, description method for the treatment its 
sewage. This paper specially interesting account the fact 
that treats both subjects comprehensively, and describes not only 
the construction with great detail, but also the operation for period 
sufficient show the results which may expected when everything 
has got bearing and running regular manner. item 
great value the detailed supervision the costs. Such detail 
without much painstaking, and the author congratulated not 
only for its admirable arrangement but also for the presentation 
the whole subject such logical and complete manner. the 
duty every engineer emulate such example, and prepare 
and present papers the work under his charge promptly after 
completion has been done this case. 

Under the head “Pumping Station,” the author alludes the 
fact that the ordinary cut stone used the trimming buildings 
this class was replaced with concrete constructed special moulds 
and with carefully finished surfaces. Architectural treatment this 
kind special interest this time when concrete being used 
great extent, and the writer would like see photograph 
least portion this building, showing the appearance the parts 
thus treated well one two details. gleaned from the descrip- 
tion, the general effect must very satisfactory. 

The problem purifying water the character described, 
softening and then mechanical filtration, unusual and very inter- 
esting. Apparently, preliminary investigations experimental 
seale were made determine the best methods for its treatment. 
such experiments were made, great credit given for the 
design the details the plant, the combinations and rapid 
variations the amounts “total hardness” and “turbidity,” given 
the tables covering the period operation, are indicative the 
care taken secure satisfactory effluents. The writer does not recall 
any published data dealing with water such character. The 
tables relating the operation the filters from January August, 
1909, show that the results are steadily improving experience with 
the water increases, and any data later operations which may 
given those charge the plant will great interest indi- 
the effect this treatment the water. 

not surprising that detailed experiments were made the 
sewage treated, not only the fact that was desirable 
obtain all the data possible its peculiarities before proceeding too 
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far with the design, but also because the time the plant was projected 
the general question sewage treatment the United States such 
large scale was its infancy. Great credit due the city authori- 
ties for permission spend the money necessary for these experiments, 
and now possible for them see the wisdom their action. 
The problem sewage treatment large cities the United States 
undoubtedly one the most vital sanitary questions, and, the 
very near future, certain that many municipalities will com- 
pelled spend enormous sums money for such improvements. Such 
complete description this work the present time, therefore, 
most opportune and valuable. 

From examination the tables costs, would appear that 
Columbus has now completed large municipal work excellent 
design and very reasonable cost. 


(by letter).—This work seems remarkably 
bold and complete have been carried out short time, and 
there doubt that will prove eminently beneficial Columbus. 

The Scioto River Storage Dam such ample section that 
all human probability, cause any risk the great city 
below it. 

The water-softening and filtering arrangements seem very 
efficient actual working; but, without the evidence given Table 
12, the writer would have thought impossible work the fine sand 
filters the rate gal. per acre per day, stated. This 
rate far greater than any which has record, except for coarse- 
sand preliminary filters. The cleansing the filter water and air 
seems very simply and effectively arranged, and doubt accounts 
for the wonderful rate working. 

Turning “The Improved Sewage some the best 
features the works Birmingham and Salford seem have 
been selected, but may yet found expedient add some sort 
straining the septic tanks and the bacteria beds. Experi- 
ence Salford has shown that these beds gradually become choked 
with the solid matters passing them, even when, Birming- 
ham and Columbus, the medium averages more than in. diameter. 

There space enough, however, for such addition, found requisite. 

The hexagon plan for the bacterial filters, with its central gate- 
house, seems excellent arrangement, but mention 
made provision for fall from the center the 
order equalize the pressure the spray The writer has found 
fall 250 for whole structure very efficient. 

The spray jets used Columbus are the type preferred the 
writer for septic effluent, because having only one hole, they are less 
likely choke; their fault throwing the drops ring, however, 
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needs the corrective proposed, that is, variation the 
head. The writer used this type experimental filters from 1893 
1898, but, the permanent beds, substituted the well-known two- 
hole jets, and, later, some with six internal holes. These give trouble 
with the sewage liquor which has passed through the coarse-sand 
roughing filters. 

The normal rate working the filters Columbus, gal. 
per acre per day, the same that used Salford, with in. 
in. medium, with double this rate during wet weather. The writer 
not aware any coarse-grained filters, like those Columbus, which 
treat English sewage efficiently this rate; but doubt this rate 
may used treating the more dilute sewage Columbus. 

few years the filter beds will probably become clogged such 
extent that the whole medium will require dug out and 
washed; but there ample water supply, this may not very 
costly renovation. 

the aeration the filter beds, the writer the opinion, 
though cannot quote any actual facts its support, that the beds 
would improved some ample air pipes carried down the col- 
channels, provide for current vertically through the 
medium. 

hoped that there may soon opportunity abandon 
the disposal the sludge into the river during freshets. seems 
imply either very irregular cleansing the settling basins and 
septic tanks, certain laxity the definition freshets the 
river. 

Looking the whole work water supply and sewage disposal, 
the writer heartily congratulates the author its evident efficiency, 


and the considerable ingenuity and originality shown many 
its details. 


refers the fact that the underlying rock the Scioto River water- 
shed limestone. may described more correctly dolomite, 
mixture lime and magnesium combined with sul- 
phates and chlorides the same bases. These salts make the water 
hard, and therefore the water-softening process one the most 
important features the Columbus water purification works. 

softening the water “quick” “fresh-burned” lime used 
remove the carbonates and magnesium salts, and “soda ash” 
soda remove the sulphates and chlorides. has 
been used for years remove carbonates from municipal water sup- 
plies, but Columbus the first city undertake remove the 
gal. hours. Moreover, the presence magnesium makes the 
problem more complicated than many purification works, 
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removal has not ordinarily been attempted city water- softening 
plants heretofore. 

The results obtained Columbus demonstrate that the mag- 
nesium, the sulphates, and the carbonates can removed without 
difficulty all seasons the year, provided the softening chemicals 
are applied properly and the operation the plant watched 
trained men. 

the bed-rock the water-shed dolomite, the ground-waters 
waters which work into the river during dry seasons are heavily 
charged with salts which make the water hard. wet seasons the 
conditions are reversed, river contains large volumes soft 
surface water, carrying mud scoured from the cultivated fields, bac- 
teria washed from sewers and barn yards fields, and vegetable 
coloring matter from woods and swamps. evident, therefore, 
that the river water changes character markedly, and these changes 
take place more rapidly, perhaps, than any other municipal plant 
where water softening combined with purification conducted 
such large scale. 

These conditions arise partly from the fact that current flows 
through the storage dam continuously, and rapidly flood that 
the total volume may displaced two three times hours. 
other large cities the water supplies are equipped with great set- 
tling basins which store the raw water for several hours even days 
muddy, and equalize the fluctuations, but the 
must take whatever flowing the river—hard soft, and clear 
turbid water. 

Through the courtesy the superintendents the plants Cin- 
and New Orleans, data obtained those cities during 1909, 
are presented Table for comparison with those from Columbus. 

Recognizing the fact that conditions change the river water 
through wide range, the designing engineers built many devices 
for .making the application chemicals the water 
Even so, however, experience has shown that the adjustments 
the regulating apparatus were not sufficiently extensive -cope 
with the variations composition the river water. addition 
this, the lime varies composition, and often from 
20% “foreign” matter, consisting “unburned” rock, cinders, 
bricks, ete. All such stuff had away first, 
the drain pipes leading from the slaking and solution tanks were 
too small, but since they have and 4-in. drain pipes 
easy matter wash them out the 

Fine-mesh large area have also been placed over the 
outlet pipes leading the chemical feed regulators, and extra stirring 
arms haye been the agitators the solution tanks 
order keep the suspended, matter settling. 
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TABLE 27.—Comparative Data Cincinnati, New AND 


All parts per million. 


SETTLED 


WATER. 


| 


Number bacteria per cubic 
| | 
Number bacteria per 
Number bacteria per cubic 
centimeter 


| 


Designing engineers will well note that wherever sludge 
finds chance lodge, elbows, valves, measuring devices, 
sediment accumulates, rapidly shutting off the flow, and interfering 
with the application chemicals. Such deposits cause frequent and 
annoying interruptions the lime feed Columbus, requiring 
laborer flush them out frequent intervals. 

The soda and coagulant solutions not carry débris such large 
quantities nor the same character, but, these chemicals are 
sometimes shipped jute burlap sacks, the fine hairs rubbing 
from the cloth form mats over the screens. correct these condi- 
tions, removable screens have been installed the outlets the dis- 
solving tanks, and “constant head” boxes front the orifices. 

addition the interruptions flow caused these “foreign” 
impurities, the lime, soda, and sulphate iron solutions form 
crystalline, and scaly deposits which choke the delivery pipes 
short time unless flushed frequently jets water under pres- 
sure. For example the 8-in. which deliver mixture 
lime liquor and raw water four points the saturators, become 
filled, 2-weeks run, with granular accretions calcium carbonate 
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such extent that one could not run 2-in. pipe through the 
opening left. The bore the “lead-lined” coagulant pipe the gate- 
house reduced flakes iron rust from in. in. many 
places. This pipe laid for part the way concrete and 
submerged water during the ordinary course work, thus making 
these accumulations the coagulant lines especially serious, because 
the piping inaccessible for cleaning. 

All such important apparatus should placed open areas 
which are easy access, and should provided with plenty flange 
unions that the pipes can taken apart for cleaning. 

The coagulant solutions have eaten the steel pipes wherever the 
lead lining broken—as joints between valves and fittings—and 
seems though would advantageous make long stretches 
coagulant lines cast iron. 

Lime solutions are not corrosive themselves, but the suspended 
particles carried the milk lime, flowing through the “chemical 
feed regulator,” cuts the edges the orifice plates, screens, and 
valve seats. The soda solution attacks concrete, dissolving out the 
calcium sulphate and leaving the sand and gravel, which makes the 
walls the concrete tanks rough. 

The acid carried the sulphate iron and alumina solutions 
dissolves the carbonates out the concrete tanks, eats the iron pins 
out the valves, and, fact, destructive almost all metals 
except lead, though brass pipe stands well. 

After passing the chemical feed regulator, the lime liquor mixes 
with 60% raw water and enters the saturators. According the 
original design, from 25% raw water was have been di- 
verted through the saturators make clear saturated lime-water con- 
taining grains CaO per gallon. Soon after starting the plant, 
however, this method procedure was changed because the lime 
liquor rose restricted areas and the effluent from the saturators 
rarely carried: more than 45% CaO. 

Finding that the original plan was not efficient, additional pad- 
dles were attached the rotary stirring shafts, and larger volumes 
raw water were forced into the saturators. this procedure more 
magnesium precipitated, because larger volumes raw water come 
into contact with the lime while still condition which 
necessary for converting the soluble bicarbonate into the insoluble 
hydrate. This hydrate, together with some precipitated carbonate 
lime, forms sediment the liquor flowing from the saturators. 
The particles suspended matter serve nuclei which the water- 
softening precipitates, which develop the reaction chambers, may 
collect. The sludge formed the precipitates, together with the 
coagulated mud, collects for the most part the first sections 
Settling Basins and This deposit has soft jelly-like consist- 
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ency, forming, weeks, mass from ft. deep near 
the inlet ends the eastern compartments Basins The 
depth the sludge falls off rapidly ft. the outlet ends 
these basins, and sediment depth only about ft. collects 
the other basins during the year. When basin cleaned, 
the inlet and outlet water-gates are closed, and the valves the 
drains the floor the basin are opened, allowing the sludge 
the river. Most the sludge will run out this manner, 
and what remains flushed out readily with fire stream. 
using hose, six men clean basin from hours. 

Attention called the fact that the settling basins remove 
most the chemical precipitates, mud, and bacteria. fact, 
necessary that from 90% such materials should taken out 
there order obtain pure clear effluent from the plant. order 
secure this result, provision was made originally for applying 
coagulant the entrance each any set basins, the outlet 
the last basins, and the settled-water channel the way the 
filters; but experience has shown that better efficiency obtained 
adding most the coagulant the raw water enters the plant, 
and small additional dose the settled water passes the 
filters. There are two reasons for this. the first place, adding 
coagulant the raw water the inlet the whole body water be- 
comes charged and such condition that when the lime 
strikes the coagulant precipitates large flocks. 

Unfortunately, however, certain species bacteria grow, some 
seasons, the sludge deposited the mixing chambers, conduits, 
and settling basins. Moreover, the water-softening reactions require 
several hours become complete, and, the precipitate 
carbonate very fine, secondary turbidity sometimes develops the 
settling basins. 

These bacterial growths and the turbidity resulting from the water- 
softening reactions constitute second reason for adding dose 
coagulant the outlet the settling basins form the 
surface the filters for removing the last traces suspended matter 
and bacteria. When the sediment coarse and heavy—for instanee. 
the early stages flood—a comparatively small amount 
coagulant will clarify the water, but, toward the end the flood, 
when the particles sediment become fine and the coloring matter 
from the swamps and fields increases, coagulants not react with 
their usual efficiency. 

becomes necessary such times add slight excess 
that the effluent from the mixing tanks shall have from 
parts per million alkalinity. Laboratory experiments indi- 
that this excess required replace the alkaline 
lime removed the water-softening process and 
the finely-divided particles suspended matter 
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main. there are only few days the year when lime not 
required for softening, would not possible cut the lime out for 
any considerable number days succession. Therefore, Co- 
lumbus not possible depend the bicarbonates, which are 
carried naturally the water, precipitate the coagulant. The 
treated water always carries considerable quantity monocarbon- 
ate lime, but this alkaline salt does not seem react with sulphate 
iron alumina the same manner bicarbonate caustic lime. 

glance the tables the paper will show that large quantities 
coagulant were used occasionally. These applications were made 
order remove the bacteria which grew the sludge, and the 
treatment did not prove wholly satisfactory, hypochlorite 
lime being used present increase the bacterial efficiency and 
for the purpose economy. 

When the settled water applied the filters has turbidity 
less than parts per million and contains little coagulant, the 
sand beds remove the suspended matter without difficulty. During 
the early part 1909, however, the gravel underdrains were deranged, 
and the sand grains became coated some extent with deposits 


lime and iron, making necessary coagulate the turbidity the 


settled water with extra alum. 

From August December, 1908, compressed air was applied the 
beds sand during the process washing, but the current 
wash-water applied seems clean the beds sufficiently, the treat- 
ment with compressed air has been discontinued. 

The designing engineers expected that the filters would washed 
with current water having maximum upward velocity in. 
per min. The actual rate does not exceed in., however, and 
the velocity great can used without lifting the sand into 
the gutters. possible, also, that screens would have placed 
over the under-drains, deeper layers large-sized stone laid top 
the strainers prevent the gravel from being dislodged, the 
eurrent wash-water should applied higher rate. 

The writer desires add word praise for Mr. Gregory and 
the engineers who assisted him designing and building the plant. 
They had very little knowledge the character the Scioto River 
water guide them, and the data regard the best method 
treatment for softening the water were gained from series labora- 
tory tests carried out with small volumes water for period only 
months. 

The plant has handled the water successfully, the typhoid fever 
rate has been reduced, the people have abandonded their cisterns, and 
the water gives general satisfaction for boiler purposes. 

account the “flashy” character the river water, however, 
the plant requires constant watching, and for that reason the bills 
for superintendence and labor have been high. 
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the problem confronting those having the water purification works 

charge finding supply lime sufficient purity and within 
distance such that the freight charges would not prohibit its use. 

Something the importance this problem may realized when 
remembered that during period months the average daily 
consumption lime was 9.2 tons; the average total hardness the 
Scioto River for the same period was 270 parts per million, 60% 
which required lime treatment; the magnesium averaged 23.4 parts 
per million, and required extra lime treatment. 

Experience gained this plant has shown that those limes which 
contain less than magnesium, and 90% more 
oxide (CaO) are most economical and give the most efficient and re- 
liable results, and that local limes are sufficiently high silica, 
alumina, iron, and especially magnesium, reduce the percentage 
available oxide less than 80. should said, fur- 
ther, that has rarely been possible obiain limes delivered the 
plant with more than 88% available oxide, the low per- 
centage being chargeable weather conditions, distance hauled, and 
the much more rapid loss available oxide the fine par- 
ticles than the larger sizes body crushed lime, there being loss 
from available oxide from these causes during 
transit from the point shipment. 

Table shows the average analysis the limes furnished 
different companies, representing limes from Ohio, West Virginia, 
Maryland, and Pennsylvania. 


TABLE LIMEs. 


Company. Total Total Matter not 


CaO. Mg. water-soluble. 


The chief source loss calcium oxide the absorption 
acid gas from the atmosphere, that is, carbonation, and 
seems due the three causes just mentioned. One the speci- 
under which lime furnished the plant calls for lime 
size not greater than in. any dimension. re- 
ceived bulk tight box cars and sacked the plant. 


Asst. Chemist, Columbus Water Purification Works. 
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Tables and are interest showing the relative loss Mr. 
available oxide the various sizes this crushed lime when 


separated standard-mesh sieves. each cited the tables 
about 100-lb. the lime representing the “run the car” was sepa- 
rated sieves mesh, each size thus separated being 
weighed and sampled for chemical analysis. 


TABLE 29. 
Lime retained 1-in. 6.9% 86.2% CaO 
TABLE 30. 
Car Car No.2. 
Percentage available calcium oxide, cars received........ 85.5% 
Percentage available calcium oxide, cars time making 
Mechanical analysis 79.8% 


Number days elapsing between the rec eipt the lime and the 


Loss available oxide from 3.9% 5.7% 


With respect the relative extent loss CaO due the ab- 
sorption CO, and hydration lime storage, the curves Fig. 
are interest. They are the results series laboratory ex- 
periments extending over period month more. number 
1-gramme samples lime, ground pass 100-mesh sieve, were 
exposed the action the atmosphere the lime storehouse 
box covered with cloth such way give free access air 
but protect them from dust, ete. One these samples was an- 
alyzed each day, note being taken all atmospheric conditions 
shown. called the marked similarity the lime 
curves after the seventh day. 

the end days series chemical analyses was made 
the samples remaining determine nearly possible the charac- 
ter the changes that hud taken place. was found: 

That the tctal loss available oxide amounted 
about 19%; 
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That direct determinations the extent the carbonation 
widely differing methods accounted for all but from this 
loss, and, therefore, indicate that the loss available oxide 
largely rue carbonation; 


That the moisture, determined the drying test, 
amounted from 1.5 2.0%; 

That, after time, the loss available oxide ceases, the 
lime remaining the same strength, with slight fluctuations, pro- 
tected outer coating hydrated and carbonated material; 

That the hydration that may take place does not seem destroy 
the value the lime water-softening agent; and 

That the lime shipped carries about unburned stone and 
about calcium form other than oxide. 


0.0 
0.0 
0:0 
0.0 
2 60 
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August September 
Day 20 21 22 23 2 2 26 27 28 29 30 31 1 2 3 4 5 6 7 8 Y 10 11 1213 
SampleNo.l 2 3 4 56 6 7 8 10 12 13 15 16 17 18 19 W 24 25 26 


18. 


plant started operation September, 1908. Some months later the 
city meter inspectors noticed that number meters were not regis- 
tering the flow water correctly. examination the meters were 
found clogged with slimy white deposit which interfered 
with the rotation the dises. Later, the trouble subsided some 
extent, but seemed sufficient importance warrant special 
investigation. 

During the summer 1909 series studies was made for the 
purpose discovering the extent and nature the action the 
water metals. the same time, several proposed remedies were 
tested. brief explanation the water-softening process use 


the plant may help clearer understanding the experiments 
which follow. 


Asst. Chemist, Columbus Water Purification Works. 
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The chemicals used the softening and purification the Scioto Mr. 
River water Columbus are lime, soda ash, and sulphate alumina 
sulphate iron. The purpose the lime absorb the excess 
acid gas which holds the carbonate lime and magnesium 
solution the river water and the same time remove free 
acid gas, present. When the reaction takes place the 
newly formed lime, together with the carbonate lime 
liberated the removal the carbonic acid gas, largely precipi- 
tated. necessary make further addition lime convert 
the magnesium (now the form normal carbonate, which 
more soluble salt than the corresponding carbonate lime) the 
insoluble hydrate. Although, for most purposes, the carbonates 
lime and magnesia may considered insoluble, yet the excessively 
dilute condition which maintained water-softening plant they 
are soluble the extent about parts per million. 

The soda ash added precipitate the other soluble salts lime 
and magnesia, namely, the sulphates, chlorides, and nitrates these 
metals, normal carbonates lime and magnesia. the same 
time there are formed, and remain the water, sodium sulphate, 
chloride, and nitrate, but the presence these salts not objection- 
able. 

The general method procedure the experimental work was 
expose metals known weight and surface area the action 
chemically treated water known composition for definite lengths 
time. this way quantitative results were secured. 

The metals chosen were lead, zine, galvanized iron, and black iron. 
Zine pipes are not used, but zine coating black-iron pipe 
common usage. Other than this, the are those used 
for water pipes. 

was learned quickly that sheet lead unaffected, beyond tar- 
nishing and slight gain weight due surface oxidation. After 
the film oxide covered the surface, there was either increase 
weight the rate increase was greatly diminished. there- 
fore, was not included all the experiments. 

order learn something the rate deposition and secure 
sufficient deposit for analysis the following experiment was made: 
Two glass cells were set up, each having liters. 
These were filled, respectively, with zine and galvanized-iron plates 
separated rubber stoppers. Water having the average composition 
shown Table 31, taken from analyses made every hours, was then 
passed into the bottom the cells and carried off the surface 
suction arrangement. 

will noticed from the analyses Table that the deposits 
recovered from the zine plates are similar composition those 
from the galvanized-iron plates, with one exception, the deposit 
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TABLE THE WATER, PARTS PER 
Total alkalinity..... Total hardness 111 
Table shows the details the experiment. 
TABLE 32. 
Extent sur- |Time Quantity Amount 
Metals used. face metals ure action water passed deposit 
exposed. water. over plates. recovered. 
The analyses the deposit recovered given Table 33. 
TABLE 33. 
Zinc plates. Galvanized-iron plates. 
98.72 


the galvanized iron containing trace iron, absent the zine 
plate deposits. 

appeared that the normal carbonates the water might re- 
sponsible for the action, the chief constituent the deposits was 
zine carbonate. such were the case, distilled water having normal 
solution should give deposits metals. test this 
50-gal. barrel was steamed out and fitted with stirring device, 
which was attached small motor. The barrel was filled with dis- 
tilled water, treated with excess freshly precipitated calcium 
which was carried into solution the acid gas 
present. The quantity lime-water was then added, giv- 
ing water with parts normal carbonate lime. After settling, 
the clear water was siphoned through two 500-cu. em. bottles con- 


taining, respectively, zinc and galvanized-iron plates, each having 
surface sq. cm. 


Papers.] WATER AND SEWAGE WORKS, COLUMBUS, OHIO 611 


The bottles were fitted with two-holed rubber stoppers, the water Mr. 
passing the bottom the bottle and out through bent glass tube 
with one arm longer than the other. The rate outflow was con- 
trolled pinch-cock, and amounted gal. per hour per bottle. 
This apparatus was used many the succeeding experiments. 

Deposits appeared the surface each metal, and relatively 
large amount was deposited the bottoms the bottles. 

this experiment, well succeeding ones this type, the 
metals were weighed before and after exposure the action the 
water. The character the deposit was such, however, that more 
light was thrown the relative amount observation while the 
bottles were filled with water. After removing the metals and filter- 
ing the deposits the bottom the bottles, the total deposition 
given metal plate was seldom more than 0.01 gramme, and usually 
varied from 0.001 0.005 gramme. 

The same procedure was observed with distilled water treated 
with normal carbonate magnesium. obtain saturated solution 
magnesium carbonate, was necessary treat the distilled water 
with excess finely pulverized magnesium carbonate, pass car- 


bonie acid gas into the water during agitation, and finally boil the 


water. Water (50 gal.) treated thus with magnesium carbonate was 
boiled for hour liter flasks, and the resulting water, containing 
parts per million normal carbonate magnesium, was passed 
over metals. Deposits appeared both the metals and the bottles, 
but not large quantities the case the water treated with 
lime carbonate. 

discover whether dissolved oxygen might not contribute the 
bad result, experiment was made follows: Two carboys, filled 
with gal. distilled water, were connected circuit, and air, 
previously freed from carbonic acid gas, was bubbled through the 
water for hours. the end this period, the aerated carbon- 
dioxide-free water was passed over and galvanized-iron plates 
usual. The surfaces both metals were covered with deposit and 
the bottoms the bottles contained sediment. 

The zinc plates, weighing 30.6754 mg., increased mg. weight, 
while the galvanized-iron plates, weighing 27.9458 mg., increased 
3.2 mg. 

The increase weight may accounted for combination 
the metal with the oxygen carried into the water the form 
air, and with normal carbonates which remained dissolved the wa- 
ter after the lime and soda treatment. 

this point the action metals softened water containing 
varying amounts caustic was taken up, gal. raw river water 
being treated with amount lime and soda calculated from the 
analyses give water comparable the filtered water leaving the 
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plant that time, the difference being the amount caustic 


present the specially prepared water. Three experiments were made, 
the caustic present being, respectively, about 15, and parts per 
million, caleulated carbonate lime. same procedure was 
observed each experiment, follows: The quantity raw water 
treated was gal., and 60% this was treated with lime 
cream known strength, amount sufficient give the caustic 
desired 100% the water. After agitation for hour the barrel, 
the remaining 40% raw water was added, followed agitation for 
min. Sodium carbonate solution was then introduced into the 
water followed thorough mixing for hour. After complete clari- 
fication settling, the water was siphoned over lead, zinc, galvanized- 
iron, and black-iron plates, usual. Side side, duplicate ap- 
paratus was set and tap water was passed over similar plates for 
the same length time, and equal amounts. the end the 
experiment the metal plates were removed, dried carefully, and ex- 
amined for relative amounts deposit. The weights the metals 
were taken before and after exposure the water. The analyses the 
water are given Table 34. 


TABLE 
Total Phenol Caustic 
Experiment No. alkalinity. alkalinity. alkalinity. 


Specially prepared water............... 


The lead plates all cases increased slightly weight, namely, 
0.5 2.0 mg., plates weighing about grammes, but trace 
‘deposit was formed. 

The plates had larger increase weight when city water 
was used, the difference amounting about mg. deposits weigh- 
ing from mg. 

The galvanized-iron plates lost weight, the loss being smaller with 
the use city water. This difference varied from 0.0 2.0 mg. 
total losses 0.8 4.0 mg. 

The black-iron plates increased weight from 1.5 6.5 mg. with 
city water, and lost mg. weight with the water containing 
caustic. 

The inference from these experiments that water containing 
caustic, the amounts used the experiments, does not contribute 
larger deposit than when caustic present. 
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experiment was next made discover whether the sodium 
carbonate treatment affected the deposit appreciably. quantity 


river water (50 gal.) was treated with lime cream, thoroughly agitated 
and settled, and the clear water was siphoned over weighed metals. 
the same time city water, softened both lime and soda, was run 
duplicate apparatus, the conditions being kept similar every 
way. The analyses are given Table 35. 


TABLE 35. 
Chemical Total Phenol Caustic 
added. alkalinity. alkalinity. alkalinity. 
Specially prepared water.....| Lime only. 


With the exception the lead, deposits appeared the metals 
and the bottles, quite the same the case the water softened 
lime and soda the water softened lime only. 

the deposit obtained the first experiment contained large 
amount carbonate, was thought that any treatment the water 
which would reduce the normal carbonates would effect good results. 
powder, which proved sodium bicarbonate, called “American 
Carbonating Powder,” was made the basis many experiments, and 
sodium bicarbonate, likewise, was carried through similar tests. Pre- 
liminary experiments were made see the normal carbonates 
the water were reduced the use these two chemicals, through 
liberation carbonic acid gas. typical experiment using each 
chemical given here. This corroborated many others. 

The conditions the experiment were follows: 4-gal. 
bottles were filled with liters river water. Each bottle was then 
treated with saturated solution lime-water the rate 
grains calcium oxide per gallon. The bottles were then shaken for 
hour, and then the soda, soluble form, was added. The shaking 
was then repeated for hour. After hours standing, the super- 
natant liquid was siphoned through filters and analyzed. Erythrosine 
was used indicator securing the total alkalinities. The de- 
tails are given Table 36. 

will noticed from Table 36, that there reduction normal 
carbonates, and practically the same extent with both the use 
the “American Carbonating Powder” and the sodium bicarbonate. 

discover whether this reduction normal carbonates might 
affect deposits metals, many experiments were made which the 


example. The conditions the experiment were 


follows: quantity river water (50 gal.) was treated with lime 
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Parts PER MILLION. 


m 


cream known strength, and agitated the barrel the stirring 
device for hour. Sodium bicarbonate solution was then added 
amount sufficient give water with total hardness about 
100 parts per million carbonate lime. This was fol- 
lowed agitation for hour, ‘and, after settling for hours, the 
clear water was siphoned over weighed metals usual. the same 
time duplicate experiment was run using tap water. The analyses 
are given Table 37. 


TABLE 37. 
The weights the deposits formed are given Table 38. 
TABLE 38. 
Lead 
(no deposit) Zine. Black iron, Galvanized 


milligrammes. 


Specially treated water.. 2.6 
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The lead both cases increased somewhat weight, but de- 


posit formed. The appearance the deposits indicated 
difference than the weights show, the deposits are fluffy and oc- 
cupy considerable space. previously mentioned, the relative 
amounts can judged closely observation. The water treated 
with sodium bicarbonate more favorable water use, far 
deposits metal are concerned, but sufficient carbonic acid gas 
not liberated prevent deposition, even when small quantity 

sodium carbonate had proved inefficient preventing deposi- 
tion metals, the well-known method carbonating the filtered 
water was next tried. The apparatus set for treating the water 
with acid gas was follows: hard glass tube, 300 cu. 
em. capacity, graduated centimeters, was fastened up- 
two-holed rubber stopper was fitted the lower 
end, one hole serving the inlet for carbonic acid gas generated 
Kipp apparatus, the other attached rubber tubing Mariotte 
bottle filled with water saturated with carbonic acid gas. The top 
the tube was fitted with one-holed stopper from which bent 
glass tube led outward and down about em. this arm 10-cu. 
cm. pipette was connected short piece rubber tubing. The 
pressure was controlled the movable bottle, the case 
Orsat apparatus, and the flow carbonic acid gas pinch-cocks. 
gallon bottle, filled with city water, was placed over the outflow, 
the pipette reaching the bottom the bottle. The top the bottle 
was partly closed close-fitting cardboard. The water was now car- 
bonated very slowly, the rate about bubbles per minute. 
When the desired amount gas had passed into the water, the bottle 
carbonated water was carefully removed, closed with tight-fitting 
rubber stopper, and shaken for min. the end that time was 
transferred carboy and the proceeding was repeated. Two car- 
boys, holding gal., were filled for each experiment. Varying 
amounts carbonic acid gas were passed into the water the dif- 
ferent experiments, the desire being find the least amount gas 
that would prevent deposition metals. After the carboys were 
filled, the water was siphoned over plates zine and galvanized iron, 
usual, the rate gal. per hour for each kind metal used. 
The results the experiment are shown Table 39. 

will noticed from Table that two figures may chosen 
from the amount acid gas passed into the water. 
Water carbonated the rate cu. em. carbonic acid gas per 
liter will leave deposit metals; but the gas used this quantity 
attacks the metals appreciably. Carbonic acid gas added the rate 
cu. per liter, the other hand, leaves very slight deposit, 
but the loss weight the metal very much lower. Carbonic 
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acid gas the rate cu. em. per liter would about 325 per 


million gallons. Pressure and temperature corrections were not made, 
these experiments are roughly quantitative only. 


TABLE CARBONATED FILTERED WATER ZINC AND 
GALVANIZED 


Loss 

Free CO, Loss 

parts per metals. bottles. 
treated. million milli- 

100 100 None. None. 

100 33 19 14 15 

100 20 14 17 17 oe 3 

100 13 10 5.6 2.4 = Slight. 

100 0.0 3.4 Slight. Large. 


The results this study may summarized follows: 

established that water softened lime and soda 
and coagulated alum iron will appreciably attack zine, black 
iron, and galvanized iron, and form heavy deposits. 

the zine and galvanized iron, the deposits are 
similar composition, and consist about 90% normal 
zine. 

Third.—Other salts present the water large quantities, such 
carbonate lime and magnesium, and sodium sulphate, are also 
present the deposits appreciable extent, and are probably 

practically unaffected, undergoing surface oxi- 
dation only, but receiving deposit. 

Fifth—Black-iron pipe heavily oxidized, copious deposits 
iron oxide being formed and settling out form heavy sludge. 

dissolved oxygen the water appears have cor- 
rosive action the metals, which aided carbonation, secured, 
first, either from the carbonie acid gas the air, which sufficient 
form normal carbonate, but not sufficient carry the 
deposit back into solution bicarbonate; or, second, from the normal 
present the filtered water, which are precipitated out 
insoluble carbonate zine. reduction normal carbonates 
the water that had passed over the metals could detected, but 
small quantity was taken for titration, namely, 100 cu. 
would not bring out the difference. 

distilled water containing normal carbonate lime 
forms deposits, indicating that this salt factor the formation 
deposits. 


extent. 


CA 
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Ninth.—The presence considerable amounts sodium 
the water does not appreciably affect the deposits. 
containing considerable amounts caustic favor 

the reduction deposits. 

bicarbonate used chemical for the reduc- 
tion incrustants water, that is, chlorides, sulphates, and nitrates 
lime and magnesium, more nor less efficient than the normal 
carbonate soda. Used chemical for the reduction normal 
carbonates the liberation carbonic acid gas, efficient the 
extent about parts per million. Used chemical for the 
prevention deposits pipes, unsatisfactory, reducing the 
deposits appreciably, but not eliminating them. 

the water efficient means pre- 
venting the formation deposits, but when used sufficient amount 
the metals are attacked appreciable extent the presence 
free carbonic acid gas the water. 


statement regarding the removal bacteria, might interest 
state briefly some the factors that influence bacterial removal 
the Columbus Water Purification Works. 

Bacterial removal these works was governed 1909 by, (a) the 

amounts and magnesium salts precipitated from the water; 
(b) the amount coagulant added the water; (c) the addition 
hypochlorite; and (d) the method operating the filters. 

Removal Bacteria Water-Softening Precipitation—When 

the river water very hard high bacterial efficiency obtained 
adding very little, coagulant. The precipitate magnesium 
hydrate gelatinous, and shows about the same degree efficiency 
for the removal bacteria, the hydrate precipitates iron and 
alumina. The precipitated carbonates are pulverulent, and are not 
effective the removal bacteria. During January and the first 
thirteen days February, dependence was placed entirely the 
water-softening precipitation for the removal bacteria. The 
effectiveness this treatment shown Table 40, which gives the 
average amounts magnesium hydrate and calcium carbonate pre- 
cipitated from the river water, and shows the average bacterial counts 


TABLE 40. 
BACTERIA PER CuBIC CENTIMETER. 
Magnesium hydrate Calcium carbonate 
precipitated, precipitated, 
parts per million. parts per million. River Settled Filtered 
water. water. water. 


Asst. Chemist, Columbus Water Purification Works. 
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the river, settled, and filtered water, expressed numbers per cubic 
centimeter. The bacterial removal was per cent. 

Removal Bacteria Coagulation—From the middle Febru- 
ary until the end the year, either sulphate iron sulphate 
alumina was added the water. The quantities coagulant added 
were proportioned the amount and character the turbidity, and 
varied from 0.3 8.3 grains per gallon. The average turbidity 
the river water for the year has been parts per million, and 
average 1.7 grains per gallon coagulant has been added. Table 
gives the average amounts coagulant added the river water. 


TABLE 41. 
water between per gallon. water between: per gal on. 
and 150 and 200 4.4 
100 2.2 500 1000 4.7 
150 2.8 1500 6.4 


The period sedimentation was about hours. 

The number bacteria the river water during 1909 averaged 
240 per cu. the settled water, 664, and the filtered water, 
120. These averages show that 92.8% the total number bacteria 
was removed the settling basins, and that 5.9% more was taken out 
filtering, making total removal 98.7 per cent. 


TABLE 42. 
AVERAGE NUMBER BACTERIA PER CENTIMETER, IN: 
Month, 1909. 
River water. Settled water. water. 
April.... 500 850* 250* 


The large numbers bacteria found the settled and filtered waters during April, 
May, and June belonged species which grew the settling basins. 


Table shows the average the daily counts, the river, 
settled, and filtered water, for the year. The samples were plated 
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duplicate agar, having acidity 1%, and were incubated for Mr. 


hours 20° cent. 

Although the counts for the filtered water average 120 per cu. cm. 
for the year, the numbers were below 100 during 79% the time; 
below during 72% the time; below during 56% the time; 
and below during 39% the time. days the plates were 
sterile. 

The high numbers bacteria, which appeared occasionally and 
hung for two three weeks time, were due, almost all 
cases, growths non-pathogenic bacterium, which develops the 
lime sludge the settling basins and conduits. The sludge contained 
about bacteria per gramme, and every time this 
sludge was stirred the last chambers the settling basins large 
numbers bacteria were found the settled and filtered water. The 
organism which caused the high counts will not grow 37° cent. 
any the laboratory culture media, but develops all media 20° 
cent. Many times this organism caused the settling basin counts 
higher than the river water, and few occasions the filtered 
water counts have been higher than those the raw river water 
for similar reason. 

The counts gelatin and agar have checked very satisfactorily 
all times the river water, and also the settled and filtered water, 
except during times when there was trouble with these growths; then 
the gelatin plates showed many times many these tiny white 
colonies were developed agar. 

Disinfection with first experiments 
were made the laboratory, time when trouble was caused 
growths the settling basin. Four samples settled water gal. 
each) were collected sterile bottles; the hypochlorite was added, and 
the samples were shaken vigorously for min., then gelatin plates 
were poured. These plates were incubated 20° cent. for hours. The 
results the hypochlorite treatment are given Table 43. 


TABLE 

Available chlorine added Bacteria per 
Sample No. parts per million. cubic 
0.0 000 
112 
0.50 


December 15th the treatment the entire supply with 
hypochlorite was commenced. The river was flood, and the tur- 
bidity and numbers bacteria were very high. Table shows the 
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numbers bacteria found the river water, the settled water, 
before the application the hypochlorite, the treated settled water, 
the filtered water, and also the presence absence Coli 
em. and 50-cu. em. portions the filtered water. 


TABLE PER CENTIMETER WHICH 


Settled Av. Cl. Coli PRESENT: 
| 
17 | 61 000 Beacon 70 22 0 0 
19 77 000 3 600 255 28 Sa 0 + 
2 | 44 000 1 650 43 21 0.78 0 oe 
21 53 000 | 6 200 68 1 1.00 0 0 
22 | 80 000 | 1 400 52 40 0.42 + + 
23 20 000 1 OUD 46 7 0.27 0 0 
26 18 000 118 6 1 0.16 0 0 
2 2 500 12 15 0 0.40 0 +4 
28 6 000 350 11 1 0.17 0 0 
30 4 500 106 21 4 0.27 0 0 
31 | 8 400 | 228 10 6 0.28 0 fe 


There was considerable variation the application hypochlorite 
because irregularity pumping, and also account some 
difficulties with the dosing device. 

Daily analyses were made for the determination Coli 
em. portions the river water and 1-cu. and 50-cu. 
portions the filtered water, according the following procedure: 

(1).—The filtered and river water samples, 1-cu. portions, 
were plated lactose azolitmin Parietti agar, and after incubating 
hours 37° cent. four characteristic colonies, when present, were 
inoculated agar slopes. From the slopes they were transferred into 
fermentation tubes lactose bile (1% lactose and peptone). 
25% gas developed the bile tube, then full determinative tests 
for Coli were made according the procedure outlined “Standard 
Methods Water Analysis.” 

(2).—The samples, em. portions, were also inoculated into 
fermentation tubes dextrose broth and lactose bile. The bile tubes 
were incubated hours 37° cent., and any gas developed lactose 
azolitmin Parietti agar plates were poured. Whenever present, char- 
acteristic colonies were transferred agar slopes and tested for 
Coli. The dextrose broth tubes were incubated 37° cent. for 
hours and plates were poured from tubes showing gas. the tubes 
showed gas but had turbidity then cu. em. the broth was 
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transferred into lactose bile tube and incubated hours, plates being 
made the tubes developed gas. All plates were fished, and cultures 
were treated Procedure 

(3).—Samples the filtered water, 50-cu. portions, were 
mixed with cu. em. enrichment medium solution dextrose 
broth five times normal strength). The mixture was incubated 
37° cent. for hours, and then cu. the solution was trans- 
ferred into lactose bile fermentation tube which was cared for the 
same way Procedures and 

Table shows the number times that Coli were isolated from 
the river and filtered water from April 1st, 1909, January 1910. 

The filtered water, except one two occasions, has never given 
more than bubble gas dextrose broth lactose bile, and 
red colonies were ever found lactose azolitmin Parietti agar. 
Dextrose broth tubes show some turbidity times, and trans- 
ferring cu. cm. the broth into lactose bile fermentation tube, 
there was sometimes obtained more than 25% gas production; and 
twelve occasions during the year was possible isolate Coli from 
em. portions the filtered water the foregoing method. 
From 50-cu. em. portions the filtered water, Coli were isolated 
times during the year, and different days. Coli were found 
present 1-cu. em. portions the river water 71% the time. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


HENRY FURLONG BALDWIN, Am. Soc. E.* 


June 1909. 


Henry Furlong Baldwin died apoplexy, Seattle, Wash., 
June 17th, 1909. his death the Engineering Profession has sus- 
tained the loss eminent and forceful engineer, many members 
this Profession, both young and old, have lost strong and helpful 
friend, and the members his family dutiful brother, kind and 
loving father, and affectionate husband, for Mr. Baldwin was some- 
thing more than fine engineer, was every inch man. 

was born 1862, the second nine children, Anne Arun- 
del County, Maryland, sturdy parents Scotch-Irish and English 
descent. was educated the public schools, the Anne Arundel 
Academy, and the Massachusetts Institute Technology, from 
which was graduated 1884, the mechanical engineering 
course. married Miss Pauline duPont, Louisville, Ky., who, 
with three children, Paulina, Henry, and Meta, survives him. 

After graduation, Mr. Baldwin chose enter railroad work, and 
his first engagement was the Cincinnati Division the Louisville 
and Nashville Railroad until 1885. For brief period afterward 
was Rail Inspector various steel mills. From 1885 1887, 
was Supervisor Track the Knoxville Branch the Louisville 
and Nashville Railroad, and for short time 1887 Roadmaster 
the Pensacola and Atlantic Division the Louisville and Nashville 
line. From 1887 1889, was Roadmaster the South and North 
Alabama Division the Louisville and Nashville, Birmingham. 

From August, 1889, March, 1890, Mr. Baldwin was Roadmaster 
the Delaware Division the New York, Lake Erie and Western 
Railway. From 1890 1894, was Chief Engineer the Chicago 
and Eastern Illinois Railroad. this time large portion 
this road was rebuilt, involving great deal heavy work the way 
new masonry and bridge construction and reduction grades, 
also the construction several new branch lines. 

May, 1894, Mr. Baldwin became Chief Engineer the Chicago, 
Peoria and St. Louis Railway Company Illinois, Springfield, 
which position held until accepted that Engineer Mainte- 
nance Way with the Erie Railroad, with office Jersey City, 
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remained with the Erie until April, 1900, when became Chief 
Engineer the Chicago and Alton Railroad, with office Chicago. 

Chief Engineer the Chicago and Alton Railroad, Mr. Bald- 
win had charge track maintenance, grade reduction, double-track 
construction, and the general rehabilitation the property during 
left the railway field and took position Vice-President the 
duPont Powder Company, charge the Smokeless Powder Depart- 
ment, with office Wilmington, Del. After three years service 
with this company, was appointed Chief Engineer the Oregon 
and Washington Railroad, the Harriman lines, with headquarters 
Seattle, which position held the time his death. 

Mr. Baldwin was man forceful character and fine executive 
ability. had keen sense humor, and frank, strong, manly 
qualities which easily won respect, confidence, and friendship. 
loved and show hospitality the young men who 
worked for him. When his assistant engineers came off the road 
report him, would not permit them hotels, but opened 
his home them, and his delightful family made them welcome. 

The writer was proud the personal friendship Mr. Baldwin. 
For the last four years, has occupied the position the Alton, 
which was held long Mr. Baldwin, and has reason every day 
his professional life feel thankful for the character the 
structures built and for the durable work done this conscientious 
and thorough engineer. 

Mr. Baldwin was Member the Western Society Engineers, 
the Chicago Club, the Manhattan Club New York City, and 
the Rainier Club Seattle, Wash. 

Mr. Baldwin was elected Associate Member the American 
Society Civil Engineers, December 7th, 1892, and Member, 
February 6th, 1895. 


CLIFFORD BUXTON, Am. Soe. E.* 
Diep JANUARY 12TH, 1910. 


Clifford Buxton was born June 15th, 1844, Warren, Me. 
was the only son Doctor Benjamin Buxton, who was promi- 
nent the medical profession his State, having gained renown, 
Mexico and the South, fighting the dreaded disease, yellow fever. 
Clifford Buxton was recognized bright boy, and early became 
interested the study mathematics. Through error the part 
his father purchasing for him Smith’s Trigonometry and Sur- 
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veying, instead algebra, became interested that took 
surveying, thus beginning his professional career. the age 
fifteen, and his chum, the late Frederic Vaughan, Am. Soc. 

E., who, later years, became eminent bridge engineer, suc- 

ceeded securing old surveyor’s compass and four-rod chain 

with which they made surveys every lot their native village. 

1861, Mr. Buxton was Chainman survey public lands 
Northern Maine. September, 1862, entered Rensselaer Poly- 
technic Institute, from which was graduated with high standing 
July, 1865. 

Shortly after his graduation Mr. Buxton entered the service the 
Troy and Boston Railroad Company (now part the Boston and 
Maine), first Leveler, and afterward Draftsman. the spring 
1866 was engaged Draftsman for the Pittsburg, Fort Wayne 
and Chicago Railway Company, and, being desirous getting ex- 
perience construction, accepted position Leveler for the 
Cleveland and Mahoning Railroad (now part the Pennsylvania 
Lines), work proposed extension the line from Youngstown, 
Ohio, Pittsburg, Pa. this time, however, only the surveys were 
made. July, 1866, was appointed Assistant Engineer, under 
William Searles, Am. Soc. E., the Allegheny Valley Rail- 
road, then being extended Franklin, Pa., which service terminated 
with the completion the division under his charge. 

October, 1867, Mr. Buxton was engaged Leveler the pre- 
liminary surveys for the Knox and Licking Railroad (now part 
the Maine Central), after which was appointed Principal 
Assistant Engineer charge the location and construction thirty 
miles the same road; this was completed 1871. 

July, 1871, was appointed United States Assistant Engineer 
charge the surveys Horse Shoe Shoals, Delaware River, under 
Lieutenant-Colonel Kurtz. resigned this position accept 
that Principal Assistant Engineer the Cleveland, Mount Vernon 
and Delaware Railroad (now part the Pennsylvania Lines, West), 
where remained until the completion the railroad. July, 
1874, was appointed Assistant Chief Engineer the Scioto Valley 
Railroad (now part the Norfolk and Western), then under construc- 
tion, remaining until the completion the road. 

May, 1879, Mr. Buxton became Assistant Chief Engineer the 
Columbus and Sunday Creek Valley Railroad (now part the Toledo 
and Ohio Central Railway). February ist, 1881, was elected 
Chief Engineer the Toledo and Ohio Central Railway, which 
position held until his death January 12th, 1910. also 
served Chief Engineer the allied railroads, the Kanawha and 
Michigan Railway, until July, 1909, and after July, 1909, the Zanes- 
ville and Western Railway. 
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Mr. Buxton was married Miss Lucinda Andrews, Warren, 
Me., December 9th, 1868. was Thirty-second Degree Mason 
and member the Order the Mystic Shrine. 

Mr. Buxton was one the pioneer engineers railroad building 
the East and Middle West. Many monument his career, 
the way masonry bridges, yet remains several the trunk lines 
bespeak his ability. was engineer exactness, man few 
words, strong character, and personality which marked him 
individual. said Mr. Buxton that could impart more 
information few pencil notes than another man could lengthy 
letters. 

survived his wife and daughter, his only child, Mrs. 
Hubert Turner, Boston, Mass. 

Mr. Buxton was elected Member the American Society Civil 
Engineers May 6th, 1885. 


WILSON CROSBY, Am. E.* 


1904. 


Wilson Crosby, son William Chase Crosby and Harriet Chase, 
was born Atkinson, Me., October 18th, 1834. was the eldest 
son the eighth generation from Simon Crosby who settled Bil- 
lerica, Mass., 1635, having come the United States from Lan- 
England. The family traces back 1204. 

Wilson Crosby received his education through the schools. 
1851, entered Rensselaer Institute, Troy, Y., 
and was graduated from the four-year course Civil Engineering, 
after three years’ work, 1854. practiced his profession with the 
New York and New England Railroad Company, Connecticut; with 
the Maine Central Railroad, and with the European and North Amer- 
ican Railroad, Maine; with the New York, Utica, and Ogdensburg 
Railroad; with the Racine and Mississippi Railroad; with the Canada, 
Michigan, and Chicago Railroad; with the Spring Hill and Parsbor- 
ough Railroad; and also the Poughkeepsie Bridge approaches. For 
many years was associated with Mr. Luther Eaton, “Eaton 
and Crosby,” Bangor, Me. 

the outbreak the Civil War, Mr. Crosby was put charge, 
for the Government, some construction Fort Knox, Maine. 
soon, however, helped raise company infantry, and went into 
active service Second Lieutenant, Company 14th Maine Volun- 
teers. served until mustered out September 25th, 1865, when 
resumed the practice his profession New York City and else- 
where. was connected for time with work Central Park and 
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also Riverside Drive. Later, Division Engineer, had charge 
part the construction Prospect Park, Brooklyn, 
that porition known “The Plaza.” 
1882-83, company proposed build underground railroad 
and street under Broadway, New York City, and Mr. Crosby was 
made Chief Engineer. Plans for “The Arcade” were prepared under 
his direction, but the capital_not being forthcoming, the scheme 
abandoned. 1887, was selected jointly the New York and 
New England Railroad and the New York, New Haven and Hartford 
Railroad Companies act Chief Engineer for both companies 
the abolishment the grade crossings Hartford, Conn., which’ 
through successful Such work was new 
then, and precedents for details were correspondingly scarce. The 
80-ft. plate girders spanning Asylum Street were considered curiosi- 
ties. 
Mr. Crosby’s father had died 1880, and had left his executor- 
ship several thousand acres timber lands. About this time (1888), 
became evident that would have devote practically his entire 
time caring for this property, the lands would have disposed 
of, probably considerably less than their true value. The 
was shared his stepmother, his sister, and two brothers. With 
characteristic self-sacrifice, thereupon made his decision, abandoned 
his beloved profession, which was just beginning feel that 
had won substantial footing, and, Bangor, Me., devoted his entire 
time caring for the property which meant much others. With 
his usual thoroughness, performed his new work and eventually 
made success it, though, for many years, the comparisons between 
his actual conditions and those which appeared promising 
his profession the time his leaving were sharp. Quietly and 
unobtrusively his deeds established for him such record upright- 
ness, good judgment, honesty, and generosity, that many sought his 
help and advice business affairs, and much property was entrusted 
his guardianship. His business interests lay mostly timber 
lands, and early realized the dangers forest destruction. The 
Maine Lumbermen and Land Owners Association served faithfully, 
being one its originators, and, for eight years, its Secretary and 
Treasurer. was one the first demand the improved method 
sawing rather than axing down trees. His plan met with much 
ridicule first, but clearly saw the advantages, patiently persisted, 
and finally had the satisfaction seeing his ideas generally adopted. 
For some time before his death, Mr. Crosby’s health showed the 
strain had undergone his unselfish devotion duty and unre- 
mitting attention business affairs. His physicians advised him 
take complete rest, but his feeling responsibility for the trust 
reposed him his father, and his belief that his utmost efforts 
were still necessary fulfill that trust properly and protect the 
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property from the ravages those who sought despoil through 
technicalities, made him unwilling consider himself. October, 
1904, was finally persuaded his family remove the residence 
his son Baltimore, Md., but his death from uremia followed 
within two months. 

Engineer, Mr. Crosby possessed attainments excep- 
tionally high order, much higher than the opportunities afforded his 
limited practice profession allowed him demonstrate. His 
native modesty and diffidence, together with the interruption his 
professional work referred to, prevented the proper exemplification 
his abilities the world large, though they were well known his 


intimates. combined, superlative degree, knowledge, 


oughness, honesty, and energy. While his professional acquaintances 
and work will bear witness these statements, probably his greatest 
contribution the Profession and the common weal came from his 
kindly and improving influence those fortunate enough have 
been his subordinates co-workers. 

November, 1871, Mr. Crosby married Miss Hannah Adelaide 
Seaver, daughter William Whitney Seaver, Brooklyn, 
They had two children, Miss Gertrude Crosby and Walter Wilson 
Crosby, Am. E., who, with Mrs. Wilson Crosby, now live 
Baltimore, Md. 

Mr. Crosby was Member The Sons the American Revolu- 
tion, the Loyal Legion, and Past Commander Hannibal Ham- 
lin Post, R., which was one the founders. Mr. Crosby 
was man unusually high character, and his qualities heart and 
mind endeared him the highest degree those who were favored 
with his intimate acquaintance. For many years was leading 


spirit and substantial support the Unitarian Church, Bangor, 
Me. 


His epitaph reads: 


“An upright, honorable, unpretentious, Christian gentleman: 
has left inspiring example usefulness, kindliness, and ability, 
and unblemished record modest and true worth.” 


Mr. Crosby was elected Member the American Society 
Civil Engineers, September 15th, 1869. 


JOHN HALL EMIGH, Am. Soe. E.* 


January 1910. 


John Hall Emigh was born Malta, Saratoga County, New York, 
November 19th, 1850. was the son William and Eliza 
(Hall) Emigh. 
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After finishing his elementary education, attended the State 
Normal School Albany, Y., from which was graduated 
1871. From 1871 1876 taught district April, 1876, 
became student the Rensselaer Polytechnic Institute, from 
which was graduated June, 1879, with the degree 

The record Mr. Emigh’s professional engagements follows: 


1879—Rodman the Chicago and Alton Railroad 

1880-81—Engineer and Draftsman for the Saratoga Victory Manu- 
facturing Company, Victory Mills, 

and Draftsman the survey the Boston, 
Tunnel and Western Railroad, Western Division. 

1883-96—Instructor the Departments and Sur- 
veying the Rensselaer Institute. 

Engineer North Adams, Mass. 

1903-10—Engaged private practice hydraulic and municipal 
work the vicinity North Adams, Mass. 


Mr. Emigh was actively engaged his professional work within 
twenty-four hours his death. Always having had good health, 
had great capacity for work, and thoroughly enjoyed the active life 
which led. 

Taking the municipal work North Adams, Mass.; when 
became city, solved with care and skill the many troublesome 
problems which arose. 

Mr. Emigh’s friends will always remember him Christian 
man, ever ready help words and deeds every good cause civic, 
charitable, church, social work. his private life, his pro- 
fessional work, was reliable, clean, and straightforward. 
ness, loyalty, and faithfulness the performance every duty, char- 
acterized his teaching and his professional work. 

The esteem felt for him those who were associated with him 
well expressed one the Commissioners the Greylock Reser- 
vation, the engineering work which was under Mr. Emigh’s charge, 
follows: 


those who know Mr. Emigh the news his death came like 
bolt from clear sky. His was most attractive personality. Thought- 
ful, conservative, the best training, kindly manner, impressed 
all with whom came contact with his rugged honesty. his 
chosen profession was diligent, skillful, and his ovinions were 
weighted with care and carefully stated. was pleasure 
associated with him any undertaking. had that broad common 
sense that could grapple with any problem presented. 
was the type man that every community needs. Above all was 
Christian gentleman. shall miss Mr. Emigh.” 


March 3d, 1880, Mr. Emigh married Emma Allen, daughter 
David Allen, Malta, His wife and one son, William 
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Emigh, graduate the Rensselaer Polytechnic Institute the class 
1909, survive him. 


Mr. Emigh was elected Member the American Society Civil 
Engineers, April 3d, 1901. 


HENRY CYPRIAN HUMPHREY, Am. Soc. E.* 


Diep 7TH, 1909. 


Henry Cyprian Humphrey, son Cyprian Nicholas and Louise 
Davies Humphrey, was born Ogdensburg, Y., November 14th, 
1859. After his father’s death, 1860, the family moved Hartford, 
Conn., the home his grandfather, Lemuel Humphrey, who was 
one the oldest settlers and most influential citizens that city. 

After going through the public schools Hartford, Mr. Hum- 
phrey entered the Rensselaer Polytechnic Institute, from which 
was graduated, 1887, with the degree After receiving his 
degree, was appointed Assistant Engineer the Rome, Watertown. 
and Ogdensburg Railroad, and remained with that road until was 
merged with the New York Central and Hudson River Railroad. 

was then made Assistant Engineer the Department Public 
Works the State New York, which position held until over- 
work obliged him take vacation. This vacation was spent 
traveling through the Northwest, Alaska, Arizona, Cuba, Mexico, and 
South America, where made extensive collections minerals and 
flora. The excavations made him the country the Cliff 
Dwellers made his collection rank among the most complete amateur 
collections extant. 

1903, Mr. Humphrey was appointed District Engineer the 
Philippine Islands, Lucena, Tayabas Province, Tayabas, ete. 
remained the Islands this taking vacation, until 
the winter 1908, when his failing health rendered rest and change 
climate necessary. 

Returning the United States, Mr. Humphrey spent quiet year 
with relatives Odessa, Y., endeavoring recuperate 
the position the Philippines which was held open for him. 
suddenly became much worse, however, and passed away 
December 7th, 1909. 

Mr. Humphrey was Member the Delta Phi Club New York 
City, the South American Exploration Company, and was Free 
Mason. 

his work his chosen profession, Mr. Humphrey was second 
none, holding the respect all who knew him business 


Memoir prepared Miss Harriet Fairchild Blodgett. 
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capacity, and the love, admiration, and loyalty all whom honored 
with his friendship, for 


“His was the most tender, true, and noble soul 
That ever trod this world ours man.” 
Mr. Humphrey was elected Associate Member the American 


Society Civil Engineers September 4th, 1901, and Member 
October 3d, 1905. 


HENRY MAYNADIER STEELE, Am. Soc. E.* 


1909. 


Henry Maynadier Steele was born Baltimore, Md., September 
26th, 1865, and died Asheville, C., July 5th, 1909. was 
son Isaac Nevett and Rosa (Nelson) Steele, Baltimore. 
1882, was graduated from the Shenandoah Valley Academy, 
Winchester, Va., valedictorian his class. Then for two years 
attended the Massachusetts Institute Technology special 
student. 

Mr. Steele began his active business career 1885, with the 
Baltimore and Ohio Railroad, with which company occupied various 
minor positions the Engineering and Maintenance Way Depart- 
ments, until 1887, when entered the service the New York, Lake 
Erie and Western Railroad Company (now the Erie Railroad Com- 
pany) Assistant Engineer the work double-tracking the 
Northern Railroad New Jersey from Bergen Junction Cresskill. 

From 1887 1890, was charge the following work the 
New York, Lake Erie and Western Railroad: The reconstruction 
the Hackensack River draw-bridge the main line; the construction 
the East Buffalo coal storage plant; the double-tracking the 
Jefferson Branch the Erie Railroad; the reconstruction the Dela- 
ware River crossing Hancock; the construction second-track 
the Northern Railroad New Jersey, from Cresskill Sparkill; 
preliminary and location surveys and estimates for proposed rail- 
road from Buffalo Tonawanda, Y.; and surveys and estimates for 
proposed railroad from Carbondale Honesdale, Pa. For portion 
this time, was also detailed Roadmaster the Delaware 
Division. 

December, 1890, Mr. Steele was advanced the position 
Principal Assistant Engineer the same road, which capacity 
had charge all detail work the Chief Engineer’s Department. 
During this time also had charge the reconstruction the 
Chambers Street and Pavonia Avenue ferry racks, North River; and 
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Pier No. Shed No. and crib bulkhead and box sewer Jersey 
City. The design and installation interlocking and block signaling 
plants were also included his.general work; and, August, 1891, 
made detailed inspection and report all plants the New York, 
Pennsylvania and Ohio Railroad and the Chicago and Erie Railroad, 
now parts the Erie Railroad system. For some months, the latter 
part 1892, was charge the Engineering Department the 
New York, Lake Erie and Western Railroad, during the absence the 
Chief Engineer. 

Mr. Steele resigned January, 1893, establish the Southern 
Agency the Hall Signal Company, with headquarters Baltimore, 
Md., which position held until April, 1894, when ill-health necessi- 
tated the stoppage all active work for some time. 

the spring 1894, moved Asheville, where for three 
years was consulting engineering practice. was during this 
period that was invited the Society prepare paper, 
read the Twenty-sixth Annual Convention Niagara Falls, Y., 
the subject block signaling, but sickness prevented its final 
completion. 

His health improving, October, 1897, Mr. Steele was appointed 
Civil Engineer the Central Georgia Railway Company, reporting 
the Vice-President. this directed surveys and record 
maps all terminals that road, well the construction the 
Andalusia extension the Mobile and Girard Railroad. designed 
the plant the Compress Company Dotham, Ala.; con- 
structed the Porterdale and Milledgeville Asylum spurs; and made 
report and appraisal the Kansas City Southern Railway and 
the Hawkinsville and Florida Southern Railway. addition his 
other duties this time, directed, Chief Engineer, preliminary 
and surveys, estimates, the Atlanta Belt Line. 

November, 1900, Mr. Steele was appointed Chief Engineer 
the Central Georgia Railway; and under his charge considerable 
work the revision grades and alignment was executed; many 
bridges were replaced with heavier structures; depots and warehouses, 
the freight warehouse Atlanta, Ga., and the passenger 
depot Columbus, Ga., were rebuilt; the Henry Ellen Branch was 
extended into the Cahaba coal fields Alabama; the Fort Oglethorpe 
and Army spur was built; and the Greenville and Newman Railway 
was partially completed. During this time was also frequently 
consulting engineer connection with the design and 
valuation compress plants Alabama and Mississippi. 

July, 1906, was appointed Chief Civil Engineer 
White and Company, Incorporated, New York City, charge all 
civil engineering matters, with headquarters New York City, which 
position held the time his death. duties during this 
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period were general nature, involving consultations covering 
wide field engineering; investigations various projects, etc.; and 
also, administrative capacity, the carrying out the construc- 
tion work the Norfolk and Southern Railway, North Carolina, 
comprising miles railroad, well miles the Virginian 
Railway lines Virginia. 

the spring 1908, just after recovering from attack 
typhoid fever, Mr. Steele conducted, unassisted Counsel, very 
arduous arbitration proceeding the case White and Com- 
pany, Incorporated, vs. the Norfolk and Southern Railway Company. 

February, 1894, married Miss Margaret Hollins McKim, 
Baltimore, who, with three children, survives him. 

Mr. Steele was able, energetic, and efficient engineer; man 
sterling character; with the highest ideals courtesy, honor, and 
integrity. had the confidence and esteem all who came 
contact with him. With the exception few years illness, his 
entire life was devoted his profession, and his untimely death cut 
short career that gave promise still further honor and success. 

Mr. Steele was Member the American Railway Engineering 
and Maintenance Way Association; the Forestry Association; the 
National Geographic Society; and the Engineers’, New York 
Athletic, and Rockaway Hunting Clubs. 

was elected Associate Member the American Society 


Civil Engineers April 5th, 1893, and Member December 6th, 
1899. 


JOHN JOSEPH HORAN, Assoc. Am. Soe. E.* 
Diep 9TH, 1909. 


John Joseph Horan was born New York City, 1866. His 
father, John Horan, was resident Long Island City, where, for 
number terms, held the office City Treasurer, and where, for 
many years, his family was active social and business life. 

Mr. Horan was only son, and received his education the 
schools New York City and Cooper Union. 1887 became 
Superintendent the Chemical Fertilizer Company, Brooklyn, 
Y., and continued this position until 1890, when became 
Engineer Charge Construction the works the Clinton 
Metallic Paint Company, Clinton, afterward became 
Superintendent Charge the operation these works. 

1896 took charge the construction the petroleum refining 
plant the Empreza Industrial Patrolio, Rio Janeiro, Brazil. 
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From 1898 1905, was Superintendent the extensive plants 
Wilson Sons and Company, Limited, London, England, Rio 
Janeiro and Bahia, Brazil, involving the operation stone quarries, 
coaling stations, repairs ships, tugs, and lighters, building sea 
walls, maintenance docks, wharves, etc. 

1905, Mr. Horan returned New York City, and after spending 
few months Inspector connection with the construction 
the Pennsylvania Railroad tunnels under the North River, obtained 
position with the Board Water Supply, the construction force 
for the new Catskill Aqueduct. the time his death was 
charge the borings for the proposed water distribution tunnel 
under New York City. 

Mr. Horan’s death occurred November 9th, 190°, while was 
short vacation the Maine woods. While talking friends 
the door the camp where was staying, heart failure overtook him, 
and death came instantly. Apparently, had been the best 
health and was the prime life. 

Mr. Horan had that habit mind which characteristic the 
successful engineer: painstaking attention details, love 
and fair share inventive genius. had invented 
number mechanical contrivances which proved value the 
operation paint and cement mills. had perfected rotary steam 
engine which operated with high efficiency. was also responsible 
for the apparatus used the Board Water Supply determine the 
condition rock strata soundness deep-rock borings along the 
line the Catskill Aqueduct. was thoroughly absorbed his 
work, and, had not death suddenly cut short his career, his con- 
tinued success and honored position his profession were assured. 

Mr. Horan was unmarried, and, with the exception one sister, 
left immediate family. was disposition which made friends 
wherever went, and those who knew him are unanimous their 
testimony his high character gentleman, his scrupulous integ- 
rity all his transactions, and his faithfulness and generosity 
friend. 

Mr. Horan was elected Associate Member the American 
Society Civil Engineers October 7th, 1908. 
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THE NEW YORK TUNNEL EXTENSION THE 

PENNSYLVANIA RAILROAD. 
MEADOWS DIVISION AND HARRISON TRANSFER 
YARD. 


The New York Tunnel Extension Pennsylvania Railroad 
diverges from the New York Division the Town Harrison, J., 
and, 0.5% grade, crosses over the tracks the New 
York Division and the main line the Delaware, Lackawanna and 
Western Railroad. Thence continues, with light undulating grades, 
across the Hackensack Meadows point just east the Northern 
Railroad New Jersey and the New York, Susquehanna and Western 
Railroad, where descends the tunnels under Bergen Hill and the 
North River. (Plate 

That portion the line lying west the portals the Bergen 
Hill Tunnels has been divided into two sections: First, the most 
westerly, known the Harrison Transfer Station and Yard, which 
the southern side the New York Division, Pennsylvania 
Railroad, and extends from the connection with the New York Division 
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tracks grade the point crossing the same, where the 
Pennsylvania Tunnel and Terminal Railroad has its beginning; second, 
the Meadows Division the Pennsylvania Tunnel and Terminal Rail- 
road, which double-track railroad, 5.08 miles long, extending from 
point just west the bridge over the New York Division point 
300 ft. west the western portals the Bergen Hill Tunnels. 
(Plate 

Harrison Transfer Station and Yard.—The necessities for the 
Harrison improvements are two-fold: First, place change motive 
power from steam electric, and vice versa; second, transfer for 
passengers from trains destined the new Station Seventh Avenue 
and 33d Street, New York City, steam rapid transit trains des- 
tined the present Jersey City Station, the lower part New 
York City via the Hudson and Manhattan Tunnels, and vice versa. 

All steam trains from Philadelphia, the South, and the West, from 
New Jersey seashore resorts, and local trains the New York 
Division bound for the new Pennsylvania Station, will change their 
motive power from steam electric engines the Harrison Transfer 
Station. Likewise, all trains from the Tunnel Line will change from 
electric steam motive power there, and passengers coming from 
Jersey City and the southern section New York City can take 
through trains the Harrison Transfer platforms. estimated 
that the time required make this change motive power, 
transfer passengers, will not exceed min. 

The plan Harrison provides present for two platforms, each 
1100 ft. long and ft. wide, and having ample shelters and waiting 
rooms, connected 12-ft. tunnel under the tracks, provision being 
made for two additional platforms when necessity requires their con- 
struction. The platforms are supported walls reinforced con- 
crete, with overhang provide refuge for employees from passing 
trains. The concrete walls are supported wooden piles, prevented 
from spreading tie-rods 10-ft. intervals, and embedded 
under the paving the platform. the elevation the top 
the platform and the top the piles +14.54 above 
mean tide, the piles will, course, decay; but, the embankment has 
been completed for some time and well packed and settled, the con- 
crete being deposited directly the embankment, very little trouble 
from settlement anticipated when the piles decay. The surface 
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the platforms, with the exception the edges, brick, 
concrete base; and, settlement occurs, the bricks can taken 
and re-surfaced. The tops the platforms are ft. in. above the 
top the rail and level with the floors the that 
passengers may enter leave trains without using steps, all cars 
which will enter. the Pennsylvania Station, New York City, are 
provided with vestibules having trap-doors the floor give access 
either high low platforms. Details the platforms are shown 
Plates and LXXIV. 

planned present, there will four main running tracks, one 
adjacent each side the two platforms, providing standing room 
for four the longest trains, two each direction, double the 
number trains ordinary length, that passengers having 
tranfer from train destined the Pennsylvania Station 33d 
Street train destined for the Jersey City Station the Hudson 
and Manhattan Tunnels will merely cross the platform. Between the 
two interior main tracks are two shifting tracks, that between the 
platforms there will two passenger tracks which trains will stop 
change motive power and transfer passengers, and two shifting 
tracks for rapid despatching the empty engines and motors, each 
the four tracks being ft. from center center allow for un- 
coupling and inspection cars. 

efficient system connections and cross-overs provided for 
all tracks, ample storage capacity for steam engines 
the western end the platforms and electric motors the 
eastern end, both which are conveniently located for quick move- 
ment, with provision for additional storage tracks, required. Steam 
engines, upon being disconnected, can quickly sent the main 
engine storage yard, and the use loop track turntable 
required. The main engine storage yard located south the run- 
ning tracks adjoining the bulkhead along the Passaic River, where 
provision made for the storage engines. There are two 
000-gal. water tanks, ash-pit, inspection-pit, work-pit, sand- 
hopper, and the necessary buildings. Water brought from the city 
water main the Meadows Yard, the New York Division, about 
8200 ft. eastward from the center this yard. 

was first planned locate power-house and car and engine 
repair shops the yard, but the ultimate extent the electrifica- 
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tion the New York Division cannot now determined, the facili- 
ties the large power-house Long Island City, and the shop and 
round-house the Meadows Yard the New York Division, were 
increased provide for the power and repairs necessary for the next 
few years. order reach the Meadows shops and round-house with- 
out interfering with the present passenger and freight tracks, was 
build track connections with the Meadows Yard. Twelve 
stalls the existing round-house were extended accommodate the 
motive power; large transfer table and pit were increased size, and 
additional ash-pit and engine storage tracks were constructed. 

Any extensive repairs the electric engines will made for the 
present the Jamaica Shops, Long Island; and the large shops 
Trenton, the New York Division, well the Meadows Shops, 
will available for repairs the steam locomotives. There ample 
room Harrison, and plans have been prepared providing for storage 
and light repair cars, locomotives, electric motors, and rapid transit 
trains, the future demands require such construction this place. 

The rapid transit line will extend from Park Place, Newark, 
Harrison, and thence over the present line the Pennsylvania Rail- 
road, which will electrified, junction with the Hudson and 

Manhattan Railroad Company’s tunnel tracks Prior Street, Jersey 
City. will constructed and owned the Pennsylvania Railroad 
Company. joint and frequent through service will conducted 
both companies between Park Place, Newark, and the terminal the 
Hudson and Manhattan Railroad, New York City, the use 
multiple-unit trains similar those now being operated the Hudson 
and Manhattan tunnels. These trains will pick and discharge 
Pennsylvania Railroad passengers the Harrison Transfer Station, 
that all passengers bound for lower New York City, who desire use 
the tunnel service, will make the change Harrison instead 
Jersey City present. Provision made for two additional plat- 
forms, each 1100 ft. long, accommodate the rapid transit trains 
when the present platforms prove inadequate. The existing passenger 
tracks between the Harrison Transfer Yard and Summit Avenue, 
Jersey City, where new local passenger station will constructed, 
will used jointly steam and electric trains. 

The embankment for the Harrison Yard was made, under contract 
dated July 21st, 1906, with Henry Steers, Incorporated, New York 
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City, cellar earth from New York City, and with rock and earth 
excavated from the Pennsylvania Station and cross-town tunnels. 
was necessary construet 1000 ft. stone and crib bulkhead along 
the bank the Passaic River. The plan the yard was prepared 
committee operating, electrical, and engineering officers, consist- 
ing Mr. Sheppard, General Superintendent, New Jersey 
Division, Pennsylvania Railroad Company; George Gibbs, Am. 
Soe. E., Chief Engineer, Electric Traction and Terminal Station 
Construction, Pennsylvania Tunnel and Terminal Railroad Company; 
Mr. McCrea, General Superintendent, Long Island Railroad 
Company; Mr. Krick, Superintendent, Pennsylvania Tunnel and 
Terminal Railroad Company; Mr. Parker, then Principal As- 
sistant Engineer, New Jersey Division, Pennsylvania Railroad Com- 
pany, now Superintendent, Hudson Division; and approved Mr. 
Shand, Chief Engineer, Pennsylvania Railroad Company, and 
Chief Engineer, Meadows Division, Pennsylvania Tunnel and Termi- 
nal Railroad Company. 

Meadows Division, Pennsylvania Tunnel and Terminal 
The two main tracks ascending through the Harrison Yard continue 
embankment point 500 ft. west the west abutment the 
bridge over the New York Division tracks, which the point begin- 
ning the Pennsylvania Tunnel and Terminal Railroad. From this 
point the line extends general northeasterly direction, crossing the 
Hackensack River, skirting the base Snake Hill, and thence the 
approach cut Bergen Hill Tunnels. The embankment varies 
height from ft. above the surface the meadows. 

this Division the following bridges were necessary: 


Pennsylvania Railroad, New York Division, Passenger and Newark 
Freight Tracks; 


Delaware, Lackawanna and Western Railroad, Morris and Essex 
Division; 

Newark and Jersey City Turnpike; 

Service Corporation Right Way; 

Erie Railroad, Newark and Paterson Branch; 

Belleville Road, and Jersey City Water Company’s Pipe Line; 

Greenwood Lake Railroad (Erie Railroad), Arlington Branch; 

Hackensack River; 


Greenwood Lake Railroad (Erie Railroad), Reconstructed Line; 
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Delaware, Lackawanna and Western Railroad, Boonton Branch; 
Erie Railroad, Passenger Tracks; 

Bridge spans over proposed yard tracks, Erie Railroad; 
County Road; 
Secaucus Road; 

New York, Susquehanna and Western Railroad; 

Northern Railroad New Jersey. 


The alignment for this distance consists 3.57 miles tangent 
and three curves, two which are 30’ each, one the latter 
being the western end the Division, and the other adjoining 
Snake Hill; the third regular curve 54’ the east-bound 
track, and compound curve with maximum the west-bound 
track, the variation being due the track spacing ft. from 
center center the Bergen Hill Tunnels, while the Meadows 
Division ft. from center center. 

The profile was adopted give ft. clearance from the under 
side the bridges the top the rail the Erie Railroad branches, 
ft. the top the rail its main line, ft. the top the 
rail the Delaware, Lackawanna and Western Railroad, and clear- 
ance ft. above high water the Hackensack River. With the 
exception that portion the-line adjoining the Bergen Hill Tun- 
nels, where was necessary continue the 1.3% grade the 
bridge over the Northern Railroad New Jersey, and the east-bound 
ascending grade 0.5% from the Harrison platforms the bridge 
over the New York Division tracks, the grades not exceed 0.3 
per cent. 

When the construction the embankment was commenced, was 
expected that there would considerable trouble settlement due 
the displacement the soft material underlying the surface the 
meadows depth from ft.; but, with the exception the 
trouble the contractors had maintaining their temporary trestles, 
the embankment completed has settled very little. The section east 
the Hackensack River was made, great part, rock excavated 
from borrow-pit the Town Secaucus, north the eastern end 
the Division. The embankment was built under two contracts, one 
for the work east the crossing the Boonton Branch the Dela- 
ware, Lackawanna and Western Railroad, under contract dated 
January 15th, 1907, with Kerbaugh, Incorporated, the material 
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being taken from the borrow-pit narrow-gauge cars and dumped 
from strong pile trestle along the total length the section, the 
same being completed months; the other for the embankment 
west the Boonton Branch, Delaware, Lackawanna and Western 
Railroad, under contract dated April 10th, 1906, with Henry Steers, 
Incorporated, New York City, the material, consisting partly 
cellar earth, and partly rock and earth excavated from other sec- 
tions the Pennsylvania Tunnel and Terminal Railroad, being 
brought scows the Hackensack and Passaic Rivers from New 
York City. The material was handled expeditiously from the scows 
orange-peel buckets operated from the shore, deposited standard- 
gauge dump-cars, and transported locomotives one time used 
the elevated railroads New York City. excavation whatever 
was required the Meadows Division the Harrison Yard. 
The substructures for all the bridges, except the Hackensack River 
Draw-bridge, are concrete, without heavy enough 
withstand the ordinary earth pressure for the exposed height. With 
the exception three bridges, foundations were built clay and 
sand; these three, account excessive depth soft material, were 
built piles. some loose stone was deposited back the 


foundations for width ft. after the mud had been removed. 


This precaution has prevented trouble due the thrust the high 
embankments the saturated material. Masonry for all these bridges 
was constructed under contract dated August 21st, 1905, with 
len and New York City. The superstructure consisted 
principally half-through girders, floor filled solid with 
top which were placed five layers Hydrex felt, and 
water-proofing compound, protected layer sand and grouted 
brick from the stone ballast. 

The bridges over the New York Division passenger and Newark 
freight tracks the Pennsylvania Railroad, and the main-line tracks 
the Delaware, Lackawanna and Western Railroad, the west end 
the Meadows Division, are separated 300 ft. embankment. The 
skew angle 9°, the total length each bridge being about 450 ft. 
The floors consist embedded concrete. 

The Hackensack River Draw-bridge consists six spans deck 
plate girders, each 110 ft. long, and draw-span 300 ft. long, operated 
two 70-h.p. electric motors. The masonry was constructed under 
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contract dated August 25th, 1905, with the Drake and Stratton Com- 
pany, Philadelphia; and the steelwork was furnished and erected 
the Pennsylvania Steel Company, Steelton, Pa. important 
and interesting feature the draw-bridge the lift rail, and new 
rail-locking device. Mitered rails are used, with sufficient opening 
between the ends prevent binding times expansion. was 
deemed advisable that the mitered joint should the abutment, 
fixed span, instead the opening the end the draw. The 
lift rail, therefore, was necessity; and the design, shown Plate 
was perfected. consists lift-rails, ft. in. long, moving 
vertically in. the free end, both sides sliding 
steel castings, which are lifted with the rail; when the latter dropped 
place, the wedges the castings engage the abutment and heel 
joints and one intermediate point dove-tailed wedge seats, insur- 
ing tight contact with the rail, and absolute fastening the deck 
the bridge. The objection the ordinary lift-rail, which lowering 
must make its own joint seating tight boxes, has been that any 
slight deviation from true line would prevent the rail from seating 
itself properly. This objection has been entirely overcome this 
design, allowing liberal clearance all seats, and securing rigidity 
the sliding bars and wedges which are connected with the inter- 
locking system, that impossible for clear signal given 
unless the lift-rails and wedges are their proper positions. This 
device has been operated successfully the New York and Long 
Branch Railroad bridge over Raritan Bay for the last months. 

Each the two main tracks the Meadows Division, and all the 
main tracks the Harrison Transfer Yard, are standard construc- 
tion, with Pennsylvania Section, 1909, open-hearth steel rails, 
and stone ballast. Every fifth tie made ft. in. long, carry 
the third rail for the electric current, and all joints the running 
rails are bonded for the same purpose. Track-laying the Meadows, 
and Harrison Transfer Yard, has been done under contract dated 
April 26th, 1909, with Henry Steers, Incorporated, New York 
City. 

Samuel Rea, Am. E., Second Vice-President, Pennsyl- 
vania Railroad Company, the executive officer under whose direction 
the work has been on. Mr. William Brown, Chief Engineer, 
Pennsylvania Railroad Company, and Chief Engineer the Meadows 
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Division, also Member the Board Consulting Engineers for 
the tunnel extension, until his retirement age limit February 
28th, 1906, located and started the construction the line from 
Harrison the the Bergen Hill Tunnels, which 
latter point was the westernmost limit authority the Board 
Consulting Engineers. Mr. Shand succeeded Mr. Brown 
Chief Engineer the Pennsylvania Railroad Company, and Chief 
Engineer the Meadows Division, with the writer, who was Assistant 
Chief Engineer the Pennsylvania Railroad Company, and had been 
closely associated with Mr. Brown the time the location the 
line and its earlier period construction. Leonard, Am. 
Engineer Bridges and Buildings, Pennsylvania Railroad 
Company, designed the Hackensack River Bridge, the superstructures 
the other bridges, and the rail-locking device the Hackensack 
River Draw-bridge. The surveys and construction the Meadows 
Divison and the Harrison Transfer Yard have been charge 
Mr. William Bowles, Engineer Construction. 
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LOCOMOTIVE PERFORMANCE GRADES 
VARIOUS LENGTHS.* 


the location new railways and the improvement 
already operation, now well recognized that large economies 
can effected the careful study train resistance due grades 
and alignment, distributing this resistance secure minimum 
operation with the means available for construction. 

While engaged such studies some years ago the attention the 
writer was attracted the fact that the usual method calculating 
the traction locomotive—by assuming from 25% the 
weight the drivers—was subject small modification practice. 

order obtain working basis, for use relation this 
feature, undertook the collection data from the practical opera- 
tion various roads. Subsequent engagements entirely different 
direction caused this laid aside until the present time. The 
results are given Table from which will seen that the 
percentage driver weight utilized draft function the 
length well the rate grade encountered the practical opera- 
tion railways. 

this table, performance will found expressed 
centage the weight the drivers which utilized draft. This 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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prior 1880, this being the amount given the late Welling- 
ton, Am. E.,* and 4.7 Ib. per ton for those 1908-10, 
obtained Dennis, Am. Soe. assuming this differ- 
ence represent the advance practice from 1880 the present 
time. Most the data have been obtained from the “Catalogue 
the Baldwin Locomotive Works” for 1881, which have been added 
some later figures from “Record No. 65” the same establishment, 
and also some obtained the writer directly from the roads con- 
cerned. Being taken thus random, the results may accepted 
fairly representative American practice. 

Attention should directed the fact that the performance 
the 10-34 Consolidation locomotive the Lehigh Valley Railroad 
1871 practically equal that the latest Mallet compounds 
the Great Northern Railway. other words, the ratio between 
the ability produce steam and the weight the drivers there has 
been change the last forty years. This would indicate that the 
figures are not likely changed much long steam-driven 
locomotives are use. What will obtain with the introduction 
electric traction “another story.” 

These results have also been platted and are presented Fig. 
with the lengths grade abscissas and the percentages weight 
utilized ordinates. The curve sketched general 
average will show the conditions glance. The results may first 
sight seem irregular, but the agreement remarkable when the 
variety sources considered; that many cases the “reputed” rate 
grade doubtless given without actual measurement; that the 
results also include momentum, the ability utilize which depends 
the conditions grade, alignment, and operating practice which 
obtain about the foot each grade; and that the same amount 
energy due momentum will carry train further light grade 
than heavy one. 

There are four items Table which vary materially from the 
general consensus. For Item the authorities the road particu- 
larly state that their loads are light, because, owing the congested 
their business, their trains must make fast time. Item 
represents very old practice, certainly prior 1882, and “second- 
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hand.” The load consisted empty coal cars, and the line was very 
tortuous, that quite probable that the resistance assumed 
the far below the actual. Items and are both 
high. account for this, noted that this road has been 
recently completed, regardless cost the matter both track and 
rolling stock, and doubtless represents the highest development 
railroad practice. Its rolling stock all new, and probably 
better condition offer low resistance than will ever again, and 


DIAGRAM SHOWING PERCENTAGE WEIGHT DRIVERS WHICH 
UTILIZED TRACTION GRADES VARIOUS LENGTHS 
40% 


percentage weight drivers 


Traction, 


5 . 10 15 20 
Length continuous grade,in miles 


there were “foreign” cars the trains considered. train 
resistance, therefore, may naturally assumed much less than 
that roads hauling all classes cars, many which are barely 
good enough pass inspection. the grades are light both 
this feature train resistance larger than items including 
heavier grades. Attention should called the fact that line 
connecting the two points representing these items Fig. would 
make only small angle with the sketched curve, and would 
practically parallel similar line connecting the points represented 
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Items There is, therefore, agreement ratios, which 
all that needs consideration this discussion. 

Wellington, his monumental work railway location, presents 
table this character. The percentages weight the drivers 
which utilized draft show the greatest irregularity. does 
not give the length the grades considered, that impossible 
say how far the introduction this feature would have contributed 
bring order out the chaos. his discussion the table 
admits the unsatisfactory character the results, and finally decides 
25% rough average, “very approximately the safe operating 
load regular service.” further states that number results, 
which omits for want space, exceeds per cent. The highest 
shown Table will found Item (0.06 mile, 0.066 grade), 
showing per cent. There momentum effect here, the grade 
short incline extending down the river, and the start neces- 
sarily “dead” one. The reports Item which shows 31%, and 
Item which shows 27%, state specifically that the locomotives will 
stop and start the loads given any point the grade. 

The results series experiments reported Mr. Dennis 
his paper, “Virtual Grades for Freight Trains,” previously referred 
to, indicate utilization somewhat more than 23%, decreasing 
with the speed. 

All this indicates that the general failure locomotives utilize 
more than from 18% long grades, shown Table can 
only due the failure the boilers supply the necessary steam. 
While the higher percentage shown for the shorter grades may 
ascribed largely momentum present when the foot the grade 
reached, the energy due stored heat responsible for large 
portion it. 

When locomotive has been standing still, running with the 
steam consumption materially below the production, the pressure 
accumulates until reaches the point which the safety valve 
“set.” This means that the entire machine heated temperature 
sufficient maintain this pressure the boiler. When the steam con- 
sumption begins exceed the production, this temperature reduced 
point where the consumption and production balance. 

The heat represented this difference temperature has passed 
into the steam used, thus adding the energy supplied the com- 
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bustion going the furnace. The engines, therefore, are able 
considerably more work during the time -the pressure falling 
than they can after the fall has ceased. 

The curve Fig. would indicate that the energy derived from 
the two sources just discussed practically dissipated miles, 
though the position the points representing Items 16, 18, 19, 20, 
and would indicate that this takes place more frequently between 
and miles. From this point onward the performance depends 
the efficiency the steam production, which does not appear 
able utilize more than 16% the weight the drivers. The 
diagrams presented Mr. Dennis his paper virtual grades, 
and John Fulton, Am. Soe. E., his discussion that 
paper, indicate that similar results would shown were they extended 
include the distance named. 

From this would appear that locomotive capable hauling 
larger train grades than miles length than longer 
grades, and that, even when unexpectedly stopped, capable 
starting again soon the steam pressure sufficiently built up. 
Conversely, should practicable use higher rate ascent 
shorter grades any given line without decreasing the load which 
can hauled over it. other words, what known the “ruling 
grade” function, strictly speaking, the length well the 
rate grade. 

any discussions the practicability using higher rate 
the short grades, which the writer has seen, the most valid 
objection has appeared the danger stalling and consequent 
delay. far momentum relied on, this objection valid. 
Within the limits the load which can handled the steam, 
has small value, only question waiting few minutes 
until the pressure can built the point which the load can 
handled. this need only occasional occurrence, not 
balanced against any material saving cost construction. 

The writer does not know any experiments which will throw 
much light the value heat storage separated from momentum, 
though the following discussion may prove suggestive: 

train moving rate ft. per sec., and reaching the foot 
grade, will have acquired “velocity head” 56.7 ft., equivalent 
stored energy 56.7 2000 113 400 ft-lb. per ton. 0.002 
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Reporting Source Data. Remarks. 
Newell Tilton, Catalogue, 1881, 134 
artin, 1879 1881 * 100 
Stops and starts any point 
(Cc. W. Rogers, “ “ 
Gen. Mgr. 1879 
Pocket Book, Ed. cars; Many curves and 
1878 1881, 86/12 miles per hour. 
Engineering News, Jan. 13, 1910. 
Trautwine’ Pocket Book, Ed. 
News, Jan. 13, locomotive and helper. 
Grafton Baldwin Loco. Wks. Record, 
reenough. 
Grafton 1906 Baldwin Wis. Record, 
Greenough. No. 65, 
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grade (as Item Table the resistance would be, gravity 
train 4.7 lb. 8.7 lb., against which the energy above given 
would carry the train through 13034 ft., say, 2.5 miles, 
leaving miles provided for the steam production. Examin- 
ing the items the table having grades excess miles, will 
noted that 16% about all the weight drivers which can 
utilized the current supply steam. Item the energy 
derived from all sources equivalent hence the stored heat 
may considered responsible for equivalent 16% 
8.3% for distance miles. 

proportioning grade resistance for any line, therefore, loco- 
motive may counted utilize the weight the drivers 
for distance miles 0.002 grade without any assistance from 
momentum, and, the event unexpected stop, able, 
soon full head steam built up, start the train and carry 
over the grade. This probably maximum, considering the condi- 
tion the equipment this Virginian Railway, 
mentioned. 

Treating Item the same way, distance 2310 ft. 
accounted for momentum, leaving, say, 3.5 miles for the steam, 
the length 0.02 grade which locomotive may loaded 
basis tractive power equal 24.2% the weight the drivers. 

From these figures may concluded that lines having grades 
length may inserted having rates 50% excess that the long 


grades, without decreasing the capacity the line. This statement, 


course, general its bearings, each case being subject its 
especial limitations, and subject detailed calculations. 

may noted that the velocity ft. per sec., assumed the 
foot the grade, probably higher than should expected 
practice; insures, the other hand, that quite enough has been 
allowed for momentum, and that the results are conservative. 

Arguments like the foregoing are always more less treacherous; 
being based statistics, they are naturally subject material modi- 
fications the presence larger array data, therefore, material 


assistance reaching practical conclusions can given the 
presentation additional data. 
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PRESSURE RESISTANCE AND STABILITY 
EARTH. 


the final discussion the writer’s paper, “The Bracing 
Trenches and Tunnels, With Practical Formulas for 
certain minor experiments were noted connection with the arching 
properties sand. the present paper proposed-to take 
again the question pressures, but more detail, and note 
some further experiments and deductions therefrom, and also con- 
sider the resistance and stability earth applied piling and 
foundations, and the pressure and buoyancy subaqueous struc- 
tures soft ground. 

order make this paper complete will necessary, 
some instances, include substance some the matter the 
former paper, and indulgence asked from those readers who may 
note this fact. 

Experiment No. the sand-box experiments described the 
former paper were small exception might taken them, 
and therefore the writer has made this experiment, 
ciently large much more conclusive. shown Fig. wooden 
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abutments, ft. wide, ft. apart, and about ft. high, were built and 
filled solidly with sand. Wooden walls, ft. apart and ft. high, were 
then built crossing the abutments, and solidly cleated and braced 
frames were placed across their ends about ft. back each abut- 
ment. false bottom, made slide freely and down between the 
abutments, and projecting slightly beyond the walls each side, was 
then blocked snugly the bottom edges the sides, thus obtaining 
box ft., the last dimension not being important. Bolts, 
in. long, with long threads, were run through the false bottom 
and through 2-in. pine washers nuts the top. The 
box was filled with ordinary coarse sand from the trench, the sand 


SECTIONS BOX-FRAME FOR SAND-ARCH EXPERIMENT 


4 


being compacted thoroughly possible. The ends were tightened 
down the washers, which turn bore the compacted sand. The 
blocking was then knocked out from under the false bottom, and the 
following was noted: 

soon the blocking was removed the bottom settled nearly 
in., noted Fig. Plate due the initial compacting 
the sand under the arching stresses. measurement was taken 
from the bottom the washers the top the false bottom, and 
was noted in. (Fig. After some three four hours, the 
arch had not been broken, was decided test under greater 
loading, and four men were placed it, four others standing the 
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haunches, shown Fig. Plate LXXVI. Under this additional 
loading about 600 lb. the bottom settled in. more, nearly in. 
all, due the further compression the sand arch. About 
hour after the superimposed load had been removed, the writer jostled 
the box with his foot sufficiently dislodge some the exposed sand, 
when the arch once collapsed and the bottom fell the ground. 

Referring Fig. if, instead being ordinary sand, the block 
comprised within the area, had been frozen sand, there 
reason suppose that would not have sustained itself, 
forming perfect arch, with all material removed below the line, 
fact, the freezing process tunneling soft ground 
based this well-known principle. 


If, then, instead removing the mass, allowed 
remain and supported from the mass above, one must concede 
this mass its normal state the same arching properties would 
have had frozen, excepting, course, that greater thickness 
key should allowed, offset greater tendency compression 
moist and dry against frozen sand, where both are measured 
confined area. 

that the line bisecting the angle between that repose and the 
perpendicular, measures its intersection with the middle vertical 
(A, Fig. the height which necessary give sufficient thickness 
key, may concluded that this sand arch will self-sustaining. 
That is, assumed that the arching effect taken virtually 
within the limits the area, thus relieving the 
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structure below the stresses due the weight thrust any 
the material above; and that the portion the material below 
probably dead weight any structure underneath, and when sus- 
tained from below forms natural “centering” for the natural arch 
above. also probably true that the material the areas, 
and does not add the arching strength, more especially 
those materials where cohesion may not counted factor. 
This borne out the fact that, the experiment noted, well- 
defined crack developed the surface the sand about the point 
U,, and extended apparently considerable depth, assumed 
where the haunch line intersected the slope line from 

this experiment the sand was good and sharp, containing some 
gravel, and was taken directly from the adjoining excavation. When 
thrown loosely heap, assumed angle repose about 
degrees. should noted that this material when tested was not 
compacted much, nor did possess the same cohesion, sand 
its normal undisturbed condition bank, and for this reason 
believed that the depth key given here absolutely safe for all 
except extraordinary conditions, such non-homogeneous material 
and others which may require special consideration. 

that, while self-sustaining, some least the lower portion must 
derive its initial support from the “centering” below, and the writer 
has made the arbitrary assumption that the lower half carried 
the structure while the upper half entirely independent it, 
and, making this assumption, believes adding factor 
safety thereto. The area, then, which assumed carried 
underground structure the depth which sufficient allow the 

and intersect below the surface, the lower half 


not probable that these lines thrust pressure transmission, 
ete., will straight, but, for purposes calculation, they 
will assumed so, also, that they will act along and parallel 
the lines repose their natural slope, and that the thrust the 
earth will therefore measured the relation between the radius 
and the tangent this angle multiplied the weight material 
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affected. The dead weight plane, due the material above, 
is, therefore, where 
weight per cubic foot material, and 
weight per linear foot. 


The the above flat-arched circular tunnels 
very simple, except that the question side thrust should con- 
sidered also factor. The thrust against the side tunnel 
dry sand having flat angle repose will necessarily greater than 
very moist sand clay, which stands much steeper angle, and, 
for the same reason, the arch thrust greater dryer sand and there- 
fore the load tunnel structure should not great, the material 
being compact and excluding cohesion factor. This can illus- 
trated_by referring Fig. which seen that the flatter the 
position the “rakers” keying W,, and the greater will 
the side thrust and can also illustrated assuming 
that the arching material composed cubes polished marble set 
one vertically above the other close columns. There would then 
absolutely side thrust, but, likewise, arching properties would 
developed, and indefinite height would probably reached above 
the tunnel -roof before friction enough would developed cause 


relieve the structure any part its load. Conversely, 


assumed that the superadjacent material composed large bowling 
balls, interlocking with some degree regularity, can seen that 
those above will form themselves into arch over the “centering” 
made those supported directly the roof the structure, thus 
relieving the structure any load except that due this “centering.” 
the angle, noted later, and assumed that measures the 
area pressure against and the line, drawn, forming 
with the angle, noted above, then can reduced some 
thrust above the line, has slightly diminished the loading above. 
The writer makes the arbitrary assumption that this decrease 
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should equal 20% D,. If, then, the line, drawn, 
conceded that all the material within the area, 
causes direct pressure against upon the structure, the 
vertical lines being the ordinates pressure due weight, and the 
horizontal lines (qualified certain ratios) being the abscissas 
pressure due thrust. extreme measurement this area 
pressure doubtless approximately more nearly curve than the 
straight lines given, and the curve, therefore drawn 
give graphically and approximately the safe area which any 


vertical ordinate, multiplied the weight, gives the pressure the 
roof that point, and any horizontal line, abscissa, divided the 
tangent the angle repose and multiplied the weight per foot, 
gives the pressure the side that point. 

The practical conclusion this whole assumption that the 
material the area, B,, forms with the equivalent opposite 
area arch reacting against the face, B,, and that, hereto- 
fore noted, the lower half (or its equivalent, the weight 
this assumed the structure, the upper half being 
self-sustaining, shown the line, B,,, (or for absolute safety 
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the curved line), and therefore, rods could run from sheeting 
inside the tunnel area point outside the line, B,, indicated 
the lines, 11, 12, 13, that the internal bracing this 
tunnel could omitted, that the tunnel itself would relieved 
all loading, whereas these rods would carrying some large portion 
least the weight within the area circumscribed the curve, 
and further, that tunnel structure the approximate 
dimensions shown would carry its maximum load with the surface 
the ground between and beyond which point the pressure would 
remain the same for all depths. 

pressures circular arches, the arched area should 
first graphically resolved into rectangular equivalent, the 
right half Fig. proceeding subsequently noted. 

The following instances are given partial evidence that 
ordinary ground, not submerged, the pressures not exceed any 
instance those found the above methods, and very probable that 
similar instances experiences have been met every engineer 
engaged soft-ground tunneling: 

building the Bay Ridge tunnel sewer, 62d and 64th Streets, 
Brooklyn, the arch timber bracing shown Fig. Plate 
was used for more than 000 ft., for two-thirds the whole 800 ft. 
called for the contract. The external width opening, measured 
the wall-plate, averaged about ft. for the sewer 
and 194 ft. for the 15-ft. sewer. The arch timber segments the 
cross-section were 12-in. North Carolina pine good grade, with 
in. off the butt for bearing take the thrust. They were set 
ft. apart centers, and rested 12-in. wall-plates the same 
material noted above. The ultimate strength this material, across 
the grain, when dry and good condition, given the United 
States Forestry tests about 1000 compression. 


tests* made 1907 Mr. Sherman for the Charles 


River Dam Boston, Mass., show that yellow pine, which had 
been water-soaked for two years, checks began open from 388 
581 Ib. per sq. in., and that yields in. were noted from 600 
1000 Ib. the tunnel wall-plates described this paper were 
subject occasional saturation, and always moist atmosphere, 
they could never have been considered equal dry material. Had 
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the full loading shown the foregoing come these wall- 
plates, they would have been subjected stress about tons 
each, nearly one-half their ultimate strength. only one 
two instances, covering stretches 100 ft. one case and 200 ft. 
another, where there were large areas quicksand sufficient cause 
semi-aqueous pressure, pockets the same material causing eccen- 
tric loading, did these wall-plates show any signs heavy pressure, 
and many instances they were such good condition that they 
could taken out and used second and third time. Two especially 
interesting instances came under the writer’s observation: one 
case, due collapse the internal bracing, the load entire 
section, ft. long and ft. wide, was carried for several hours 
ribs spaced ft. apart. The minimum cross-section these ribs was 
sq. in., and they were under stress, noted above, 50000 
nearly the actual limit strength the wall-plate where 
the rib bore it. When these wall-plates were examined, after 
replacing the internal bracing, they did not appear have been under 
any unusual stress. 

another instance, for distance more than 700 ft., the sub- 
grade the sewer was ft. below the level the water sharp sand. 
excavating for “bottoms” the water had pumped the rate 
more than 300 gal. per min., and was necessary close-sheet 
trench between the wall-plates which place section “bottom.” 
spite the utmost care, some ground was necessarily lost, and this 
was shown the slight subsidence the wall-plates and loosening 
the wedges the supports bearing the arch timbers. During 
this operation “bottoming,” two men each side were constantly 
employed tightening wedges and shims above the arch timbers. 
impossible explain the fact that these timbers slackened 
(without proportionate roof settlement) any other theory than that 
the arching was nearly perfect that relieved the bracing 
large part the load, the ordinary loose material being held place 
the arching wedging together the 2-in. 3-ft. sheeting boards 
the roof, arranged the form segmental arch. The material 
above this roof was coarse, sharp sand, through which had been 
tunnel without losing ground, and had admitted water 
freely after each rain until the drainage neighboring pond had 
been completed, the men never being willing resume work until 
the influx water had stopped. 
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The foregoing applies only material ordinarily found under 
ground not subaqueous, which cannot classed aqueous semi- 
aqueous material. These conditions will noted later. 

The writer will take next the question pressures against the 
faces sheeted trenches retaining walls, material the same 
character noted above. Referring Fig. not reasonable 
suppose that having passed the line, the character the 
stresses due the thrust the material will change, bracing should 
Fig. canvas rolled down along the lines, and and if, 
this section excavated between the canvas faces, temporary 
struts are erected, there reason believe that with properly 


adjusted weights W,, exact equilibrium forces and con- 
ditions cannot obtained. Or, again, if, Fig. the face, 
sheeted and rodded back the surface, keying the rods taut, there 
undoubtedly stable condition and one which could not fail 
theory practice, nor can anyone, looking Fig. doubt that the 
top timbers are stressed more heavily than those the bottom. The 
assumption that the the material slide toward 
the toe causes wedge itself between the face the sheeting 
the one hand and some plane between the sheeting and the plane 
repose the other, and that the resistance this will 
arching thrust developed along parallel the lines, 
ete., Fig. which are assumed the lines repose, 
curves approximating thereto. the thrust greatest that 
material directly the face, Fig. and nothing the plane 
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repose, may assumed arbitrarily that the line, 
bisecting this angle divides this area into two, one which the 
weight resolves itself wholly into thrust, the other being area 
thrust, wholly weight bearing the plane repose. Calling 
this line, the haunch line, the the area, 
measured its weight divided the tangent the angle, 
which the angle repose; that is, the thrust any given point, 

The writer suggests that, those materials which have steeper 
angles repose than 45°, the area pressure may calculated 
above, the thrust being computed, however, for angle 
degrees. 

the total pressure due this thrust against the 
retaining wall sheeted face, there the weight the mass multi- 
plied the distance its center gravity vertically above the toe, 


pressure per linear foot (vertically), 


Figs. and Plate show recently excavated banks 
gravel and sand, which, standing general angle 45°, were 
process “working,” that is, there was continual slipping down 
particles the sand, and may well note that time, under 
exposure weather conditions, these banks would finally assume 
slope about degrees. They are typical, however, showing the 
normal slope freshly excavated sandy material, and slope which 
may used ordinary The steps seen Plate 
LXXVII show the different characteristics ground close 
proximity. Fig. Plate may seen typical bank 
gravel and sand; shows the well-defined slope sand adjacent 
and connection with the cohesive properties gravel. 

The next points considered are the more difficult problems 
concerning subaqueous saturated earths. The writer has made 


*From Gravel for Good 
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some experiments which appear conclusive, showing that, except 
pure quicksand wholly aqueous material, described later, the 
earth and water pressures act independently each other. 

For better understanding the scope and purpose this paper, 
the writer divides supersaturated subaqueous materials into three 

Class materials, such coarse and fine gravels, gravel 
and sands mixed, coarse sands, and fine sands which there not 
large proportion fine material, such loam, clay, pure 
quicksand. 


Class materials, such fine sands which 


large proportion clay, pure clays, silts, peats, ete. 


Class C.—Aqueous materials,.such pure quicksands, which 
the solid matter finely divided that amorphous and virtually 
held suspension, oils, quicksilver, ete. 

Here may stated that the term, “quicksand,” illusive that 
true definition badly needed. Many engineers call quicksand 
any sand which flows under the influence water motion. The 
writer believes the term should applied only material “soupy” 
that its properties are practically the same water under static condi- 
tions, being understood that any material may unstable under 
the influence water sufficiently high velocities, and that with 
static condition, one approximately so, that this paper deals. 

clear understanding the firm materials noted Class will 
lead better solution problems dealing with those under Class 
this Class that the experiments largely relate. 

The experiments noted below were made with varying material, 
though the principal type used was fine sand under the conditions 
which ordinarily found excavations, with less than 40% 
voids and less than 10% very fine material. 

Experiment No. 2.—The first these experiments, which this 
series will called No. was simple, and was made order show 
that this material does not flow readily under ordinary conditions, 
when not coupled with the discharge water under high velocity. 
bucket in. diameter, containing another bucket in. 
diameter, was used. 6-in. hole was cut the bottom the 
inner bucket. About in. sand was first placed the bottom 
the larger bucket and was partly filled with water. The inside 
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bucket was then given false bottom and partly filled with wet sand, 
resting the sand the larger bucket. Both were filled with water 
and the weight, Fig. the arm was shifted until balanced 
the weight the inside bucket the water, the distance the 
weight, from the pivot being noted. The false bottom was then 
removed and the inside bucket, resting the sand the larger one, 
was partly filled with sand and both were filled with water, the condi- 
tions the point weighing being exactly the same, except that the 
false bottom was removed, leaving the sand contact through the 
6-in. opening. readily seen that, the sand had possessed 
the aqueous properties sometimes attributed sand under water, that 
the inside bucket would have flowed out through the square hole 
the bottom, allowing lifted any weight excess the 
actual weight the bucket, less its buoyancy, would the case 


contained only water instead sand and water. was found, 
however, that the weight, resting distance more than nine- 
tenths the original distance from the pivot, would not raise the 
inside bucket. lifting this inside bucket bodily, however, the 
water once the sand out through the bottom, leaving hole 
almost exactly the shape and size the bottom orifice, shown 
Fig. Plate should stated that, each case, the sand 
was put small handfuls and thoroughly mixed with water, but 
not packed, and allowed stand for some time before the experiments 
were tried, insure the compactness ordinary conditions. 
seen from Fig. Plate that the sand was stable enough 
allow the bucket put its side for the moment being photo- 
graphed, although had been pulled out the water little less than 
min. 
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Experiment No. order show that the arching properties 
sand are not destroyed under subaqueous conditions, small sand- 
box, having capacity about cu. ft., and similar that described 
Experiment No. was made. The bottom was cut out, with the 
exception 3-in projection two sides, and false bottom was 
placed below and outside the original bottom, with bolts running 
through it, keying washers top the sand, with which the box 
was partially filled. One side the box contained glass front, 
order that conditions saturation could observed. The box 
sand was then filled with water and, after saturation had been com- 
pleted and the nuts and washers had been tightened down, the box 
was lifted off the There was found tendency whatever 
for the bottom fall away, showing conclusively 
that the arching properties had not been destroyed 
the saturation the sand, 

The next three experiments were intended 
show the relative pressure over any given area 
contact with the water the one case sand and 
water the other. 

Experiment No. 4.—The apparatus for this ex- 
periment consisted 3-in. pipe about 4-in. long 
and connected with goose-neck pipe in. 
high above the top the bowl shown Fig. and 
Fig. Plate LXXIX. loose rubber valve 
was intended seated the upper face the 
machined edge the bowl and weighted down 
balance against head water corresponding the 17-in. 
head the goose-neck. The bowl was then filled with sand 
and the difference, any, noted between the weight required 
hold the flap-valve down under the same head water flow- 
ing through the sand. The results this experiment were not con- 
clusive, owing the difficulty making contact over the whole area 
the sand and the rim the bowl the same time. times, for 
instance, less than would hold back the water indefinitely, while, 
pressure required hold down the clear water. Again, times the 
water would not flow through the neck all, even after several hours, 
and after increasing the head attaching longer rubber tube 
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thereto. view these conditions, this experiment would not 
noted here, except that unexpectedly developed one interesting fact. 
order insure against stoppage water, above referred to, 
gravel was first put into the bottom the bowl and the flap-valve 
was then rubbed down and held tightly while the pipe was filled. 
being released, the pressure water invariably forced out the whole 
body sand, shown Fig. Plate Care was taken 
see that the sand was saturated each case, and the experiment was 
repeated numberless times, and invariably with the same result. The 
sand contained about 40% voids. The deduction from this experi- 
ment that the pressure water against rather than through sand 
and that any excess voids occurring adjacent face against which 
there pressure water will filled with sand, excepting far, 
course, the normal existing voids allow the pressure the water 
transmitted through them. 

If, then, the covering sand over structure sufficiently heavy 
allow arching action set up, the structure against which the 
pressure applied must relieved much the pressure water 
against the area sand not constituted voids acting outside the 
arching area. This confirmed the two following experiments: 

Experiment No. same apparatus was used here Ex- 
periment No. Fig. except that the inside bucket had solid bottom. 
The inside and outside buckets were filled with water and the point 
was noted which the weight would balance the inside bucket 
point some in. off the bottom the outside bucket. This point was 
measured, and the bottom the larger bucket was covered over with 
sand that setting solidly the sand the inside bucket would 
occupy the same relative position did the water. The same 
weight was then applied and would not begin lift the inner bucket. 
For instance, the first part the experiment the weight stood 
in. from the pivot, while the next step the weight, standing 
the end the bar, had effect, and considerable external pressure 
had exerted before the bucket could lifted. Immediately after 
was relieved, however, the weight in. would hold clear the 
sand. attempt was made work the bucket into the sand; the 
sand was leveled and the bucket was seated it, turned once 
twice insure contact, and then allowed stand for some time before 
making the experiment. attempt was made establish the rela- 
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tionship between sands varying voids, the general fact only being 
established, sufficient number experiments,.that the weight 
required lift the bucket was more than double sand having 40% 
voids than that required lift the bucket water only. 
Experiment No. apparatus for this experiment consisted 
essentially hydraulic chamber about in. diameter and ft. 
high, the top being removable and containing collar with suitable 
packing, through which piston moved freely and down, 
the whole being similar the cylinder and piston large hydraulic 
jack, shown Fig. Plate LXXX. Just below the collar and 


APPARATUS FOR MEASURING 
LOSS WATER PRESSURE 
SUBAQUEOUS MATERIAL 


Fig. 

above the chamber there was inlet leading copper pipe and 
thence high-pressure pump. Attached this there was gauge 
show the pressure obtained the chamber, all shown Fig. 
The purpose the apparatus was test the difference pressure 
any object submerged clear water and the same object buried 
the sand under water. readily seen that, pressure applied 
the water this chamber, the amount pressure (as measured 
the gauge) necessary lift the piston will that due the weight 
the piston, less its displacement, plus the friction the piston 
the collar. 
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Now, for any reason the bottom area the piston against which 
water pressure acts reduced, will necessarily require pro- 
portionate amount incréase the pressure lift this piston. If, 
therefore, found that for illustration, required lift the 
piston when plunged clear water, and required lift 
when buried sand, can assumed once that the area the 
piston has been reduced 50% being buried the sand, eliminating 
the question the friction the sand itself around the piston. 
order determine what this friction might be, the writer arranged 
table standing legs above the bottom the chamber, allowing 
the piston move freely through hole its center. Through this 
table pipes were entered (as shown part Fig. The whole was 
then placed the chamber with the piston place, and the area 
above was filled with sand and water. thus seen that, the end 
the piston being free and clear water, the difference, any, between 
the pressure required lift the piston when clear water alone and 
the case thus noted, where was surrounded sand, would 
measure the friction the sand the piston. After several trials 
this, however, was clearly seen that the friction was too slight 
noted accurately gauge registering single pounds, that is, with 
per sq. ft. would only require increase 1.8 lb. the gauge. 
therefore assumed that the friction small piston sand 
need not considered material factor the experiments made. 

The piston was plunged into clear water, and was found that 
the pressure required lift was about The cap was then 
taken off, depth about in. sand was placed the bottom 
the chamber, aad then the piston was set place and surrounded 
sand depth some in., water being added that the sand was 
completely saturated. This was allowed stand until had regained 
the stability ordinary sand place, whereupon the cap with the 
bearing was set place over the piston, the machine was 
coupled up, and the pump was started. series four experiments, 
extending over period two three days, gave the following 

Test 1—The piston began move pressure lb. The 
pressure gradually dropped which point, apparently, 


came out the sand, and continued during the remainder 
the test. 
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Test piston was plunged back into the sand, without remov- 
ing the and allowed stand for about hours. attempt was 
made pack the sand see its condition around the piston, 
being presumed, however, that had reasonable time get fair 
amount set. slightly above the piston began move, 
and soon pocket water accumulated behind the piston the 
pressure immediately dropped lb. and continued this point until 
came out the sand. 

Test piston was plunged into the sand and hammered down 
without waiting for the sand come definite set. this case 
the initial pressure shown the gauge was lb., which immediately 
dropped lb. soon the piston had moved sufficiently far 
allow water accumulate below it. 

Test cap was again removed, the piston set place, 
the sand compacted around approximately the same condition 
would have had the sand had been place underground; the cap 
was then set place and, after hour, the pump was started. 
The pressure registered was lb. and extended over period 
several seconds before there was any movement the piston. The 
piston responded finally without any increase pressure, and, after 
lifting inch two, the pressure gradually dropped where 
remained until the piston came out the sand. 

The sum and average these tests shows relation lb. for 
the piston sand about soon the volume water had 
accumulated below it, which would correspond very closely sand 
containing 40% voids, which was the characteristic the sand 
used this experiment. 

The conclusions from this experiment appear absolutely final 
illustrating the pressure due water tunnel buried sand, 
either the arch above the sides bottom, well the 
buoyant effect upon the tunnel bottom under the same conditions. 

While the apparatus would have designed and built 
much larger order measure accurately the pressures due 
sands and earths varying characteristics, appears conclusive 
showing the principle, and near enough the theoretical value 
taken for practical purposes designing structures against water 
pressures when buried sand earth. 

should carefully noted that the friction the water through 
sand, always large factor subaqueous construction, 
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virtually eliminated here, the water pressure has transmitted 
only some in. actuate the base the piston, whereas 
tunnel only half submerged this distance might many feet, and 
would considerable factor. 

should noted also that although the area subject pressure 
diminished, the pressure the area remaining corresponds the 
full hydrostatic head, would shown the pressure air 
gauge required hold back the water, except, course, may 


diminished more less friction. 


The writer understands that experiments similar nature and 
with similar apparatus have been tried clays and peats with results 
considerably higher; that is, one case, there was pressure lb. 
before the piston started move. 

The following given, part, analysis and explanation 
the above experiments and notes: 

well known that lead placed press and 
subjected sufficient pressure will exhibit properties somewhat 
similar soft clay quicksand under pressure. will flow out 
orifice more than one orifice the same pressure. This due 
the fact that practically voids not exist and that the pressure 
great, compared with the molecular cohesion, that the latter vir- 
tually nullified. also theoretically true that solid stone under 
infinitely high pressure may liquefied. the cylinder 
hydraulic press there put certain quantity cobblestones, leaving 
clearance between the top the stone and the piston, and this 
space, together with the voids, filled with water and subjected 
great pressure, the sides the walls the are acted 
two pressures, one almost negligible, where they are contact with 
the stone, restraining the tendency the stone roll slide outward, 
and the other due the pressure the water over the area against 
which there contact stone. That this area contact should 
deducted from the pressure area can clearly shown assuming 
another cylinder with cross-sticks jammed into it, shown Fig. 10. 
glance this figure will show that there aqueous pressure 
the walls the cylinder with which the ends the sticks come 
contact and the loss the pressure against the walls due this 
equal the least sectional area the stick tube either the point 
contact intermediate thereto. 
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Following this reasoning, Fig. found that equivalent 
area may deducted covering the least area continuous contact 
the cobblestones, shown along the dotted lines the right half 
the figure. Returning, if, when the pressure applied, orifice 
made the cylinder, the water will flow out under pressure, 
allowing the piston come contact with the cobblestones. the 
flow the water were controlled, stop the point where 
the stone and water are both under direct pressure, would found 
that the pressures were totally independent each other. The aqueous 
pressure, for instance, would equal every point, while the 
pressure the stone would through and along the lines 
tact. this contact was reasonably well made and covered 40% 


the area, one would expect the stone, independently the water, 


10. 


stand 40% the pressure which full area solid stone would 
stand. this pressure should enormously increased after excluding 
the water, would finally result crushing the stone into solid 
mass; and the pressure should increased indefinitely, some theo- 
retical point would reached, above noted, where the stone would 
eventually liquefied and would assume liquid properties. 

The same general reasoning applies pure sand, sand being 
effect cobblestones miniature. pressing the piston down 
dry sand will displaced into every existing abnormal void, but 
will displaced into these voids rather than pressed into them, the 
true definition the word, and while would flow out orifice 
the sides bottom, allowing the piston forced down sand- 
jack, would not flow out orifice the top the piston, except 
under pressures abnormally high make the mass theoretically 
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aqueous. the positions cylinder and piston reversed, the 
piston pointing vertically upward and the sand “bled” into orifice 
through it, the void caused the outflow this sand would 
filled sand displaced the piston pressing upward rather than 
sand from above. 

was the knowledge this principle which enabled the con- 
tractors jack successfully the roof long section the cast- 
iron lined tubes under Joralemon Street Brooklyn, connection with 
the reconstruction the Battery tubes that point, the method 
operation, partly shown Fig. Plate being cut through 
section the roof, ft. area, through which holes were 
drilled and through which again the sand was “bled,” heavy pressure 
being applied from below through the medium hydraulic jacks. 
careful manipulation both these operations, sections the 
roof the above dimensions were eventually raised the required 
height in. and permanently braced there single shift. 

water excess put into cylinder containing sand, and 
pressure applied thereto, the water, allowed flow out 
orifice, will carry with certain quantity sand, according the 
velocity, and the observation this might easily give rise the 
erroneous impression that the sand, well the water, was flowing 
out under pressure, and, heretofore stated, has caused many engi- 
neers and contractors apply the term “quicksand” any sand 
flowing through orifice with water. 

Sand its natural bed always contains some fine material, and 
where this largely less than the percentage voids, has 
material effect the pressure exerted the sand with without 
water, above noted. If, however, this fine material largely 
excess the voids, allows greater initial compression take place 
when dry, and allows set certain amount hydraulic action 
when saturated. the base the material sand and the fill 
quicksand excess the voids, pressure will cause the 
quicksand set action, and the action the piston will 
appear similar that piston acting purely aqueous 
material. 

the writer desires protest against considering semi- 
aqueous masses, such soupy sands, soft concrete, exerting 
hydrostatic pressure due their weight bulk instead the 
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gravity the basic liquid. For instance, resorting again the 
illustration cubes and spheres, may assumed that cubical 
receptacle has been partly filled with small cubes polished marble, 
piled vertically columns. When this receptacle filled with liquid 
around the piles cubes there will pressure the sides except 
that due the hydrostatic pressure the water 624 lb. The 
bottom, however, will resist combined pressure due the water and 
the weight the cubes. Again, assume that the receptacle filled 
with small spheres, such marbles, and that water then poured in. 
The pressure due the weight the solids the bottom relieved 
the loss weight the marbles due the water, and also the 
tendency the marbles arch over the bottom, and while the pressure 
the sides increased this amount thrust, the aqueous pressure 
still that liquid 624 lb., and inconceivable that some 
liquid weighing, say, 120 150 per cu. ft.; well might they expect 
anchor spherical copper floats front bulkhead and expect the 
pressure against this bulkhead diminished because 
the actual volume and weight the water directly front the 
bulkhead has been diminished. Those who have had experience 
tying narrow deep forms for concrete with small wires bolts and 
quickly filling them with liquid concrete, must realize that such 
pressures are ever developed would correspond liquids 150 lb. 
per cu. ft. the solid material any liquid agitated that 
virtually suspension, cannot add the pressure, and allowed 
subside acts solid, independently the water contained with 
it, although the water may change somewhat the properties the 
material, increasing changing its cohesion, angle repose, 
That is, substance, those particles which rest solidly the bottom 
and are contact the top the solid material, not derive any 
from the water, while those particles not contact with the 
bottom directly through other particles, lose just much weight 
through buoyancy. If, then, the vertical depth the earthy particles 
sand above the bottom small that the arching effect against 
the sides negligible, the full weight the particles contact, 
directly vicariously, with the bottom acts pressure the bottom, 
while the full pressure the water acts through the voids them, 
transmitted through material contact with the bottom. 
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Referring now materials such clays, peats, and other soft 
materials, idle assume that these not possess pressure- 
resisting and arching properties. For instance, soft clay arch 
larger dimensions, under the condition described early this paper, 
would undoubtedly stand the rods supporting the intrados the 
arch were keyed back washers covering sufficiently large area. 

The fact that compressed air can used all tunnel work 
evidence that semi-aqueous materials have arching properties, and the 
fact that “blows” usually occur light cover further evidence 
it. 

When air pressure used hold back the water faces large 
area, bracing has resorted to. This again shows that while full 
pressure required hold back the water, the pressure 
the earth measure independent it. 

peaty boggy material there condition somewhat different, 
but sufficiently allied the soft clayey soupy sands place under 
the same head ordinary practice. undoubtedly true that piles 
true that the action the pile displace rather than compress, 
shown the fact driving portions the tunnels under the North 
River for long distances without opening the doors the shield 
removing any the material. The case filling bogs marshes, 
causing them sink the point filling and rise elsewhere, 
readily explained the fact that the water confined the 
interstices the material, admitting displacement but com- 
pression. 

The application the above pressures over tunnels materials 
Class that the sand solid matter virtually assumed 
series columns with their bases such intimate contact with 
the tunnel roof that water cannot exert pressure the tunnel 
buoyancy the sand the point contact, and that these columns 
are sufficiently deep have their upper portions wholly partially 
the arching wedging action, the pressure any water 
their surfaces not transferred the tunnel, and the only aqueous 
pressure that which acts the tunnel between the assumed columns 
through the voids. 

Let exterior width tunnel, 


depth cover, as: 
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depth, water roof, 


where angle repose, 
Then the pressure any square foot roof, Vp, the base 

any vertical ordinate, Fig. Vo, 

weight per cubic foot earth (90 

And for horizontal pressure: 


that is: 


the horizontal pressure any abscissa (10), Fig. 


The only question serious doubt just what depth the sand 
arching itself, but, for purposes safety, the writer 
has put this the point, noted above, although 
believes that experiments large scale would show nearer 
0.67 above which the placing additional back-fill will lighten 
the load the structure. 

have, then, for D,, the weight the total prism the 
earth plus the water the voids, plus the added pressure the water 
above the earth prism, that is: 

The pressure per square foot the base any vertical ordinate 

who may contend that water acting through shallow 
prism earth would exert full pressure over the full area the 
tunnel, may stated that the water cannot maintain pressure over 
the whole area without likewise giving the 
viously assumed columns, which there the total 
weight the water plus the weight the prism earth, less its 
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which, comparison with the former method, would appear less 
safe its reasoning. 

Next the question pressure against wall braced trench 
for materials under Class The pressure sand first 
independently, shown Fig. Reducing this basis 100 
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for each division the scale measured horizontally, shown, gives 
the line, Fig. 12, measuring the outside limit pressure due 
the earth, the horizontal distance any point between this line and 
the vertical face equalling the pressure against that face divided 
the tangent the angle repose, which this case assumed 
45°, equalling unity. the water pressure line, drawn, 
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shows the relative pressure the water. order reduce this 
the scale 100 horizontal measurement, the line, drawn, 
representing the water pressure scale, that is, that each horizontal 
measurement the scale gives the pressure the face that point; 
and, allowing 50% for voids, halving this area gives the line, 
between which and the vertical face any horizontal line measures the 
water pressure. Extending these pressure areas where they overlap 
gives the line, which represents the total pressure against the 
face, measured horizontally. 

submerged structure rests firmly bottom more less firm 
sand, its buoyancy, indicated the experiments, will only 
percentage its buoyancy pure water, corresponding the voids 
the sand. practice, however, attempt show this condition 
will fail, owing the fact that such structure the water will 
almost immediately work under the edge and bottom, and cause the 
structure rise, and the test can only made measuring the 
difference uplift heavier-than-water structure, shown 
Experiment No. For, structure lighter than the displaced water 
buried sand sufficiently deep insure against the influx 
large volumes water below, will not rise. That this not due 
entirely the friction the solid material the sides has been 
demonstrated the observation subaqueous structures, which 
always tend subside rather than lift during following dis- 
turbance the surrounding earth. 

The following quoted from the paper Charles Jacobs, 
Am. Soe. E., the North River Division the Pennsylvania 
Railroad Tunnels 


“There was considerable subsidence the tunnels during con- 
struction and lining, amounting average 0.34 ft. between the 
bulkhead lines. This settlement has been constantly decreasing since 
construction, and appears have been due almost entirely the 
disturbances the surrounding materials during construction. The 
silt weighs about 100 per cu. ft. and contains about 
38% water. was found that whenever this material was disturbed 
outside the tunnels displacement the tunnels followed.” 


This substance confirms observations made the Battery tubes 
that subsidence the structure followed disturbance the outside 


Proceedings, Am. Soc. E., for January, 1910. 
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material, although theoretically the tubes were buoyant the aqueous 
material. 

The writer would urge, however, that, all cases submerged 
structures only partially buried solid material, excess weighting 
used cover the contingencies vibration, oscillation, ete., which 
such structures may subjected and which may ultimately allow leads 
water work their way underneath. 

the other hand, urges that, cases floor areas deeply 
submerged structures, such tunnels cellars, the pressure 
resisted should assumed only slightly excess that corre- 
sponding the pressure due the water through the voids. 

The question pressure, Class semi-aqueous materials 
will considered next. these materials, already shown, there 
are two types: sand which the so-called quicksand largely 
excess any normal voids, and (b) plastic and viscous materials. 
The writer believes that these materials should treated mixtures 
solid and watery particles, the first which the quicksand, 
aqueous portion, being virtually suspension, may treated water, 
and must that the action here will similar that 
sand and pure water, giving larger value the properties water 
than actually exists. If, for instance, should found that such 
mixture contained 40% pure water, the writer would estimate its 
pressure against structure that moist sand standing 
steep angle repose, and that clear water, allowance 
60% the total volume being assumed, 
results giving the total pressure. Until 


obtained experin ents larger seale, 


and the sum these two 
more definite data can 
this assumed value 60% 
the total volume for the aqueous portion may taken for all 
ditions semi-aqueous materials, except, course, where the solid 
and aqueous particles may clearly defined, the pressures being com- 
puted described the preceding pages. 

the question pure quicksand (if such there be) and other 
aqueous materials Class such water, oil, mereury, ete., has 
already been shown that they are considered liquids their 
normal specifie gravity; that is, the air pressure neces- 
sary displace them, one should consider their gravity only, 
factor, and not the total weight per volume any impuri- 
ties which they might contain undissolved. 
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order have clearer conception aqueous and semi-aqueous 
materials and their action, they must viewed under conditions not 
ordinarily apparent. instance, ideas so-called quicksand are 
largely drawn from seeing structures sinking into it, from observing 
flowing through voids the sheeting casing. The action sand 
and water under pressure viewed during after slump, when the 
damage being done, has been done, whereas the correct view-point 
under conditions, before the slump takes place. 

The following quoted from the report Mr. Jacobs, Chief 
Engineer the East River Gas Tunnel, built 1892-93: 


“We found that the material which had heretofore been firm 
stiff had, under erosion, obtained soup-like consistency, and that 
huge cavity some ft. wide and ft. deep had been washed toward 


the river bed.” 

This would probably fair description much the material 
this class met with such work, compressed air had not been 
used. The writer believes that soft material 
merged structures the water actually contained the not 
infrequently, after prolonged period rest, cut off absolutely from 
its sources pressure and that contact with these sources pressure 
will not again resumed until leak takes place through the 
structure; and, even when there small flow trickling water 
through such material, confines itself certain paths channels, 
and largely excluded from the general mass. 

The broad principle the bearing power soil has been made the 
subject too many experiments and too much controversy con- 
and observed data and notes therefrom. The writer the opinion, 
however, that entirely too little attention has been given this bearing 
power the soil; that while progress has been made our knowledge 
all classes materials for structures, very little has been done which 
leads any real knowledge the material which the foundation 
rests. For instance, inconceivable that tons may some- 
times allowed square foot soft clay, while the load firm 
gravel limited from tons. The writer’s practical observa- 
tions have him that frequently much safer put four 


times tons square foot gravel than put one-fourth 
tons square foot soft clay. 
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connection with the bearing power soil, the writer also be- 
lieves that too little study has been given the questions the 
lateral pressure earth, and’ desires quote here from some 
experiments described book* published England 1876, 
which his attention has recently been This book appears 
have been intended for young people, but interest note the 


following quotations from chapter entitled “Sand.” This chapter 
begins stating that: 


“During the course lecture the Suez Canal Mr. John 
Pepper, which was delivered nightly him the Insti- 
tute London, illustrated his lecture some experiments designed 
exhibit certain properties sand, which had reference the con- 
struction the Suez Canal, and stated that though the properties 
question were means classed among recent discoveries, 


the experiments were novel form and served interest the public 
audience.” 


Further quotation follows: 


“When the Suez Canal was projected, many prophesied evil the 
undertaking, from the sand the desert being drifted the wind into 
the canal, and others were apprehensive that where the canal was cut 
through the sand the bottom would pushed the pressure 

“The principle lateral pressure may now strikingly illustrated 
taking American wooden pail and, having previously cut large 
circular hole the bottom, this now covered with fine tissue paper, 
which should pasted prevent the particles sand 
from flowing through the small openings between the paper and the 
wood and being placed upright and rapidly filled with sand, 
may about the handle without the slightest fear the 
weight the sand breaking through the thin medium. 

“Probably one the most convincing experiments that which 
may formed with tube in. long and in. 
diameter, open both ends. piece tissue paper carefully 
pasted one end, that when dry interstices are left. 
The tube filled with dry sand height say in. 
the upper part inserted solid plug wood in. long and 
the same very nearly the same diameter the inside the tube, 
that will move freely and down like the piston air pump. 
The tube, sand, and piston being arranged described, may now 
held assistant and the demonstrator, taking sledge hammer, 


Discoveries and Inventions the Nineteenth Robert Routledge, 
Assistant Examiner Chemistry and Natural Philosophy the University London. 
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may proceed strike steadily the end the piston and, although 
the paper will bulge out little, the force the blow will not break it. 

“Tf the assistant holding the tube allows jerk rebound after 
each blow the hammer, the paper may break, because air and sand 
are driven down the succeeding blow, and therefore must held 
steadily that the piston bears fairly the sand each time. 

more conclusive and striking experiment may shown 
with framework metal constructed represent pail, the sides 
which are closed pasting sheets tissue paper inside and 
over the lower part. before demonstrated, when quantity sand 
poured into the pail the tissue paper casing the bottom does not 
break, but sufficient quantity used the sides formed tissue 
paper bulge out and usually give way consequence the lateral 
pressure exerted the particles sand.” 

The writer has made the second experiment noted, with special 
apparatus, and finds that with tissue paper over the bottom 2-in. 
pipe, in. long, will stand the blow heavy sledge hammer, 
transmitted through wooden piston, least once and sometimes two 
three times, while heavy blows given with lighter hammer have 
effect all. That this not due any large measure inertia 
can shown the fact that more than 200 lb. can safely put 
top the wooden piston. cannot accounted for entirely the 
friction, the removal the allows the sand drop mass. 
The explanation that the pressure transmitted laterally the 
sides, and the friction directly proportional the pressure, the 
load effect the blow the proportional increase the 
friction, and any diaphragm which will the direct bottom load 
will not have its stresses largely increased any greater loading 
top. 

The writer believes that experiments will show that sand-jack 
the tendency will for the sides burst rather than the bottom, 
and that the outflow from orifice near the bottom not either 
greatly retarded accelerated ordinary pressure top. The 
abnormal voids, however, causes the sand displaced 
into them. 

The important consideration this paper that all the experi- 
ments and observations noted point conclusively the fact that 
pressure transmitted laterally through ground, most probably along 

material, along line which, until more conclusive experiments are 
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made, may taken mean between the horizontal and vertical, 
approximately degrees. There reason believe that this 
not the case throughout the entire mass the earth, that each cubic 
foot, yard, mile supported turn supports its neighboring 
equivalent along such lines. The theory not new one, and its 
field too large encompass within the limits single paper, but, 
for practical purposes, and within the limited areas which must 
necessarily confined, the writer believes can established beyond 
controversy true. Certain that one has yet found, 
ground free from water pressure abnormal conditions, any evidence 
greater pressure the bottom deep shaft tunnel than that 
near the surface. Pressures due the widening mines beyond the 
limits safety must not taken controversion this statement, 
all arches have limits safety, more especially the useless 
material below the theoretical intrados only partly supported, 
allowed suspended from the natural arch. 

The writer believes, also, that the question confined foundations, 
worthy full discussion, applies safe and economical con- 
struction, and offers, without special comment, the following 
observations: 

has found that, soft ground, results are often obtained with 
small open sunk depth few feet and cleaned out and 
filled with concrete, which offer much better resistance than spreading 
the foundation over four five times the equivalent area. 

has found that small steel piles and coffer-dams, 
cylinders coffer-dams ft. square, sunk depth only 
ft. below adjacent excavations ordinary sand, have safely 
resisted loads four five times great those usually allowed. 

believes that short cleaned out and filled with con- 
crete, coffer-dams short steel piling with the surface cleaned out 
reasonable depth and filled with horizontally reinforced, 
will, many instances, give good results as, and, most cases, 
very much better than, placing the foundation equivalent number 
small long piles proportionately greater spread foundation 
area, the idea being that the transmission pressure the sides 
the coffer-dam will not only confine the side thrust, but will also 


transfer the loading mass greater depth where the resistance 
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lateral pressure the ground will more stable; that is, the greater 
depth foundation gained without the increased excessive loading, 
necessity for deep excavation. 

the question the bearing value and friction piles, the 
writer believes that while the literature engineering full 
experimental data relating friction there little 
show the real value friction piles. The assumption generally 
made assumed bearing value, and the deduction therefrom 
value for the skin friction fallacious. Distinction, also, not 
made, but should clearly drawn between skin friction, pure and 
simple, smooth surfaces and the friction due pressure. Too often 
the bearing value irregular surfaces well the bearing due 
taper piles, and lastly the resistance offered binding, enter into 
the determination so-called skin friction formulas. The essential 
condition sinking caisson keeping plumb; and binding, which 
another way writing increased bearing value, will oftentimes 
fatal success. 


The writer believes that series observations caissons sunk 
plumb under homogeneous conditions ground and superficial smooth- 
ness will show proportional increase skin friction per square foot 
average for each increase the size caissons, well for increase 
depth the sinking certain points, where may finally 
become constant, will shown later. The determination the 
actual friction coefficient friction between the surfaces the 
pile and the material encounters, not difficult determine. 
sand approximately 40% the pressure for reasonably smooth 
iron steel, and 45% the pressure for ordinary wood surfaces. If, 
for instance, long shaft withdrawn vertically from moulding 
sand, the hole may remain indefinitely long water does not get 

does not dry out. This due the tendency the sand 
arch itself horizontally over small areas. The same operation can- 


not performed dry sand, the arching properties, while protect- 
ing the pile from excessive pressure due excessive length, will not 
prevent the loose sand immediately surrounding the pile from exerting 
constant pressure against the pile, and this pressure that 45% 
may taken the real value skin friction piles dry sand. 

soft clays peats which are displaced driving, the tendency 
this material flow back into the original space causes pressure, 
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which the friction will measured percentage. this case, how- 
ever, the friction itself between the material and the clays peat 
usually very much less than 40%, and for this reason that piles 
almost indefinite length may driven materials this character 
without offering sufficient resistance depended on, long 
good bearing ground found the point. 

this material under water, and soft considered 
semi-aqueous, the pressure per square foot will increase diminishing 
proportion the depth, and the pressure per area will soon approach 
and become constant, due the resistance offered the lateral 
arching the solid material; whereas, large circular caissons, 
caisson shafts, where the horizontal arching effect virtually de- 
stroyed, least rendered non-effective until great depth reached, 
the pressure must necessarily vary under these conditions proportion- 
ately the depth and size the caisson semi-aqueous material. 
the other hand, large caisson shafts, especially those which are 
square, the pressure the top due the solid material will also 
increase proportionately the depth, already explained connec- 
tion with the pressures earth against sheeting and retaining walls. 

The writer believes that the pressure these surfaces may 
determined with reasonable accuracy the formulas already given 
this paper, and with these pressures, multiplied the coefficient 
friction determined the simplest experiment the ground, results 
may obtained which will closely approximate the actual friction 
caissons given depths. The friction caissons, which usually 
given from 200 600 lb. per sq. ft., frequently assumed the 
same piles in. less diameter, whereas the pressures these 
surfaces, shown, are way comparable. 

The following notes and observations are given connection with 
the skin friction and the bearing value piles: 

The writer has his possession copy official print which 
was recently furnished bidders connection with the foundation 
for large public building New York City. The experiments were 
made good sand depth approximately ft. below water and 
ft. below adjacent excavation. this instance 16-in. pipe 
was sunk the depth stated, cleaned out, and 14-in. piston con- 
nected 10-in. pipe was inserted and the ground the bottom 
the 16-in. pipe subjected loading approximating tons per sq. ft. 
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After initial settlement nearly in., there was further settle- 
ment over extended period, although the load tons per sq. ft. 
was continued. 

connection with some recent underpinning work, 14-in. hollow 
cylindrical piles ft. long were sunk depth ft. with 
ordinary hand-hammer, being excavated driven. These piles were 
then filled with concrete and subjected loading some cases 
approximating tons. After settlement ranging from in., 
further settlement took place, although the loading was maintained 
for considerable period. 

connection with some other pile work, the writer has seen 
10-in. pipe, in. thick, ft. below the bottom open cylinder, 
depth about ft., sustain gravel and sand load approximating 
tons when cleaned out within ft. the bottom. 

has seen other cylindrical piles with bearing ring not more 
than in. resting gravel depth from ft., cleaned 
out practically the bottom, sustain measured load tons with- 
out settlement. 

skin friction sand, case came under his observation 
wherein 14-in. hollow cylindrical pile which had stood for days 
depth about ft. the sand, was cleaned out its bottom 
and subjected hydraulic pressure, measured gauge, and sunk 
ft. into the sand without any pressure being registered the gauge. 
should explained, however, that the gauge could subjected 
pressure 250 equal total pressure 000 Ib. the piston 
the jack without registering, which corresponded, assuming all 
skin friction, maximum not more than lb. per sq. ft., but 
should noted that this included bearing value well, and that 
the pressure was very far from 7000 lb. all probability the 
beginning the test. 

the case the California stove-pipe wells driven the Board 
Water Supply Long Island, the writer informed that one 
these tubes, in. diameter, was sunk depth 850 ft. 
doing this work the pile was excavated below the footing with sand 
pump and was then sunk hydraulic pressure. Assuming the maxi- 
mum capacity the jacks 100 tons, which not probable, the skin 
friction could not have amounted more than per sq. ft. 
cannot assumed this case that the excavation the material 
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below the pile relieved the skin itself some its friction, the 
operation consumed more than weeks, and, even excess material 
was removed, certain that large percentage would have had 
time adjust itself before the operation was completed. 

connection with this, the writer may attention the fact 
that piles driven silt along the North River, and soft material 
other places, are sometimes ft. length, and even then not 
offer sufficient resistance depended for loading. This due 
the fact that the end the pile does not bear good material. 

The relation between bearing value and skin friction pile, 
where the end bearing good material, well shown case 
where wooden pile* struck solid material, was distorted under the 
continual blows the hammer, and was afterward exposed. 


also shown the case 14-in. California stove-pipe pile, No. 
gauge, the point which met firm material. The result, shown 
Fig. Plate speaks for itself. Fig. Plate shows 
Chenowith pile which was experimental one driven its designer. 
This pile, after getting into hard material, was subjected the blow 
hammer falling the full length the pile-driver, and the 
only result was shatter the head the pile, and not cause further 
penetration. Mr. Chenowith has stated the writer that 
found material compact that could not penetrated with 
writer’s experience. 

The writer believes that the foregoing notes will show conclusively 
that the factor sought pile work bearing value rather than 
depth skin friction, and, however valuable skin friction may 
the larger caissons, cannot depended the case small piles, 
except values ranging from 100 lb. per sq. ft. 

conclusion, desires thank the following gentlemen, who 
have contributed the the experiments noted herein: Mr. 
James Nelson, Richard Dudgeon, New York; Mr. George Noble, 
John Simmons and Company, New York; and Mr. Pendleton, 
Hindley and Pendleton, Brooklyn, Y.; all whom have furnished 
apparatus for the experiments and have taken interest the 
results. And lastly, desires especially thank Mr. Cranford, 
the Cranford Company, for men and material with which make 


Engineering News, January 15th, 1909. 


| 


PLATE 
APRIL, 1910. 
MEEM 
PRESSURE RESISTANCE AND STABILITY 
EARTH. 


< 
a") 
c 
a 
<= 
Q 
= 
= 
& 
— 
5 
> 
> 
> 
4 
& 
a 
a 
> 


Q 
a 
Q 
° 
34 
° 
= 
Q 
Q 
~ 
> 
> 


= 
f 
=< 


~~ 


PRESSURE RESISTANCE AND STABILITY EARTH 687 


the experiments and without whose co-operation would have been 
impracticable for the writer have made them. 

Throughout this paper the writer has endeavored, far possible, 
deduce from his observations and from the observations others, 
far has been able obtain them, practical data and formulas 
which may use establishing the relationship between the 
pressure, resistance, and stability earths; and, while does not 
wish dictate the character the discussion, does ask that those 
who have made observations similar character who have avail- 
able data, will, far possible, contribute the same this dis- 
cussion. only such observations and experiments, and deduc- 
tions therefrom, that engineers may obtain better knowledge the 
handling such materials. 

The writer believes that too much has been taken for granted 
connection with earth pressures and resistance; and that, far too often, 
observations the results natural laws have been set down 
phenomena. believes that, both experimenting and observing, 
the engineer will frequently find what being looked for expected 
and will fail see the obvious alternative. may add that his own 
experiments and observations may criticized for the same reason, 
and asks, therefore, that all possible light thrown this subject. 
comparative study much our expert testimony the plans 
almost any the structures designed connection with their bear- 
ing upon earth, resistance earth pressure, will show that under 
the present methods interpretation the underlying principles 
governing the calculations and designs relating such structures, the 
results vary far too widely. Too much left the judgment the 
engineer, and too frequently fixed standards can found for some 
the most essential conditions. 

Until the engineer can say with certainty that his calculations are 
reasonably based facts, admit that his design must 
lacking, either the elements safety, the one hand, 
economy, the other, and, until give his client full 
measure both these factors fair proportion, cannot justly claim 
that his profession has reached its full development. 

Table gives approximate calculations pressures two types 
tunnels and two heights sheeted faces walls, due four 
widely varying classes materials. 
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AssuMED 


Tunnel Tunnel Face Face 


NOVA ain 


- 


Key Table Pressures, ete. 
exterior height, exterior width, 


depth cover, that is, 
earth, and water depth, 


Conditions: normal sand, dry sand, supersaturated 
firm sand with voids, supersaturated semi-aqueous material, 
60% aqueous, that is, 60% water and aqueous material. 


assume assume 


. 


E Z E vA A 
4, 
Hi 
G 
J 4 


= n = 


* 
4 : 
é 
we 
isang 
| 


Vol. XXXVI. APRIL, 1910. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
THE NORTH RIVER TUNNELS. 


INTRODUCTION. 


The section the Pennsylvania Railroad Tunnel work described 
this paper that lying between Tenth Avenue, New York City, 
and the large shaft built the Company Weehawken, J., and 
thus comprises the crossing the North Hudson River, the barrier 
which has stood for such long time between the railroads and their 
possession terminal stations New York City. The general plan 
and section, Plate shows the work included. 

This paper written from the point view those engaged 
the Chief Engineer the Railroad Company look after the work 
construction the field. The history the undertaking not 
included, the various phases through which many the designs and 
plans passed are not followed, nor are the considerations regarding 
foundations under the subaqueous portions the tunnels and the 
various tests made connection with this subject set out, all 
these matters will found other papers these tunnels. 


papers are issued before the date set for presentation and dis- 
Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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This paper only aims describe, briefly possible, the actual 
designs which were finally adopted, the actual conditions met the 
ground, and the methods construction adopted the contractors. 

For easy reference, and keep the descriptiong work 
similar character together, the subject will treated under the four 
main headings, viz.: Shafts, Plant, Land Tunnels, and River Tunnels. 


not intended give much length the description the 
Shafts the Land Tunnels, more interest will probably center 
the River Tunnels. 

The shafts did not form part the regular tunnel contract, but 
were built under contract the United Engineering and Contracting 
Company while the contract plans for the tunnel were being prepared. 
this way, when the tunnel contracts were let, the contractor found 
the shafts ready, and could get his work once. 

Two shafts were provided, one the New York side and one 
the New Jersey side. Their exact situation seen Plate 
They were placed near possible the point which the dis- 
appearance the rock from the tunnels made necessary start the 
shield-driven portion the work. 

The details the shafts will now described briefly. 

The Manhattan Shaft—The Manhattan Shaft located about 
100 ft. north the tunnel center; there was nothing noticeable about 
its construction. General figures relating both shafts are given 
Table 

The Weehawken Shaft—The Weehawken Shaft shown Fig. 
This, will seen from Table was comparatively large piece 
work. The shaft over the tunnels, and included both them. 
the original design the wall the shaft was intended follow 
plan the property line shown Fig. and merely extend down 
the surface the rock, which, disclosed the preliminary borings, 
was here about ft. below the surface. the excavation 
proceeded, was found that this plan would not do, the depth 
the rock surface varied greatly, and was often much lower than 
expected; the rock itself, moreover, was very treacherous, the cause 
being that the line junction between the triassic sandstone, which 
here the country rock, and the intrusive trap the Bergen Hill ridge, 
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occurs about one-third the length the shaft from its western end, 
causing more less disintegration both kinds rock. Therefore 
was decided line the shaft with concrete throughout its entire depth, 
the shape being changed rectangular plan, shown the drawings. 
the same time that the shaft was excavated, length ft. 
tunnels each end was taken out, also account the treacher- 
ous nature the ground, thus avoiding risk injury the shaft when 
the tunnel contractors commenced work. There was much trouble with 
floods during the fall 1903, and numerous heavy falls ground oc- 
curred, spite extreme care and much heavy timbering. The greatest 
care was also taken placing the concrete lining, and the framing 
support the forms was carefully designed and heavy construction; 
the forms were first-class workmanship, and great care was taken 
keep them true line. smooth surface was given the concrete 
placing 3-in. layer mortar the front the walls and tamping 
this dry facing mixture well down with the rest the concrete. The 
east and west walls act retaining walls, while those the north 
and south are facing walls, and are tied the rock with steel rods 
embedded and grouted into the rock the concrete. Ample 
drainage for water the back the wall was provided upright, 
open-joint, vitrified drains frequent intervals, with dry-laid stone 
drains leading them from all wet spots the ground. general 
view the finished work shown Fig. Plate and 
Table gives the most important dates and figures relating this 
shaft. 

After the tunnel work was finished, both shafts were provided with 
stairs leading the surface, protective head-house was placed over 
the New York Shaft, and reinforced concrete fence, ft. high, was 
built around the Weehawken Shaft the Company’s property line, 
that is, following the outline the shaft originally designed. 


Working Sites. 


Before beginning description the tunnel work, may well 
set out some detail the arrangements made the surface for 
conducting the work underground. 

All the work was from two shafts, one Eleventh 
Avenue and 32d Street, New York the Manhattan Shaft 
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—and one Baldwin Avenue, Weehawken, the 
Weehawken Shaft. 

The characteristics the two sites were radically different, and 
called for different methods handling the transportation problem. 
The shaft site Manhattan shown Plate LXXXIV. will 
seen that there was not much room, fact, the site was too 
cramped for comfort; the total area, including the space 
the old foundry, used for power-houses, offices, was about 250 
sq. yd. This made necessary have two stages, one the ground 
level for handling materials into the yard, and overhead gantry 
which the excavated materials were handled off the premises. The 
yard Weehawken was much larger; also shown Plate 
LXXXIV. Its area was about 15400 sq. yd. the yard proper, and 
there was additional space about 750 sq. yd. alongside the wharf 
the “North Slip,” the river front, connected with the main 
portion the yard overhead trestle. 

All the cars Manhattan were moved hand, but Weehawken 
two electric locomotives with overhead transmission were used. 


Power-House Plant. 


the Manhattan Shaft the power-house plant was installed 
the ground floor the old foundry building which occupied the north 
side the leased area. This was brick building, quite old, and 
rather tumble-down condition when the Company took possession, 
and consequence required quite good deal repair and 
strengthening work. The first floor the building was used the 
contractor offices, men’s quarters, doctor’s offices, and on, and 
the next one above, which was the top floor, were the offices occupied 
the Railroad Company’s field engineering staff. 

the Weehawken side, the plant was housed wooden-frame, 
single-story structure, covered with corrugated iron. was rectangu- 
lar plan, measuring 130 ft. 

both sides the river the engines were bedded solid con- 
crete rock foundation. 

The installation the plant the Manhattan side occupied from 
May, 1904, April, 1905, and the Weehawken side from September, 
1904, April, 1905. Air pressure was the tunnels the New 


York side June 25th, 1905, and the Weehawken side the 
29th the same month. 
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The plants contained the two power-houses were almost identi- 
there being only slight differences the details arrangement 
due local conditions. list the main items the plant 
one power-house shown Table 


TABLE 2.—PLANT ONE POWER-HOUSE. 


No. items. Description item. 


500-h.p. water-tube Sterling 


Feed pumps, George Blake Manufacturing Company 
.|Low-pressure compressors, Ingersoll-Sergeant Drill 780 

compressor, Ingersoll-Sergeant Drill Company.. 665 
..|Hydraulic power pumps, George Blake Manufacturing Com- 


Total cost main items plant...... 


SUMMARY ONE PLANT. 


Cost four shields (including demolition, large additions and re- 

newals, Piping, PUMPS, 560 
Cost piping, connections, drills, derricks, offices and all 


Total prime cost one power-house 


The following short description each item plant 
Table 

each shaft there were three 500-h.p., water-tube 
boilers, Class Sterling and Company, Chicago, Ill. They had 
independent steel stacks, in. diameter and 100 ft. above grate 
level; each had 5000 sq. ft. heating surface and 116 sq. ft. grate 

The firing was hand, and there were shaking grates and 
doors each furnace. Under normal conditions work, two 
boilers each plant were able supply all the steam required. The 
average working pressure the steam was 135 lb. per sq. in. 

The steam piping system was the loop by-pass plan. The 
diameter the pipes varied from in. the main header in. 
the body the loop. The diameter the exhaust steam main 
increased from in. the remote machines in., and then 
in., the steam separator, which turn was connected with the 
condensers. pipe with automatic relief valve from the exhaust 
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the atmosphere was used when the condensers were shut down. All 
piping was the standard, flanged, extra-heavy type, with bronze- 
seated gate-valves the principal lines, and globe-valves some 
the auxiliary ones. There was 8-in. water leg the main header 
fitted with Mason-Kelly trap, and other smaller water traps were 
set suitable intervals. 

Each boiler was fitted with safety valves, and there were automatic 
release valves the high- and low-pressure cylinders each com- 
pressor, well each air receiver. 

Buckwheat coal was used, and was delivered the bins the 
Manhattan side teams and the Weehawken side railroad cars 
barges, whence was taken the power-house 2-ft. gauge 
ears. average tons coal each hours was used 
each plant. 

The water was taken directly from the service supply main. 
The daily quantity used was approximately 4000 gal. for boiler pur- 
poses and 4400 gal. for general plant use. Wooden overhead tanks 
having capacity 14000 gal. each plant served 12-hour 
supply. 

Feed Pumps.—There were two feed pumps each plant. They 
had capacity 700 cu. ft. per min., free discharge. The plungers 
were double, 6-in. diameter, and 10-in. stroke, the steam cylinders 
were 10-in. diameter and 10-in. stroke. injector the “Metro- 
politan Double-Tube” type, with capacity 700 cu. ft. per min., 
was fitted each boiler for use emergencies. 

The feed-water heater was “No. Cochrane,” guaranteed heat 
lb. water per hour, and had total capacity 85.7 cu. ft. 
was heated the exhaust steam from the non-condensing auxiliary 
plant. 

Condenser Plant.—There were two surface condensers each 
plant. Each had cooling surface sufficient condense 500 Ib. 
steam per hour, with water temperature 70° Fahr. and 
barometer in., maintaining vacuum in. the condenser. 
Each was fitted with Blake, horizontal, direct-acting, vacuum pump. 

Circulating-Water Pumps.—Two circulating-water pumps, supply- 
ing salt water directly from the Hudson River, were placed the 
wharf. They were 8-in. centrifugal pumps, each driven 
General Company’s direct-current motor (220 volts and 610 
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rev. per min.), the current being supplied from the contractor’s power- 
house generators. The pumps were run alternately hours each 
time. Those the Manhattan side were 1300 ft. from the power- 
house, and delivered their water through 16-in. pipe; those 
the Weehawken side were 450 ft. away, and delivered through 14-in. 
pipe. There was also direct connection with the city mains, case 
accident the salt-water pumps. 

Low-Pressure Compressors.—At each plant there were three low- 
pressure compressors. These were for the supply compressed air 
the working chambers the subaqueous shield-driven tunnels. 
They were also used occasions supply compressed air the 
the high-pressure compressors, thus largely increasing 
the capacity the latter when hard unusual call 
account heavy drilling work the rock tunnels. They were 
new design, duplex Corliss type, having cross-compound steam 
cylinders, designed operate condensing, but capable working non- 
condensing; the air cylinders were simple duplex. The steam cylinder 
valves were the Corliss release type, with vacuum dash-pots. The valves 
the air cylinders were mechanically-operated piston valves, with 
end inlet and discharge. The engines used steam 135 pressure. 
The high- and low-pressure steam cylinders were in. and in. 
diameter, respectively, with stroke in. and maximum speed 
135 rev. per min. The two air cylinders were in. diameter, 
and had combined capacity 35.1 cu. ft. free air per revolution, 
and, when running 125 rev. per min., each machine had actual 
4389 cu. ft. free air per min., cu. ft. per 
hour. The air cylinders were covered water-jackets through which 
salt water from the circulating pumps flowed. gauge pressure 

Each compressor was fitted with speed 
pressure regulator, designed vary the cut-off according the 
volume air required, and was provided with after-cooler fitted 
with tinned-brass tube and eight Tobin-bronze tube-plates having 
809 sq. ft. cooling surface; each one was capable reducing the 
temperature the air delivered within 10° Fahr. the 
temperature the cooling water when its compressor was operated 
its fullest capacity. From the after-cooler the air passed into 
vertical receiver, ft. in. diameter and ft. high, there being 
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one such receiver for each compressor. The receivers were tested 
pressure 100 lb. per sq. in. The after-coolers were provided with 
traps collect precipitated moisture and oil. The coolers and 
receivers were fitted with safety valves set blow off above 
the working pressure. The air supply was taken from without, and 
above the power-house roof, but very cold weather could taken 
from within doors. 

High-Pressure Compressors—There was one high-pressure com- 
pressor each plant. Each consisted two duplex air cylinders 
fitted cross-compound, Corliss-Bass, steam engine. The two steam 
cylinders were and in. diameter, respectively, and the air 
cylinders were 14} in. diameter and had 36-in. stroke. The air 
cylinder was water-jacketed with salt water supplied from the circu- 
lating water pumps. 

The capacity was about 1100 cu. ft. free air per min. when 
running rev. per min. and using intake air normal pressure, 
but, when receiving air from the low-pressure compressors 
pressure per sq. in., the capacity was cu. ft. free air 
per min.; receiving air lb. per sq. in., the capacity would have 
been 4847 cu. ft. free air per min. This latter arrangement, 
however, called for more air than the low-pressure compressors could 
deliver. With the low-pressure compressor running 125 rev. per 
min. (its maximum speed), could furnish enough air 43.8 
per sq. in. supply the high-pressure compressor running rev. 
per min. (its maximum and, with the high-pressure compressor 
delivering compressed air 150 lb., the combined capacity the 
arrangement would have been cu. ft. free air per min. 

The air passed through receiver, ft. in. diameter and ft. 
high, tested under water pressure 225 per sq. in., before being 
through the distributing pipes. 

Hydraulic Power Pumps.—At each power-house there were three 
power pumps operate the tunneling shields. One pump 
‘was used for each tunnel, leaving the third stand-by. The 
duplex steam cylinders were in. diameter with 10-in. stroke; 
the duplex water rams were in. diameter with 10-in. stroke. 
The pumps were designed work 6000 per sq. in., but the 
usual working pressure was about 4500 The piping, which was 
extra heavy hydraulic, was connected heavy cast-steel screw coup- 


lings, 
ing 
stand 

tors 
volts, 
Class 
250 
cente 

min. 
mete 
were 
oil 
Star 
roon 
oil, 
rece 
that 
gra’ 
q ; 
wit 
Tes 
the 
lub 
nec 
fro 
ide 


PENNSYLVANIA TUNNELS, NORTH RIVER TUNNELS 


lings, having hexagonal cross-section the middle enable tighten- 
ing done with bolt wrench. The piping was designed with- 
stand pressure per sq. in. 

Electric each plant there were two electric genera- 
tors supplying direct current for both lighting and power, 240 
volts, through two-wire system mains. They were Type M-P, 
Class 100 kw., 400 amperes, 250 rev. per min., 240 volts load and 
250 volts full load. They were connected direct 14-in., 
center-crank, tandem-compound, engines 150 h.p. 250 rev. per 
min. with all the necessary fuses, switches, and 
meters, was provided each plant. 

the lubricating system three distinct systems 
were used, each requiring its own special grade oil. 

journals and bearings were lubricated with ordinary engine 
oil gravity system; the oil after use passed through “White 
Star” filter, and was pumped into tank about ft. above the engine- 
room floor. 

The low-pressure air cylinders were lubricated with “High Test” 
oil, having flash point 600° Fahr. The oil was from 
receiving tank into elevated tank high-pressure air. When the 
tank was full the high-pressure air was turned off and the low-pressure 
air was turned on, this way the air pressure the oil tank equalled 
that the air cylinder being lubricated, thus allowing 
gravity system exist. 

The steam cylinders and the high-pressure air cylinders were fed 
with oil from hand-fed automatic lubricators made the Detroit 
Lubrication Company, Detroit, Mich. 

“Steam Cylinder” oil was used for the steam cylinders and “High 
Test” oil (the same used for the low-pressure air cylinders) for 
the high-pressure air cylinders. The air cylinder and steam cylinder 
were the same kind, except that condensers were 
necessary. The steam cylinder and engine oil was caught drip 
pans, and, after being filtered, was used again engine oil the 
bearings. The oil from the air cylinders was not saved, nor was that 
from the steam cylinders caught the separator. 

Cost Operating the Power-House order give 
idea the general cost running these plants, Tables and are 
given typical the force employed and the general supplies needed 
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for 24-hour run one plant. Table gives typical run during 
the period driving the shields, and Table typical the period 
concrete construction. the latter case the tunnels were under 
normal air pressure. Before the junction the shields, both plants 
were running continuously; after the junction, but while the tunnels 
were still under compressed air, only one power-house plant was 
operated. 


TABLE OPERATING ONE POWER-HOUSE FOR Hours 
DURING EXCAVATION AND METAL LINING. 


No. Labor. Rate per day. Amount. 


Engineers $3.00 $18.00 

Oilers 2.00 4.00 

Pumpmen 11.00 

SUPPLIES. 

Total cost labor and supplies for days............. 533.00 


Stone-Crusher short description the stone-crusher 
plant will given, played important part the economy 
the work. order provide crushed stone for the concrete, 
the contractor bought (from the contractor who built the Bergen Hill 
Tunnels) the pile trap rock from these tunnels, which 
had been dumped the piece waste ground the north Baldwin 
Avenue, Weehawken, 
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The general layout the plant shown Plate LXXXIV. 
consisted No. and No. Austin crusher, driven Amex, 
single-cylinder, horizontal, steam engine 120 h.p., and was capable 
crushing about 225 cu. yd. stone per 10-hour day. The crushers 
and conveyors were driven from countershaft, turn driven from 
the engine 18-in. belt. 


TABLE OPERATING THE ONE PLANT FOR 
DURING CONCRETE LINING. 


No. Labor. Rate per day. Amount. 

2.50 5.00 

Foreman Electrician..... 6.00 6.00 

SUPPLIES. 

Total cost labor and supplies for 673.00 


The process crushing was follows: The stone from the pile 
was loaded hand into which were lifted two derricks 
into the chute above the No. crusher. One derrick had 34-ft. mast 
and 56-ft. boom, and was worked Lidgerwood steam hoister; the 
other had 23-ft. mast and 45-ft. boom, and was worked 
“General Electric” hoist. All the stone passed first through the 
No. crusher, after which was lifted bucket conveyor 
placed about ft. higher than and above the stone bin. The 
was steel chute pierced 24-in. circular holes, and was 
slope about 45°; order prevent the screen from choking, 
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was necessary have two men continually scraping the stone over 
with hoes. All the stone passing the screen was discharged into 
bin below with capacity about 220 cu. yd. The passing 
the screen passed down diagonal chute No. crusher, from 
which, after crushing, was carried back second bucket con- 
veyor the bin, into which was dumped without passing screen. 
The No. was arranged that could, when necessary, 
receive stone direct from the stone pile. The cars which the stone 
was removed could run under the bin and filled opening sliding 
door the bottom the bin. track was laid from the bin 
connect with the contractor’s surface railway the Weehawken 
Shaft yard, and this track the stone could transported either 
the Weehawken Shaft direct, for use that side the river, 
the wharf, where could dumped into scows for transportation 
New York. 

The cars used were 3-cu. yd. side-dump, with flap-doors, and were 
hauled two steam Dinky locomotives. 

The average force employed was: 


foreman $3.00 per day. Supervising. 


Loading for derricks. 

Feeding crushers. 

Watching screens prevent 
clogging. 

engineer 400 Driving steam engine. 

night watchman. 


Watching the plant night. 
Owing the constant break-down machinery, chutes, etc., 
inseparable from stone-crushing work, there was always work 


repair gang consisting either three carpenters three machinists, 
according the nature the break-down. 
The approximate cost the plant was: 


$13 154 
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The cost the crushed stone Weehawken amounted about 
$0.91 per cu. yd., and was made follows: 
Labor operation 0.31 


The crushed stone the Manhattan Shaft cost about $1.04 per 
cu. yd., the difference $0.13 from the Weehawken cost being made 
the cost transfer across the river, $0.08, and transport from 
the dock the shaft, $0.05. 

Miscellaneous Plant.—The various pieces plant used directly 
the construction work, such derricks, hauling engines, pumps, con- 
crete mixers, and forms, will found described least mentioned 

The tunneling shields, however, will described now, much 
the description the shield-driven work will not clear unless 
preceded good idea their design. 


Tunneling Shields. 


During the period which the original contract drawings were 
being made, namely, the latter part 1903 and the early part 
1904, considerable attention was given working out detailed studies 
for type shield which would suitable for dealing with the 
various kinds ground through which the shield-driven tunnels had 
pass. This was done order that, when the contract was let, the 
engineer’s ideas the requirements the shields should thoroughly 
and that the contractor might take advantage this 
long-thought-out design, instead being under the necessity 
placing hurried order for piece plant which much the 
safety well the speed his work depended. Eventually, the 
contractor took over these designs they stood, with certain minor 
modifications, and the shields built and worked gave entire satisfac- 
tion. The chief points held view were ample strength, easy access 
the working face combined with ease and quickness closing the 


Assuming that the scrap value derricks and engines one-half the cost, crushers 
one-third the cost, and other items nothing. 


5 
caper 


diaphragm, and general simplicity. clear idea the main features 
the design can gathered from Fig. and Plate 

The interior diameter the skin was in. greater than the external 
diameter the-metal lining the tunnel, which was ft. The skin 
was made three thicknesses steel plate, plate outside 
and inside, with plate between; thus the external diameter 
the skin was ft. in. The length over all (exclusive the hood, 
described later) was ft. The maximum overlap the 
skin over the erected metal lining was ft. in., and the minimum 
overlap, ft. 

There were inside outside cover-plates, the joints the 
various pieces skin plates being butt-joints covered the overlap 
adjoining plates. All riveting was flush, both inside and outside. 
The whole circumference each skin plate was made eight 
pieces, each which extended the entire length the shield, the only 
circumferential joint the outside being the junction the 
removable cutting edge (or the hood when the latter was position) 
with the shield proper. 

Forward the back ends the jacks, the shield was stiffened 
annular girder supporting the skin, and the space between the 
stiffeners which were set the propelling rams used shove the 
shield ahead pressure exerted the last erected ring metal 
lining, shown Plate 

assist taking the thrust these rams, gusset-plates were 
placed against the end each ram cylinder, and were carried forward 
form level brackets supporting the cast-steel cutting edge segments. 
The stiffening gussets, between which were placed the rams, were also 
carried forward level brackets for the same purpose. The 
steel segmental cutting edge was attached the front the last 
mentioned plates. 

The interior structural framing consisted two floors and three 
vertical partitions, giving nine openings pockets for access the 
face; these pockets were ft. in. wide, the height varying from ft. 
in. ft. in., their location. The openings were 
provided with pivoted segmental doors, which were adopted because 
they could shut without having displace any ground which might 
flowing into the tunnel, and while open their own weight tended 
close them, being held from doing simple catch. 
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For passing through the varied assortment ground before enter- 
ing the true sub-river silt, was decided adopt the forward 
detachable extension, hood, which has often proved its worth 
ground needing timber for its support, shown Fig. Plate 
LXXXIII. This hood extended ft. in. beyond the cutting edge, 
and from the top down the level the upper platform. Additional 
pieces were provided which the hood might have been brought down 
far the lower platform, but they were not used. Special trape- 
zoidal steel castings formed the junction between the hood and the 
cutting edge. The hood was nine sections, built two and 
one §-in. skin plates, the main body the skin, and was sup- 
ported bracket plates attached the forward ends the ram 
chambers. The hoods were bolted place, and were removed and 
replaced regular cutting-edge steel castings after the shields had 
passed the river lines. 

The floors the two platforms, which there were eight, formed 
the division the platforms the upright framing, could 
extended forward ft. in. front the cutting edge, in. 
front the hood. This motion was given hydraulic jacks. The 
sliding platform could hold load per sq. ft., which was 
equal the maximum head ground and water combined. The 
uses these platforms will described under the heading “Con- 
struction.” The weight the structural portion each shield was 
about 135 tons. 

The remainder the shield was the hydraulic part, which pro- 
vided its motive force and gave the power the segment erector. 
The hydraulic fittings weighed about tons per shield, that the 
total weight each shield was about 193 tons. The hydraulic appar- 
atus was designed for maximum pressure 5000 lb. per sq. in., 
minimum pressure 2000 and test pressure 6000 lb. The 
actual average pressure used was about 500 per sq. in. 

There were shoving rams, with diameter in. and stroke 
in. The main ram was single-acting. The packings could 
tightened from the outside without removing the ram, thing 
which the greatest convenience, and cannot done with the 
differential plunger type. Some the chief figures relating the 
shield rams, with water pressure 5000 per sq. in., are: 
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Forward force one ram......... 
Equivalent pressure per square 

Eqivalent pressure 

Pull-back force one ram........ 26400 
Pull-back pressure full area 


The rams developed tendency bend, under the severe test 
shoving the shield all closed, nearly so, through the river silt, and 
probable that would have been better make the pistons 
in. diameter instead in. 

Each sliding platform was actuated two single-acting rams, 
in. diameter and having stroke ft. in. The rams were 
attached the rear face the shield diaphragm inside the box floors, 
and the cylinders were movable, sliding freely bearings the floor. 
The front ends the cylinders were fixed the front ends the 
sliding platforms. The cylinder thus supported the front end the 
sliding platform, and was designéd carry its half the load the 
platform. Some the leading figures connection with the platform 
working pressure 5000 per sq. in., are: 


Forward force each pair rams (in each 
Total area nose sliding platform...... in. 
Maximum reaction per square inch nose.. 
Maximum reaction per square foot nose. 040 


Each shield was fitted with single erector mounted the rear 
the diaphragm. The erector consisted box-shaped frame 
mounted central shaft revolving bearings attached the 
shield. Inside this frame there was differential hydraulic plunger, 
in. and in. diameter and 48-in. stroke. the plunger head 
were attached two channels sliding inside the box frame, and the 
projecting ends these the grip was attached. the opposite end 
the box frame counterweight was attached which balanced about 
700 Ib. the tunnel segment ft. radius. 
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double chains and chain wheels keyed the erector shaft. 


The principal figures connected with the erector, assuming water 


pressure lb. per sq. in., are: 


Weight heaviest tunnel segment........... 584 
Weight erector plunger and grip........... 616 
Total weight handled the erector ram.. 
Total force erector ram moving from center 


Total erector ram moving toward center 

Weight 11-ft. radius which balanced 

Maximum net weight 11-ft. radius 

handled turning 1884 
Total force each rotating ram, 5000 


Load 11-ft. radius, equivalent above 


When the shield was grip was also designed which 
the erector could handle segments without any special lugs being cast 
them. bolt was passed through two opposite bolt holes the 
circumferential flanges plate. The grip jaws closed over this bolt 
and locked themselves. The projecting fixed ends the grip were for 
taking the direct thrust the grip caused the erector ram when 
placing segment. 

happened, however, that there was delay delivering these grips, 
and, when the shield was ready start, and the grip was not forth- 
coming, Mr. Patrick Fitzgerald, the Contractor’s Superintendent, over- 
this trouble having another grip made. 

this design, also, bolt placed through the 
segment and the grip catches the bolt. simplicity and effectiveness 
working, this new design eventually proved decided advance 
the original one, and, result, all the shields were fitted with the 
new grip, and the original design was discarded. 

The great drawback the original grip was that the plate swung 
the lifting bolt, and thus brought great strain the bolt when 


The erector was revolved two single-acting rams fixed hori- 
zontally the back the shield above the erector pivot through 
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erecting plate the crown, whereas the new one, the plate was 
held rigidly right angles the erector arm. The original design 
was able handle both and segments, and key segments, without 
alteration; the new design, auxiliary head had swung into 
position handle the key, but this objection did not amount 
practical drawback. 

The operating floor from which the shield was controlled, and 
which the valves were situated, was placed above the rams which 
rotate the erector, and formed protection for them. The control 
the shield rams was divided into four groups: the seven lower rams 
constituted one group, the upper five, another, and the six remaining 
each side, the other two. Each group was controlled its own 
stop and release valve. Individual rams were controlled stop-cocks. 

The control the sliding platform rams was divided into two 
groups, which all the rams the upper floor made one, and all 
those the lower floor, the other; here, again, each group had its own 
stop and release valve, and individual platforms were controlled 


stop-cocks arranged blocks from which the pipes were carried 
the rams. 


The in-and-out movements the erector ram were controlled 
two-spindle, balanced, stop and release valve, controlled hand- 
wheel. The erector rotating rams were controlled similar valve, 
with four spindles, also operated single hand-wheel. Both 


wheels were placed inside the top shield pockets, and within easy reach 
the operating platform. 


The hydraulic pressure was brought through the tunnel 2-in. 
hydraulic Connection with the shield was made flexible 
copper pipe, the 2-in. line being extended the shield advanced. 


TUNNELS. 
General. 


short account will now given the main features the 
“Land Tunnel” work, which meant all the part the structure 
built without the assistance the tunneling shield. 

The Land Tunnels consist about 977 ft. double tunnel the 
New York side and 230 ft. the New Jersey side, total 
1207 lin. ft. double tunnel. 
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The general design the cross-section consists semicircular 
arch, vertical side-walls and flat invert. The tunnel adapted for 
two lines track, each being contained its compartment tunnel. 
The span the arch wider than absolutely necessary take the 
rolling stock, and the extra space utilized the provision side- 
walk “bench” forming its upper surface gangway, out the 
way traffic, for persons walking the tunnels, while embedded its 
mass are number vitrified earthenware ducts, for high- and low- 
tension electric The provision this bench enables its vertical 
wall brought much nearer the side the rolling stock than 
usually possible, thus minimizing the effects derailment other 
accident. Refuge niches for trackmen, and ladders the top the 
bench are provided frequent intervals. cases where narrow 
street limits the width the structure, the New York side, the 
two tunnels are separated medial wall masonry, thus involving 
excavation over the entire width both tunnels, and such the 
tunnels are spoken Tunnels”; where the exigencies 
width are not severe, the two tunnels are entirely distinct, and are 
separated wall rock. This type found the Weehawken 


side. The arches are brick, the remainder the tunnel lining 
being concrete. 
New York Land Tunnels. 


general account the progress, method work, plant used, and 
results obtained will now given for the Land Tunnels. The work 
these tunnels the Manhattan side was carried from the shaft 
11th Avenue and 32d Street. 

The plans and designs for these tunnels are shown Plate 
LXXXVI. this short length about 977 ft. there are less 
than nine different kinds cross-section. The reason for these changes 
the fact that the two lines track are here not straight and parallel 
the center line between the tunnels, but are curved, although 
symmetrical about this center line. The various changes section 
are enable the tunnels built straight lengths, thus avoiding 
the disadvantages attending the use curved forms, and the same 


minimizing the quantity excavation, item which accounts 


for from 70% the total cost tunnels this type. 
course, there are corresponding and obvious disadvantages the 
adoption many short lengths different cross-sections, and these 
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METHOD BONDING 


BRICK ARCHWORK 
between the different courses ie 
continuous joint was obtained 


through all courses, a double 
row headers was put in. 
order have this 
uniform, the exact location 
these joints was prede- 
termined calculation. 
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disadvantages were well brought out the course the work; 
the whole, however, they may said have justified their adoption. 
These New York Land Tunnels were divided into three contracts, viz.: 
From Station 190 (the Portal the open work the Terminal 
Station the east side Tenth Avenue, New York City) Station 
197 60, “Section Gy-East.” The next contract, called 
“Section Gy-West Supplementary,” extended from Station 197 
Station 199 20, which the east side Eleventh Avenue. 
The third contract was called “Section Gy-West,” and extended 
Station 199 Station 231 (the dividing line between the 
States New York and New Jersey). Thus, for nearly all its length, 
this contract consists shield-driven tunnel. The portion between 
Stations 199 and 199 91.5, however, was the Land Tunnel 
type, and therefore will included here. fourth contract extended 
from Station 231 the Weehawken Shaft Station 262 50, 
and this all but 230 ft. was the shield-driven type, only the 
portion next the Weehawken Shaft being the Land Tunnel type. 

The four contracts were let one contractor (The O’Rourke Engi- 
neering Construction Company), and the work was carried simul- 
taneously all four, that the division into contracts had bearing 
the methods work adopted,. and these will now 
whole and with further reference the different sections. 


Excavation. 


Work was started the New York side April 18th, 1904, the 
Weehawken shaft being that date still under construction. will 
have been noted the description the shafts, the contractor found 
shaft already prepared for his use, and cross-drifts grade and 
right angles the future tunnels, and extending across their entire 
width. The first essential was get access the shield chambers, 
which were lie about 330 ft. the west the shaft, that the 
construction these enlargements which the shields for the sub- 
aqueous tunnels were built might finished soon possible 
and thus allow the earliest possible start made with the shield- 
driven tunnels. 

With this view, two bottom headings, the center line each 
the two tracks, were driven westward from the western cross-heading 
the foot the shaft. When about 138 ft. had been made this 
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way, the two headings were brought together and break-up was made 
the crown level the tunnel, the depth rock cover was doubt- 


ful. From this break-up top heading was driven westward 


200 30. While widening the heading out Station 200 
the rock was penetrated the south side. The exposed wet sand 
and gravel started run, and, consequence, change design 
was made, the shield chambers (and consequently the start the 
shield-driven tunnels) being moved eastward from their original loca- 
tion 133 ft. their present location. certain amount time was 
necessarily spent making these changes design, which involved 
rearrangement the whole layout from the Terminal Station the 
start the River Tunnels. July 5th, 1904, however, the new 
design was formally approved. sooner had this been decided than 
strike arose the work, and this was not settled until August Ist, 
1904, but from that time the work progressed without delay.. 
further reference will made the work the shield chambers, 
that will come under the heading “River Tunnels,” being the 
segmental, cast-iron lined type. 

top heading was now driven over the original bottom heading 
west the shaft, and the same time the original cross-drifts from 
the shaft were amalgamated with and broken down heading driven 
the crown level the “Intercepting Arch” which here cuts across 
the ordinary run tunnel right angles and affords access the 
tunnels from the shafts. 

The excavation the upper portion the intercepting arch its 
southern end gave some trouble, and caused some anxiety, the rock 
cover was penetrated and the wet sand and gravel were exposed. This 
made necessary timber all this section heavily, and the tracks 
the New York Central Railroad directly above were successfully 
supported. The general way which this timbering was carried out 
will under the head “Timbering.” 

Meanwhile, the excavation the tunnels west the intercepting 
arch was continued until the North and South Tunnels were taken out 
their full outlines, leaving core rock between them. This core 
was gradually removed, and timbering supporting the rock above the 
middle wall was put excavation went on. The ground, which 
was entirely micaceous schist, typical this part Manhattan, 
seamed with veins granite, was rather heavy the west end, 
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adjacent the shield chambers, and required complete segmental 
timbering across the whole span. One heavy fall rock the core- 
wall between the North and South Tunnels took place November 
2d, but fortunately did not extend beyond the limits the permanent 
work. November 7th, 1904, the excavation east the intercepting 
arch was begun driving bottom heading the South Tunnel. 
This was continued Station 197 and then was taken the 
crown level and worked top heading with the view keeping 
track, making exploratory borings upward from the roof frequent 
intervals, the rock surface, which was here irregular and not known 
with any degree certainty. The work was not pressed with any 
vigor, because all efforts were then being bent toward excavating from 
the River Tunnels much possible. Section Gy-East the 
conditions were exceptionally variable, the rock was subject 
sudden changes from soft crumbling mica schist broad bands 
hard granite, and, addition, the rock surface was very irregular, 
and, for good length this section, was below the crown the 
tunnel, condition which led the adoption the cut-and-cover 
method for part the work. 

The irregularity conditions called for varying methods pro- 
cedure, but general the methods were shown Plate LXX XVII, 
and described follows: 

Solid there was plenty good rock cover, top 
middle heading was driven, which was afterward widened out the 
full cross-section the twin tunnel arches. necessary, few 
lengths segmental timbering were put before taking down the 
bench, which was generally kept some ft. behind the breast 
the heading. After the bench was down, the middle conduit trench 
was excavated and the trimming done. 

Soft there was not enough rock cover, where 
there was actual soft ground the roof, wall-plate headings the 
springing line level were driven ahead the remainder the work. 
The wall-plates were laid these, the roof was taken out short 
lengths, and segmental timbering spanning from wall-plate wall- 
plate was put in. The roof being thus held, the bench excavation 
proceeded without trouble. Where the rock was penetrated and soft 
ground showed the roof, poling boards were driven ahead over the 
crown-bars, shown Fig. 
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Cut-and-Cover Work.—After some 225 ft. had been driven from 
the intercepting arch, was found that the crown the tunnel was 
continually soft ground. ascertain the extent this condition 
the contractor decided make soundings far Tenth Avenue, 

was done sinking trial pits and making wash-borings the 
street. These soundings showed that there would soft ground 
the crown from Station 194 Station 194 (at one point 
depth ft. below the crown), and each side this section 
the cover was insufficient from Station 193 Station 195 30. 
This condition being known, was decided adopt cut-and-cover 
work for this length, the principal reasons being that repairs 
sewers, streets, and drains would more, and probably less, 
expensive than with the tunnel method; the underpinning heavy 
brick brewery building adjoining the works the north side would 
facilitated, and the opening the street, through which muck and 
materials could handled, would relieve the congested shaft, through 
which the large volume muck from the River Tunnels was then 
being conveyed. the other hand, the cut-and-cover method was 
adversely affected the presence heavy timber trestle built down 
the south side the street and over which passed all the excavation 
from the Terminal Station, amounting very heavy traffic. 
this trestle had supported, complicated the situation con- 
siderably. Very little active progress was made between June, 1905, 
and April, 1906, the contractor’s energies during that time were much 
taken with the progress the shield-driven tunnels. April, 1906, 
preparations were made start 50-ft. length open cut, rangers 
being fixed and sheathing driven; and the sewer which ran down the 
middle this street was diverted the outside the open-cut length. 

April and May were occupied driving the sheathing down 
rock, supporting the trestle, underpinning the adjoining brewery, and 
excavating the soft material above the rock. June 2d, 1906, rock 
was reached, and, July 31st, the excavation was down subgrade 
over nearly the whole ft. the first length. the meantime 
another length was opened up, and eventually third. 

The surface the rock now seemed rising, and the heavy 
buildings had been passed, that tunneling was reverted for the 


rest the work, though many difficulties were caused soft 
the roof from time time. 
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When the excavation for the open-cut work the Terminal Station 
had advanced the line Tenth Avenue, the contractor started 
heading from this point and drove westward under Tenth Avenue 
until the headings driven eastward from the cut-and-cover portion, 
were met. 

This was done expedite the work under Tenth Avenue, where 
the ground was not very good, where there were several important gas 
and water mains the street, and where, moreover, the tunnels were 
exceptionally large span (24 ft. in.), making total width 
some ft. for the excavation. The excavation for the New York 
Tunnels was practically finished January, 1908. 

Drilling and foregoing short description will serve 
show general way the scheme adopted making the excavation. 
few details drilling and blasting methods may not out 
place. 

Percussive drills run air pressure were used. They were 
Ingersoll-Sergeant, Nos. 34, A-86, and F-24. The air came 
from the high-pressure compressor previously described. This com- 
pressor, without assistance, could supply air for nine drills, but, when 
fed compressed air from the lower pressure, its capacity was 
increased three four times. 

The air was compressed 100 lb. per sq. in. the power-house, 
and was delivered about lb. per sq. in. the drills. 3-in. air 
line was used. The drill steel was octagonal. The holes 
were about in. diameter starting and in. the full depth 
ft. The powder used the New York side was 40% Forcite, 
the near presence heavy buildings and lack much rock cover 
necessitating light charges and many holes spaced close together. 

compensate the contractor for the inevitable excavation done 
outside the neat lines the masonry lining, the excavation was paid 
for the “Standard Section Line” which was in. outside the 
neat lines top and sides and in. outside the bottom the 
cross-section. The actual amount excavation done was about 11% 
greater than that paid for. The distance excavated beyond the neat 
line, because the very heavy timbering necessary, was about 2.1 ft. 
instead the ft. allowed, and the bottom about 0.85 ft. instead 
the 0.50 ft. paid for. 


For period months detailed records were kept the drilling 
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and blasting. About 12900 cu. yd. excavation are included. 
sketch and table showing the method driving the heading, the 
number and location the holes drilled, and the amount powder 


used, given Fig. From this and similar figures the informa- 
tion Table derived. 


TABLE 
span— span— span— ft. ft. ft. 
win twin twin in. 
tunnel. tunnel. tunnel. 
heading*...... 13.0 10.97 10.97 3.77 2.85 2.85 
Total heading*............ 7.87 8.17 2.02 1.78 
Bench and raker 5.97 6.15 0.94 1.13 
Average for section*...... 6.69 8.95 1.28 1.30 1.45 
Actual amountt........... 6.82 8.95 1,24 


*Figures taken from typical cross-sections. 
and only 220 ft. bench, the average figures (for powder especially) are too low. 

Table gives the rate and cost drilling, and the cost powder. 
will seen that the average rate drilling was 2.71 ft. per hour 
per drill 27.1 ft. per drill per shift. 

Table shows the result observation the time taken 
various subdivisions the drilling operations. These observations 
were not carried for long enough period give correct results, 
but the percentages time spent each division the operation are 
believed about right. The headings this table are self- 
explanatory. The necessary delays include all time spent changing 
bits, making air-line connections, ete. The unnecessary delays are 
stoppages caused lack supplies insufficient air pressure. 

Table will noticed that the cost labor for drilling 
and sharpening steels was about $0.29 per lin. ft. hole drilled. The 
total cost, including repairs, supply air, etc., came about $0.38, 
will seen from Table 

Timbering.—On the New York side nearly the whole length the 
excavation needed timbering, greater less extent, and for the 
most part required timbering quite heavy type. 
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TABLE 6.—Rock TUNNEL EXCAVATION UNDER 32D STREET, EAST CUT-AND-COVER SECTION. 
DRILLING AND BLASTING.—DETAILED CosT LABOR DRILLING, ALSO QUANTITY AND COST 
POWDER USED. 


DRILLING AND BLASTING. USED. 


Cost labor only. 
Date. Total feet No. drill shifts. Feet drilled excavation, Per cents 
(10-hour.) per man per hour. cubic yards. yard. per pound. 


Per 
linear feet. 


Actual. 
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The work done during the months when these analyzed cost figures were kept includes 280 ft. bench and 220 heading. This excess 


bench over heading causes the general average amounts per cubic yard too low. 
Actual amount excavation. Amount excavation paid for. 
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+ line holes — Powder taken at 0.5 Ib. per stick 


LONGITUDINAL SECTION 
26.66 


AVERAGE TIME TAKEN: DRILLED. 


Position Section. Nature Rock. 
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TABLE 8.—Anatyzep Cost 


Cost PER Foot 
DRILLED. Cost PER DRILL SHIFT. 


Item Cost. 


Drilling labor 


$0.25 $0.28 $0.31 $0.28 $7.75 $7.60 $7.45 
0.02 0.02 0.01 0.016 0.42 0.34 0.48 
Drill steel in. per drill 

0.007 0.007 0.006 0.007 0.19 0.20 0.15 0.19 
Drill repairs...... 0.02 0.02 0.02 0.02 0.61 0.59 0.42 0.54 
High pressure *0.05 0.04 0.07 0.07 1.86 1.67 1,82 


This estimated ascertained taking proportion the whole charge 
for plant running. 


General any considerable support was needed 
for the ground, segmental timbering was used. most cases, this was 
supported wall-plates the springing line, and was set with 
allowance for settlement, that would clear the work when 
the masonry lining was put in. the twin-tunnel section involved 
the excavation the North and South Tunnels the same time, the 
cross-section the upper part the excavation consisted two 
quadrants rising from the springing line and connected the top 
horizontal piece from ft. length. This made rather 
flat arch support timbering. 

The timber for the segmental work was 12-in. yellow pine. 
light ground the bents were spaced 5-ft. centers, heavy ground 
2-ft. 6-in. centers. 

When the soft ground the roof was struck, posts had used 
the heading support the When the bench was removed, the 
posts were replaced others down the bottom the excavation. 
These long posts were great hindrance all the work, and each 
replacement short posts long ones meant settlement the 
caps; consequently, was decided use the section east the 
cut-and-cover, where all the ground was heavy, temporary inner 
bent segmental timber, within and reinforcing the permanent bent, 
and resting separate wall-plates. This shown Fig. These 
temporary bents were inside the work, and were removed the arch 
was built. However, the caps settled considerably some cases, 
that was not possible away with posting entirely. 
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heavy ground the caps were set about ft. above the neat line 
the crown the brick arch, some cases they were set only in. 
above, but the settlement was often more than this, causing great 
trouble cutting out the encroaching timber when the arch had 
built. 

the tunnels east the cut-and-cover portion, wall-plate headings 
were driven (shown areas marked Fig. 5), and, when length 
wall-plate had been set, the full-width heading was advanced foot 
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two time, the timber segmental bents being set soon 
possible; lagging was then driven over the cap into the soft ground. 
Fig. shows the double set segmental bents adopted the 15-ft. 
4-in. twin tunnels east the section. 

When the soft ground came down low interfere with the 
excavation the wall-plate headings, small heading was driven into 
the soft ground the line the ends the caps, and lagging was 


driven down from this the wall-plate heading, illustrated 
Fig. 
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the 19-ft. 6-in. tunnels the wall-plate for the inner bent was 
supported side-bench, termed the “Raker” bench. This was left 
position until the rest the bench and the middle subgrade con- 
duit trench had been excavated; was then possible support the 
caps two rows posts from subgrade level, take out the inner 
bents, and excavate the raker bench. 

The 24-ft. 6-in. twin tunnels, which are the extreme eastern end 
this section, adjoining the open-cut work the Terminal Station, 
and under Tenth Avenue, were driven from the Terminal Station- 
West, and the timbering had made very secure account the 
pipes and sewers the street above. Detailed records were kept 
the amount timber used and the cost labor and material ex- 
pended timbering. These records cover the same portion tunnel 
that for which the detailed records previously 
referred to, were kept. These reeords are shown Tables and 10. 
will noted that the timber used blocking, that is, filling 
voids outside the main timbering, amounted more than two-thirds 
the total timber, and that the cost labor erecting the timbering 
exceeds the prime cost the timber about one-third. The follow- 
ing distinction made between permanent and temporary timbering: 
The permanent timbering that which concreted when the 
masonry built; the temporary consists the lower bents and posts, 
which have removed when the masonry built. 

Force Employed Excavation.—A typical day’s working force for 
drilling, blasting, mucking, and timbering shown Table 11. 

Where there was any large quantity soft ground the roof, the 
timber gang was much larger than shown Table 11, and was helped 
the mucking gang. The drillers did most the mucking out 
the heading before setting the drills. 

Excavation Weehawken Rock Tunnels.—This subject may dis- 
missed few words, very few features interest were called 
into play. The rock was good quality, being the sandstone typical 
this part the country. Little timbering was needed, there 
were buildings above the tunnel taken care of, and large 
charges powder could used. 

Work was begun September 1904, immediately the com- 
pletion the work the shaft. The North and South Tunnels 
this case are completely independent, will seen from Plate 
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TABLE 9.—SUPPLEMENTARY ANALYSIS TIMBERING, RocK TUNNEL EXCAVATION UNDER 32D STREET, 
EAST CUT-AND-COVER SECTION. 


ANALYZED CosT TIMBERING, PER FOOT RUN AND PER BENT. 


PERMANENT TIMBERING. TEMPORARY TIMBERING. GRAND TOTAL. 
Lumber 
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TABLE TIMBER, LABOR, AND SUPERINTENDENCE. 
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EXCAVATION UNDER 32D STREET, EAST CUT-AND-COVER SECTION. 
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LXXXVIII. The procedure adopted was drive top heading 
the center line each tunnel and break down the bench from 
this. The drilling was first supplied with steam power from 
temporary plant, the contractor was that time installing his 
permanent plant, which was finished the end November, 1904. 
this time the rate advance averaged lin. ft. full section 
per day hours. the end January the Weehawken rock 
tunnels were completely excavated, and the middle April, 1905, 
the excavation for the shield chambers was finished; the erection 
the shields was started the end that month. 


TABLE 11. 
Rate per Drilling and Mucking: Timbering: 
Grade. Total No. day. blasting: No. No. 
4.00 
Blacksmith............. 
2.00 


The general scheme excavation shown Plate LXXXVII. 
The bench was kept ft. behind the face the heading. The 
powder used was 60% Forcite. The general system drilling was 
shown Fig. The average length hole drilled per yard 
excavation was 2.9 ft., against 7.70 ft. Manhattan; and the 
amount powder used was 1.96 lb. per cu. yd., against 1.24 
Manhattan. There was little timbering. length about 
ft. adjoining the Weehawken shaft was timbered, also shat- 
tered seam about ft. width between Stations 262 and 
262 27. 

The two entirely separate tunnels gave cross-section which was 
much more easily timbered than the wide flat span Manhattan, and 
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the segmental timbering was amply strong without posts other 
reinforcement. 

Table summary the cost excavating the Land Tunnels, 
based actual records carefully kept throughout the work. 


TABLE 12.—Cost EXCAVATION LAND TUNNELS, 
PER YARD. 


Total yardage 
Manhattan. Weehawken. and 


average cost. 


Cubic yards 289 311 


600 
Labor. 
Surface $0.49 $0.87 
Drilling and ..... 2.24 
2.49 2.08 2.42 
Material. 
Blasting 0.21 0.21 0.21 
Surface labor, repairs and maintenance 0.15 0.08 0.14 
Field office 1,05 1,18 
Total field $7.15 
Chief office administration.. $0.38 
Plant depreciation.......... 0.66 1.01 0.72 
Street and building 0.27 
Total average cost per cubic yard $10.23 


Masonry Lining Land Tunnels. 


Plates LXXXVI and LXXXVIII show detail the tunnels 
they were actually built. will seen that all work, except 
the Gy-East contract, there was bench each side each 
tunnel which the conduits were embedded. 
the bank ducts which came next the middle wall was be- 
low subgrade, and the inner benches were omitted. 

The side-walls and subgrade conduits were 
with felt and pitch. The water-proofing was placed the outside 
the side-walls (that is, the neat line), and the space between 
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the rock and the water-proofing was filled with concrete. This 
concrete was called the “Sand-Wall.” 

The general sequence building the masonry lining shown 
Fig. The operations were follows: 


1.—Laying concrete for the whole height the sand-walls, and 
for the floor and foundations for walls and benches 
the level the base the conduits; 

2.—Water-proofing the side-walls, and, where there was middle 
trench containing subgrade conduits, laying and water-proof- 
ing these conduits; 

3.—Building concrete wall for conduits laid against, and, 
where there was middle trench, filling with concrete 
between the conduits; 

conduits; 

concrete for benches and 

6.—Building haunches from top bench springing brick 
arch; 

brick arch and part concrete back-filling; 

8.—Finishing 


The whole work will generally described under the headings 
Concrete, Brickwork, Water-proofing, and Electric Conduits. 

number types and the obstructions caused 
the heavy posting the timbering made inadvisable use built- 
traveling forms the Manhattan side, though they were used 
the Weehawken Rock Tunnels. 

The specifications required facing mixture mortar de- 
posited against the forms simultaneously with the placing the 
concrete. This facing mixture was dry, about in. thick, and was 
kept separate from the concrete during the placing steel dia- 
phragm. The diaphragm was removed when the concrete reached 
the top each successive layer, and the facing mixture and concrete 
were then tamped down together. method was first followed 
and gave good results, which was indeed foregone conclusion, the 
Weehawken shaft had been built this way. However, was found 
that good results, the way smooth finish, were obtained 
without the facing mixture spading the concrete back from the 
forms, that the stone was forced back and the finer portion the 
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mixture came against the forms; this method was followed for 
the rest the work. All corners were rounded off 1-in. radius 
mouldings tacked the forms. The side-bench forms were 
used about four times, and were carefully scraped, planed, filled 
open joints, and oiled with soap grease each time they were set up. 
When too rough for face work they were used for sand-wall and 
other rough work. 

was done No. Ransome mixer, driven 30-h.p. 
motors. The mixer Manhattan was set elevated 
platform the north end the intercepting arch; that Wee- 
hawken was placed the entrance the The sand and stone 
were stored bins above the mixers, and were led the hoppers 
the mixers through chutes. The hoppers were divided into two 
sections, which gave the correct quantities sand stone, 
respectively, for one batch. The water was measured small tank 
alongside. “four-bag” batch was the amount mixed one time, 
that is, consisted bags cement, cu. ft. sand, and 
ft. broken stone, and was called mixture. 
when mixed about yd. 

The cement was furnished the contractor the Railroad 
Company, which undertook all the purchasing from the manufacturer, 
well the sampling, testing, and storing until the contractor 


needed it. The Railroad Company charged the contractor barrel 
for this material. 


measured 


The sand was required the specifications coarse, sharp. 
and silicious, and contain not more than 0.5% mica, loam, 
dirt, clay. All sand was carefully tested before being used. The 
stone was sound trap limestone, passing mesh 
and being retained mesh. The contractor was allowed 
use coarser stone than this, namely, one that had passed 2-in. 
and was retained mesh. 

The conerete was machine-mixed, except cases local 
necessity. The quantity water used the mixture was such 
that the would quake being deposited, but the engincer 
was use his discretion this point. Concrete was deposited 
such manner that the aggregates would not separate. was 
laid layers, not exceeding in. thickness, and thoroughly 
rammed. When placing was suspended, joint was formed 
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manner satisfactory the engineer. Before depositing fresh con- 
the entire surface which was laid was cleaned, 
washed and brushed, and slushed over with neat cement grout. Con- 
crete which had begun set was not used, and retempering 
was not allowed. 

The forms were substantial and hold their shape until the 
had set. The face forms were matched and dressed 
planking, finished true lines and surfaces; adequate measures 
were taken prevent concrete from adhering the forms. 
Warped distorted forms were replaced. Plastering the face 
was not allowed. Rock surfaces were thoroughly washed and 
cleaned before the concrete was deposited. 

These specifications were followed quite closely. 

typical working gang, divided among the various operations, 
shown below: 


Superintendence. 
Assistant engineer ............. 


Surface Transport. 


Laying. 
$4.00 per day 
Forms. 


Tunnel Transport. 
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The superintendent and assistant engineer looked after the brick- 
work and other work well the concrete. The surface transport 
gang handled all the materials the surface, including the fetch- 
ing the cement from the cement warehouses. 

The tunnel transport gang handled all materials the tunnel, 
but, when the haul became too long, the gang was reinforced with 
laborers from the laying gang. the laying gang, two generally 
did the spading, two the spreading and tamping, and the remaining 
force dumped the concrete. The general cost this part the 
work shown Table 

The figures Table include the various items built into the 
concrete and some that are certificate extras connection with the 
concrete, such drains, ironwork and iron materials, rods and bars, 
expanded metal, doors, frames and fittings, etc. 

the specifications, the water-proof- 
ing was consist seven layers pitch and six layers felt 
the side-walls and layer mastic, composed of.coal-tar and 
Portland cement, plastered over the outside the arches. 

the time the work was hand, some distrust had arisen 
the efficiency this mastic coating, and great deal study 
was devoted the problem how apply felt and pitch water- 
proofing the arches. The difficulty was that there was room be- 
tween the rock and the arch between the timber and the arch 
(as the case might be) which work. Several ingenious schemes 
putting the felt layers, small pieces like shingles, were 
proposed and discussed, and full-sized model the tunnel arch 
was even built which try experiments, but was finally 
decided overcome the difficulty leaving out the arch water- 
proofing altogether, and simply building pipes for grouting through 
under pressure, case was found that the arch was wet. 

the arch built through the length excavated cut-and- 
cover the New York side, was resolved water-proof that with 
felt and pitch exactly the side-walls were done, the spandrel 
filling between the arches being raised slight ridge along the 
concrete line between tunnels order throw the water over 
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Manhattan. Weehawken. Total yardage. 


LABOR. Average Cost per Cubic Yard. 


Superintendence and labor point 


MATERIAL, 
Lumber for 0.47 0.45 0.47 
Sundry tunnel supplies..... 0.16 0.17 0.16 


Surface labor, repairs maintenance. 0.25 1.24 0.44 
Field office administration........ 0.50 


Cost Miscellaneous Items Concrete. 


Manhattan. Weehawken. Average. 


of 
Ww 
$4.18 $3.85 $4.12 
Total field $10.98 $14.98 $11.79 
Chief office administration.................. 0.24 0.31 0.25 

Total average cost per cubic yard...... $11.84 $16.86 $12.85 
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the sides. The portions arch not water-proofed were rather wet, 
and grouting with 1:1 mixture was done, but only with the effect 
stopping large local leaks and distributing general dampness 
over the whole surface the arch. 

The 24-ft. 6-in. tunnel adjoining the Terminal Station-West was 
water-proofed surface-rendering method which, the present 
time, has been satisfactory. Generally speaking, the arches the 
Land Tunnels, though not dripping with water, are the dampest parts 
the whole structure from Tenth Avenue Weehawken, and 
would seem some form water-proofing over these arches would 
have been distinct advantage. 

There was difficulty applying the water-proofing the side- 
walls, after little experience had been gained the best methods. 
The specifications required the sand-wall covered with alternate 
layers coal-tar pitch and felt, seven layers the former and six 
layers the latter, the felt Hydrex brand other equally 
satisfactory the engineer. The pitch was straight-run, coal- 
tar pitch which would soften 60° Fahr., and melt 100° Fahr., 
being grade which distillate oils, distilled from it, should have 
specified gravity 1.105. The pitch was mopped the 
surface uniform thickness in., and covering felt, pre- 
viously mopped with pitch, was applied immediately. The sheets 
were lap not less than in. cross-joints and in. longi- 
tudinal joints, and had adhere firmly the pitch-covered surface. 
This layer was then mopped, and another layer placed, and 
until all the layers were place. This water-proofing was 
from the bottom the cable conduits the springing 
the brick arch. Where sub-track conduits were used, these were 
surrounded own water-proofing. The work was carried out 
specified; the sand-walls were not rendered, but were built smooth 
enough apply the water-proofing directly them. They were dried 
with gasoline torches before the application the pitch, and very 
wet sections grooves were cut lead the water away. 

The first attempts were with the felt laid horizontal strips. 
This ended very disastrously, the pitch could not sustain the 
weight the felt, and the whole arrangement slipped down the wall. 
The felt was then laid vertically, being tacked piece horizontal 
scantling the top the sand-wall and also held row planks 
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braced against about half its height. layer porous brick 
was laid drain along the base the water-proofing, covered 
single layer felt prevent from becoming choked with concrete. 

The water-proofing the sub-track conduits was troublesome, 
the numerous layers and the necessity for preserving the proper 
laps both directions between adjacent layers made the whole thing 
kind Chinese puzzle. Various modifications, suit local con- 
ditions, were made from time time. Conduits outside the general 
outline the tunnel are difficult excavate, lay, and water- 
proof, and should avoided wherever possible. 

The usual force water-proofing consisted foreman, $3.50 
per day, and nine laborers $1.75 per day. These men not only 
laid the water-proofing, but transported the materials, heated the pitch, 
and cut the rolls felt. general, two men transported ma- 
terial, one tended the heater, and the other six worked pairs, two 


preparing the surface the concrete sand-wall, two laying pitch, 
and two laying felt. 


The cost the water-proofing operation was about shown 
Table 14. 


Manhattan. Weehawken. 


Total. 


964 736 


Average cost per square foot. 


Total fleld $0. $0.18 
Chief office and plant depreciation.......... 0.01 0.02 


Brickwork the heavy timbering, the brick- 
work Manhattan was with considerable extent, and 
the gang was always kept work two more places. The work 
was carried point where was necessary back-fill, prop 
cut away encroaching timbers, and then the men were moved 
another place while this was being done. 

The centers were set sets seven, spaced ft. apart. Two 
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14-ft. lengths 4-in. yellow pine lagging were used with each 
set ribs, with 8-in. block lagging the crown. 

All centers were set in. high, allow for settlement, except 
the 24-ft. 6-in. span, which they were set in. high. This proved 
ample, the average settlement the ribs being 0.01 ft. and the 
masonry, 0.003 ft. the 24-ft. 6-in. span the ribs were strengthened 
with 6-in. blocking and 12-in. posts subgrade. Great 
trouble was here encountered with encroaching timbering, due the 
settlement the wide flat span. Grout pipes were built in, pre- 
viously mentioned. 

Each mason laid average 0.535 cu. yd. brickwork per hour, 
4.28 cu. yd. per day. The number bricks laid per mason per 
hour was 218, per day. 

The bricks were the best quality vitrified paving brick, and 
were obtained from the Jamestown Brick Company, Jamestown, 
The average size was in.; the average number 
per cubic yard masonry was 408, the arches being from ft. 
ft. in. span and from in. thick. The joints were 
in. the face and averaged in. through the arch. 


The proportions for mortar were cement and sand. 
One yard masonry was composed 73.5% brick and 26.5% 
mortar. The volume the ingredients four-bag batch was 12.12 
cu. ft., and the resulting mixture was 9.54 cu. ft. The number 
barrels cement was 0.915 per cu. yd. masonry, and about 17.7% 
the mortar made was wasted. The average force employed was: 


Laying. 


Forms. 


Transport. 
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For materials, the following prices 
Cement, $2.00 per bbl., 
Sand, $0.90 $1.00 per yd., 


Brick, $16.00 per thousand, delivered yard, 
Centers, $26.00 each, 


Lagging, $45.00 per 1000 ft. 
The cost the brickwork given Table 15. 
TABLE 15.—Cost Brickwork. 


Manhattan. Weehawken. Total. 

LABOR. Average Cost per Cubic Yard. 

Superintendent and general labor 

0.17 0.04 0.16 

Forms: erection and 2.62 0.32 2.25 

Tunnel 1.19 1,12 1.18 

1.76 1.75 1.76 

0.20 0.22 

0.92 0.98 0.98 

0.15 0.09 0.13 

Surface labor, repairs and 0.36 1,30 0.51 

Field office administration 0.55 0.88 0.60 

Chief office $0.60 $0.66 $0.61 

Total average cost per cubic yard...... $19.31 $18.97 


Table the cost grout expressed terms barrels 
cement used, because that was the schedule prices attached 
the contract the unit payment for grout. 
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TABLE 16.—Cost Grout Over Lanp TUNNELS. 
Cost, Dollars per Barrel Cement Used. 


Manhattan. 
(Gy-East Weehawken. Total. 


Average Cost 
per Barrel Cement Used. 


Field office 0.08 0.06 0.08 
0.10 0.07 0.09 

Chief office and plant depreciation........... 0.21 0.22 0.22 


Vitrified Earthenware Conduits for Electric general 
drawings will show how the ducts were arranged, and that manholes were 
provided intervals. They were water-proofed, the case those 
embedded the bench, the general water-proofing the tunnels, 
which was carried down the level the bottom the banks 
ducts; and the case those below subgrade, special water- 
proofing felt and pitch wrapped around the ducts themselves. 

The portion wall front the ducts was bonded that be- 
hind bonds, mostly expanded metal, passing between the ducts. 
Examples the bonding will seen the drawings. 

The joints between successive lengths 4-way and 2-way ducts 
were wrapped with two thicknesses cotton duck, in. wide, those 
single-way ducts were not wrapped, but plastered with cement mor- 
tar. The ducts were laid beds mortar, and were made break 
joints top and bottom, and side side with the adjacent ducts. 
They were laid with wooden mandrel; square leather washer 
the near end acted cleanser when the mandrel was pulled 
through. 

The specifications required the ducts laid the same time 
the concrete and with it, but this was found 
very awkward operation, the tamping the concrete and the 


7 
q 
| 
| 
- 


742 PENNSYLVANIA TUNNELS, NORTH RIVER 


walking men disturbed the ducts, especially the bonds lay across 
them. was resolved, therefore, build the portion the wall 
behind the ducts first, with the bonds embedded the proper 
heights and projecting from it, then lay the banks ducts 
against this wall, bending the bonds down they were reached, 
and finally, after all the ducts were in, lay the concrete front 
and over the top the ducts. Several detailed modifications 
this general scheme were followed one time another when neces- 
sary advisable. 

The laying ducts below subgrade was not complicated the 
presence bonds, the water-proofing caused the trouble here, 
fore described. 

The specifications called for final rodding after completion. 
group the apparatus used this process shown Fig. Plate 
the various parts are identified the following key: 


duct, for telephone and telegraph cables, 
2.—2-way duct, for telephone and telegraph cables, 
duct, for high- and low-tension cables, 
4.—Plug for closing open ends ducts, 
5.—Plug for closing open ends ducts position, 
and 8.—Cutters for removing obstructions, 
9.—Hedgehog cutter for removing grout ducts, 
10.—Rodding mandrel for multiple ducts, 
11.—Laying mandrel, 
12.—Rodding mandrel, with jar-link attached, 
mandrel, 
and 15.—Rubber-disk cleaners, used after final rodding, 
and 17.—Sectional wooden rods used for rodding, 
18.—Section iron rods used for rodding. 
19.—Jar-link, 
20.—Cotton duck for wrapping joints multiple ducts, 
21.—Hook for pulling forward laying mandrel, 


22.—Top view trap for recovering lost broken rods left 
ducts. 


Ordinary gas pipe was used for the rod, and cutter with 
rectangular cross-section and rounded corners was run through ahead 
the mandrel: following the cutter came scraper consisting 
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PLATE LXXXIX. 
PAPERS, AM. SOC. 
APRIL, 1910. 
HEWETT AND BROWN 
PENN. TUNNELS: THE NORTH RIVER TUNNELS. 


P80. P.R.R. Tunnels.N. R. Div ‘Manhattan Shaft), Apparatus 
used for cleaning 
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several square leather washers, the size the ducts, spaced in- 
tervals short rod. The mandrel itself was next put through, 
three four men being used the rods. All the ducts bank 
were thus rodded from manhole manhole. When duct was rodded 
was plugged each end with wooden plug. solid wooden 
plug was used first, but afterward expansion plug 

Very little trouble was met rodding the power conduits, ex- 
cept for few misplaced ducts, small mound mortar lay- 
ing mandrel left in. such points cut was made the concrete 
and the duct replaced. 

the subgrade telephone and telegraph ducts east the Man- 
hattan Shaft, much trouble grout the ducts. The 
mandrel and cutters were deflected and broke through the web the 
ducts rather than remove this hard grout. Trenches had cut 
from the floor the top the water-proofing, the latter was then 
cut and folded back, and the ducts replaced. this, number 
ducts had taken out replace the broken ones and get the 
proper laps. The water-proofing was then patched and the concrete 
replaced. This grout had not penetrated the water-proofing, but had 
got through the ends the ducts where they had not been properly 
plugged and protected. The duct gang, both for laying and rodding, 
generally consisted 

Foreman, $3.50 per day, 
and laborers, $1.75 per day. 


When laying: men were laying, men mixing and carrying 
mortar, and were transporting When rodding: men 
were rodding, men adjacent manholes were connecting and dis- 
connecting cutters and mandrels, was joining rods, and men 
assisting generally. 

The cost this work shown Table 17. 


Transportation and Disposal. 


The track the surface and the tunnels was rails 
2-ft. gauge. 


The excavation was handled flat cars, 


and the concrete yd. mining cars dumping either the side 
end. 
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TABLE 17.—Cost Work. 


Manhattan. Weehawken. Total. 

115 962 155 151 117 
Average Cost per Duct Foot. 

Total field 0.078 0.084 0.079 

Chief office and plant depreciation........... 0.005 0.006 


When the haulage was grade, 6-in. Lidgerwood hoisting 
engines, with 10-in. single friction drums, and driven compressed 
air from the high-pressure lines, were used. Down grade, cars were 
moved and controlled hand. 

The muck which came through the shaft Manhattan was dumped 
into hopper bins the surface and thence loaded into trucks con- 
venience. the open cut, the muck was dumped into trucks direct. 
The trucking was sublet the contractor sub-contractor, who 
provided trucks, teams, and trimmers the pier. Weehawken, 
arrangements were made with the Erie Railroad which undertook 
take muck which was needed The tunnel cars, therefore, 
were dumped directly flat cars which were brought roughly 
made platform near the shaft. 

The hoisting Manhattan was derrick Tenth Avenue and 
the open cut, and the elevator the Manhattan Shaft. Wee- 
hawken, all hoisting was done the elevator the shaft. 

The sand and stone were received the wharves scows. 
Manhattan, these materials were unloaded trucks overhead 
traveler, and teamed the shaft, where they were unloaded der- 
ricks into the bins. Weehawken, they were unloaded orange- 
peel grab bucket, loaded into cars the overhead trestle, transported 
these the top the shaft, and discharged into the bins. 

The cement Manhattan was trucked from the Company’s ware- 
house, Eleventh Avenue and 38th Street, the shaft, where was 
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put into supplementary storage shed the top the shaft, whence 
was removed the mixer the elevator when needed. Wee- 
hawken, was taken flat cars directly from the warehouse the 
mixer. 


Lighting. 


Temporarily and for short time the start, kerosene flares 
were used for light until replaced electric lights, the current for 
which was furnished the contractor’s generators, which have been 
described under the head “Power Plant.” 

The lamps used along the track were and were pro- 
tected wire these were single, but, wherever work was 
going on, groups four five, provided with reflectors, were used. 


Pumping. 


Two pumps were installed the Manhattan Shaft. They had 
handle the water, not only from the rock tunnels, but also from 
those under the river. One was Deane compound duplex pump, 
having capacity 500 gal. per min., the Blake pump, 150 
gal. per min. They were first driven steam direct from the power- 
house, but compressed air was used later. When the power-house was 
shut down, electrically-driven centrifugal pump was used. This 
was driven General Electric shunt-wound motor, Type C-073, 
with speed 1250 rev. per min. 250 volts and 37.5 amperes 
(10 h.p.) when open, and 22.9 amperes h.p.) when closed, and 
had capacity 450 gal. per min. send the water the shaft 
sump during the construction, small compressed-air Cameron pumps, 
about 140 gal. per min., were used. 

the Weehawken shaft two pumps were used; these dealt with 
the water from the Bergen Hill Tunnels well that from the 
Weehawken Tunnels. first Worthington duplex pump having 
about 500 gal. per min. was used. Later, this was re- 
placed General Electric shunt-wound motor, Type O-15, with 
speed 925 rev. per min. 230 volts and amperes (20 h.p.) when 
open, and 38.5 amperes (10 h.p.) when closed. Its capacity was 240 
gal. per min. During the progress the construction, the water was 
pumped from the working face the shaft small Cameron pumps 
similar those used Manhattan. When the work was finished, 


| 
| : 
q 
d 
\- 
| 
‘ 


subgrade reversed-grade drain carried the water the shaft sump 
gravity. 

The work the Manhattan Land Tunnels was practically finished 
May ist, 1908, though the ventilating arrangements and overhead 
platform the intercepting arch were not put until after the 
River Tunnel concrete was completed, that the work was not 
finished until September, 1909. 

The Weehawken Land Tunnels work was finished July, 1907, 
but the benches and ventilating arrangements the Weehawken 
Shaft were not put until after the completion the Bergen Hill 
Tunnels, and were not finished until August, 1909. 

The reinforced concrete wall around the Weehawken Shaft, to- 
gether with the stairs from the bench level the shaft the sur- 
face, was let separate contract; the work was started September 
15th, 1909, and finished the end December, 1909. 


River 


The River Tunnel work, from some points view, has the most 
interest. interesting because the first main line crossing 
the formidable obstacle the Hudson River, and also reason 
the long and anxiously discussed point whether, view the 
preceding experiences and failures construct tunnels under that 
river, foundations were needed under these tunnels keep them from 
changing under the action heavy 

The River Tunnels here described start the east side the 
shield chambers the New York side and end the east side the 
shield chambers the New Jersey side. They thus include the New 
York and exclude the New Jersey shield chambers, the reason for such 
discrimination being that the New York shield chambers are lined 
with cast iron while those the New Jersey side are the typical 
rock section type, already described. The design the tunnels and 
their accessories will first described, then will come the construction 
the tunnels far the completion the metal lining, followed 
description the conerete lining and completion the work. 


Design Metal Lining. 


New York Shield Chambers.—The shield chambers may seen 
Plate LXXXVI, previously referred to, which shows the junction 
the iron-lined tunnels and the shield chambers. They consist two 


iron-lined pieces tunnel placed side side, with semi-circular 
arches and straight side-walls. The segments the arch are made 
break joint with one another making the side-wall column cast- 
ings two different heights, shown Fig. The length each 
ring in. 

The reason for the adoption this type construction was the 
necessity for keeping the width the permanent structure within the 
60-ft. width the street. The length this twin structure 
28.5 ft., and the weight the metal follows: 


long-column arch rings 802 433 238 lb. 
short-column arch rings 437 532 


General Type River Tunnel main ruling type 
adopted for the tunnels under the Hudson River, and the soft water- 
bearing ground for some distance the shoreward side the river 
lines, consists two parallel metal-lined tunnels, circular cross- 
section, each tunnel being ft. outside diameter, and the two tunnels 
ft. from center center, shown Fig. 10. The metal 
lining cast iron (except for few short lengths cast steel) and 
the usual segmental type, consisting “Rings” iron, each ring 
being ft. in. length, and divided radial joints into eleven 
segments, “Plates,” with one “Key,” closing segment, having 
joints not radial but narrower the outside the 
metal lining than the inside. The whole structure joined, seg- 
ment segment, and ring ring, mild-steel bolts passing through 
bolt holes flanges all four faces each segment. The joints 
between the segments are made water-tight caulking sal- 
and iron borings driven into grooves formed for the purpose 
the inner edges the flanges. The clearances between the bolts 
and the bolt holes are also made water-tight using grummets 
rings yarn smeared with red lead, having snug fit over the shank 
the bolt and placed below the washer either end each bolt. 
When passing through ground more less self-sustaining, the space 
outside the iron lining (formed the excavation being necessarily 
rather larger than the external diameter the lining itself) was 
filled with grout 1:1 Portland cement and sand forced air 
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Grout Hole, tapped & plugged 
with 114"pipe 


It Holes 21" dia. 
Bolt 


Holes 214 dia. for 
Bolt 


Holes tapped and 
with 


COLUMN 


Holes tapped and 
with 3¢"Pipe Plug 


COLUMN E__ General Notes 
Open Holes 14"dia. except 
where othe1 wise noted. 

All Fillets 


Fia. 


Grout Hole, tapped & plugged 
plug 
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DETAILS 
MANHATTAN SHIELD CHAMBERS 


3 
134 
134-4 « 
NF 5 Ss 


Papers.] PENNSYLVANIA TUNNELS, NORTH RIVER TUNNELS 


pressure through grout holes each segment. These holes were 
tapped, and were closed with screw plug before and after grouting. 

Having thus stated general way the main ruling features 
the design, detailed description the various modifications the 
ruling type will given. 


SHIELD-DRIVEN TUNNELS 


Average Thickness Cover 
between River Lines 


SOUTH TUNNEL NORTH 
10. 

The two main divisions the iron lining are the “ordinary” 
lighter type and the heavy type. The details the ordinary iron 
are shown Fig. 11, which shows all types lining. was this 
design that the contract was let, and was originally intended that 
this should the only type iron used. The dimensions the iron 
are clearly shown the drawing, and will seen that the external 
diameter ft., the interior diameter, ft. in., the length each 
ring, ft. in., and the thickness the iron skin web, in. The 
bolt holes the circumferential flanges are evenly spaced through the 
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circle, that adjacent rings may bolted together any relative 
position regards the radial joints, and, matter fact, the 
erection the tunnel lining, all the rings “break joint,” with the 
exception those the bore segments, will described later. 
This type iron, when the original type was modified, came 
known the ordinary pocketless iron; that is, the weight the 
ordinary lighter type, contradistinction the heavier one, which 
later supplanted it, and the caulking groove runs along the edges 
the flanges and does not form pockets around the bolt holes, did the 
groove later type. 

Each ring made eleven segments and key piece. 
these, nine have radial joints both ends, and are called “A” seg- 
ments; two, segments, have radial joint one end and 
non-radial joint the other. The non-radial joint placed next 
the key, which 12.25 in. wide the outside circumference the 
iron and 12.50 in. wide the inside. 

The web not uniform thickness. The middle part each 
and segment in. thick; the distance in. from the root 
each flange, the thickness web begins increase, that the 
root in. thick. The web the key plate in. thick. 

The bolts are mild steel, and are in. diameter; there are 
one joint and each radial joint. there 
are such radial joints, there are altogether bolts the cross- 
joints, making total 127 bolts per ring. 

This original type ordinary iron was modified for special 
purpose follows: was known that for some distance either 
side the river, and especially Weehawken, the tunnels would pass 
through gravel formation, rather open, and containing heavy head 
water. was thought that, carrying the caulking groove 
around the bolt holes, would possible make them more water- 
proof than the simple use the red-leaded grummets. Hence the 
“Pocket Iron” was adopted for this situation, the name being derived 
from the pocket-like recess which the caulking groove formed when 
extended around the bolt hole. The details this lining are shown 
Fig. 11, and the iron (except for the pockets) exactly like the 
pocketless type. 

the New York side, both North and South Tunnels, two 
short lengths were built with cast-steel lining. This was done where 
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144” tapped Grout hole 
with Screw Plug USE 


1%” 
——> 
CROSS-SECTION OF SEGMENT 


END ELEVATION OF SEGMENT 


SHOWING ENDS SEGMENTS 


AND KEY 


(CAST IRON AND CAST STEEL) 


Note: 
The Slotted Bolt hole type Lining, used 
reduce lron, was made 
‘type Metal Lining well the type. 


The “Pocket” type of Caulking groove was used 
only in the “Ordinary” type of Meta) Lining. 


Cast Steel Lining the “Ordinary” type was used 

at the point of transition from Rock to Silt on 

the New York side and also in passing under the 
\New York river bulkhead wall. 
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ASSEMBLY RING 


11. 


DETAILS ALL TYPES 


METAL LININGS 
SUBAQUEOUS SHIELD-DRIVEN TUNNEL 


14” tapped Grout hole 
s/ closed with Screw Plug 


diam. 
© 


AND KEY 


HEAVY CAST-IRON LINING 


END ELEVATION 
TAPER RING 


Rings were 
also used 


é¢ 


unusual stresses were expected come the lining, namely, the 
point where the invert passed from firm ground soft, and also where 
the tunnels passed under the heavy river bulkhead wall. 

The design was precisely the same for the ordinary pocketless 
iron, and Fig. shows the details. After the tunnels had entered 
into the actual under-river portion, several phenomena (which will 
described later) led the fear that the tunnels, being lighter than the 
semi-liquid mud they displaced, might subject buoyant action, 
and therefore heavier type lining was designed. The length 
ring, number bolts, were just the same for the lighter iron, 
but the thickness the web was increased from in., the thick- 
ness the flanges was proportionately increased, and the diameter 
the bolts was increased from in. This iron was all the 
pocketless type, shown Fig. 11. Table gives the weights the 
various types lining. 


ETC. 


Ordinary cast iron with- 

Ordinary cast steel with- 


Weights 
complete Weights Weights 


Reference No. 


and 
rings bolts, nuts, 
Type Lining. (segments washers, 
pounds. 


Ordinary cast iron without pockets........ 609.6 
Heavy cast iron without pockets.......... 594.0 533.4 127.6 
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The weights Table are calculated assuming cast iron 
weigh 450 per cu. ft., and cast steel 490 lb. actual practice the 
“ordinary” iron was found weigh little more than the weights 
given, and the “heavy” little less. 

The silt the sub-river portion averaged about 100 lb. per cu. ft., 
that the weight the silt displaced the tunnel was about 
548 lb. per lin. ft. 

Taper order pass around curves (whether horizontal 
vertical), correct deviation from line grade, taper rings 
were used; this meant rings which when place the tunnels 
were wider than the standard rings, either one side (horizontal 
tapers the top (“Depressors”), the bottom 

the original design taper was called for, that is, the wide 
side the ring was in. wider than the narrow side, which was the 
not only but and 1-in. tapers were often used. 

These taper rings necessitated each plate having its own unalter- 
able position the ring, hence each plate the taper ring was 
numbered, that mistake could made during erection. 

The taper rings were made casting ring with one circum- 
ferential flange much thicker than usual, and then machining off this 
flange the taper. This was not only much cheaper than making 
special pattern for each plate, but made possible see clearly where, 
and what, tapers were used the tunnel. 

Taper rings were provided for all kinds lining (except the cast 
steel), and the lack taper steel rings was felt when building the 
steel-lined parts the tunnel, nothing could done remedy 
deviations from line grade until the steel section was over and cast 


iron could again used. Table gives the weights the different 
kinds tapers used. 


Rina. 


Weight cast iron per complete ring, 
Classification. pounds 


“ “ 


at 
352.4 
854.7 


Cast-Steel Bore Segments and following feature 
these tunnels different from any hitherto built. was the 
original intention carry the rolling load independent the tunnel, 
assist the support the silt portion the structure single 
row under each tunnel, and extending down firmer 
ground than that through which the tunnels were driven. There- 
fore, provision had made whereby these piles could put down 
through the invert the tunnel with exposure the ground. 
DETAILS 


BORE SEGMENTS AND ACCESSORIES 
USED SUBAQUEOUS SHIELD DRIVEN TUNNELS 


SECTION y-Y oF! BORE SEGMENTS 
PLUG 


SECTION OF ASSEMBLED BORE SEGMENTS, PLU\, AND COVEF 


Steel Wedges. 
= Do 8. 


DETAILS OF DOG-HOLDER 


Vi {6489 
INSIDB ELEVATION OF' BORE SEGMENT NO.1 


12. 


This provision was afforded the “Bore Segments,” which are 
shown detail Fig. 12. There are two segments, called No. 
and No. respectively. These two segments are bolted together 
the bottom two adjacent rings, and thus form “Pile Bore.” 
the piles were kept 15-ft. centers, and the tunnel rings 
were ft. in. length, will seen that, between each pair 
bore-segment rings, there came four “Plain” rings. The plain rings 
were built that the radial joints broke joint from ring ring, 
but with the bore-segment rings this could not done, without un- 
necessarily adding the types segments. 


H 0 X 4, Y y 
~ ) => 
PLAN ASSEMBLED BORE PLUG, AND COVER 
F = Bore Plug Cover. 


PENNSYLVANIA TUNNELS, NORTH RIVER TUNNELS 


The bore segments were made cast steel, and were quite com- 
plicated castings, the principle, however, was quite simple. The seg- 
ments provided opening just little larger than the shaft the 
pile, the orifice being ft. in. diameter the smallest (lowest) 
point, while the shaft the pile was ft. in. order 
allow the entry the screw-blade helix the pile, slot was 
formed the depth Bore Segment No. that, when pile 
was put position above the bore, the blade, when revolved, would 
enter the slot and thus pass under the metal lining, although the 
actual orifice was only slightly larger than the pile shaft. 

The wall the pile orifice Segment No. was made lower 
than that No. allow the blade enter the slot Seg- 
ment No. When the pile not actually process being sunk, 
this lower height No. made with the removable “distance 
piece.” This had tongue one end which engaged recess cast 
take Segment No. and was held place key piece 
the other end the distance piece. Details the distance piece 
and key are shown Fig. 12. 

The flanges around the pile bore were made flat and furnished 
with twelve tapped holes, six Segment No. and six Segment 
No. for the purpose attaching the permanent arrangements 
conjunction with which the pile was attached the track sys- 
tem, independently the tunnel shell, directly the tunnel. 
was never decided which these alternatives would used, for, be- 
fore this decision was reached, was agreed that, any rate for 
the present, was better not put down piles all. 

close the bore, the “Bore Plug” was used. This shown 
Fig. 12. was cast steel, and was intended act permanent 
point the screw-pile, that is, the blade section was attached 
the bore plug, the distance piece and key were removed, and 
the pile was rotated until the blade had cleared the slot; the 
distance piece and key were then replaced and sinking resumed. 

The plug was held place against the pressure the silt 
the two “dogs,” while the dogs themselves were attached the tun- 
nel, shown Fig. ends the dogs, which rested the 
flanges the metal lining the tunnel, were prevented from being 
knocked off the flanges (and thus releasing the plug) steel clips. 

was expected that might desirable keep the lower end 
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the piles open during their sinking, that the bore plugs were not 
made permanently closed, but seating was formed.on the inner 
circumference the plug, and the seating was placed the “Plug 
Cover,” made cast iron, in. diameter and in. thick, fur- 
nished with lug for lifting and 3-in. tapped hole closed 
through which any soundings samples ground 
could taken prior sinking the piles. This plug cover was held 
place heavy steel “Yoke” under it, which engaged the 
under side the flange, top which the cover was set. The 
yoke was attached the cover tap-bolt, into the 
yoke and passing through 2-in. hole bored the center the 
cover. This rather peculiar mode attaching the cover was adopted 
that the cover could removed taking off the nut the yoke, 
case was desired open the end the pile during the process 
sinking. 

The plug was fairly close fit the bottom the orifice, that 
is, the outside circumference the tunnel, where the bore was 
ft. in. diameter and the plug ft. in., but the top the 
bore-segment there was more clearance, the plug was cylindrical 
while the bore tapered outward. fill this space, was intended 
that steel wedges should used while the shield was being driven, 
that they would withstand the crushing action the thrusting 
shield, and, when the shield was far enough ahead, that they should 
removed and replaced hardwood wedges. This method was 
only used the early weeks the work; the modification not 
using the shield-jacks which thrust against the bore segments was 
then introduced, and the wooden wedges were put in, when the bore 
plugs were set place, and driven down the stage splitting. 

When was resolved not sink the the bores had 
closed before putting the concrete lining. This was done 
means the covers shown Fig. The bore plug and all 
its attachments were removed, and the flat steel cover, in. thick 
and with stiffening webs the under side, was placed over the 
flanges the pile bore. The cover was attached the bore 
segments twelve stud-bolts, in. long, the bolt holes 
already mentioned provided these flanges. 

When these were place, with lead grummets under the heads 
the bolts and the grooves caulked, the bore segments were water- 
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tight, except Bore Segment No. the joint the distance 
piece; and, keep water from entering: here, this segment was filled 
the level the top the flanges with Portland cement mortar. 


SUBAQUEOUS TUNNELS 
COVER FOR BORE SEGMENTS 


DIA. PIPE PLUG 
STEEL 
drilled holes 
This surface to be 1%" nt 
COVER FOR BORE SEGMENT 
CAST STEEL 
HOLES FOR STUD BOLTS TO BE 
CCUNTI 
Bore Segment No.2 filled this line with LEAD 
1:1 (Portland cement mortar ” ” JOINT ALSO UNDER WASHER 


DETAIL RUST JOINT GROOVE 


CROSS-SECTION 


13. 


The weights the various parts the bore segments are given 
Table 20. 


Part. No. Material. Weight, pounds. 
Bore Segment No. Cast steel 004.0 


Complete weight one pair, without 620.4 
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Sump Segments.—In order provide sumps collect the drainage 
and leakage water the subaqueous tunnels, special “sump segments” 
were installed each tunnel the lowest point—about Station 
241 00. The details the design are shown Fig. 14. The 
segment was built into the tunnel invert though were 
ordinary “A” segment. building the sump, three lining 
ings were bolted, one top the other, and attached the flat 
upper surface the sump segment; meanwhile, the bolts attaching 
the sump segment the adjacent tunnel plates were taken out and 
the plate and lining segments were through the soft mud 
jacks, the three holes the bottom the sump 
segment being opened order minimize the resistance. The sump 
when built appeared shown Fig. 14, the top connection being 
made with special casting, shown. 

The each sump 500 gal., which about the quan- 
tity water entering the whole length each subaqueous tunnel 
hours. 

the contract was let, provision was made 
for between the tubular tunnels, the form special 
castings built into the tunnel lining intervals. However, the 
idea was given up, and these castings were not made. Later, how- 
ever, after tunnel building had started, the question was raised again, 
and was thought that such would very useful 
the maintenance forces, that might possible build them 
safely, and that their subsequent construction would made much 
easier some provision were made for them while the shields were 
being driven. was therefore arranged build, intervals 
about 300 ft., two consecutive rings each tunnel, the same sta- 
tion each tunnel, with their longitudinal flanges together, instéad 
breaking joint, was usually done. The keys these rings 
were displaced twelve bolt holes from their normal positions toward 
the other tunnel. This brought the keys about ft. above the bench, 
that they were removed, together with the plates below them, 
with regard the bench. 

Nothing more was done after the tunnels were driven. 
was then decided limit the cross-passages between the tubular tun- 
nels the landward side the bulkhead walls. They were ar- 
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Center Rods 


Top Casting 


Twisted Rod 
einforcement 


Expanded 

Note > 
Ladder in South Tunnel Sump is on |=: 
the North Side as shown. In North |/- 


|_,Tunnel Sump there are ladders on 
both North and South sides, 
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ranged follows: three the New York side, Stations 203 
22, 206 80, and 209 80, and two the New Jersey side, 


Stations 255 and 260 14. The cross-passages are square 
cross-section. 


TABLE Sump SEGMENTs. 


Weight, 
Part. Number. Material. pounds. 


Middle top casting Cast steel 880 


Total weight per sump, exclusive bolts 


Turnbuckle Reinforcement for Cast-Iron 
the period construction, certain number cast-iron segments, 
mostly the roof, but some cases Manhattan the invert, 
behind the river lines, became cracked owing uneven pressures 
the ground. Before the concrete lining was put in, considerable 
occurred the wisest course pursue with regard 
these broken plates. was finally thought best not take the plates 
out, more harm than good might done, but reinforce them 
with turnbuckles, shown Fig. 15. The number broken seg- 
ments was distributed follows: 


North Manhattan Tunnel... 87, chiefly silt (not under the river), 


South Weehawken Tunnel.. 48, chiefly silt, under the Fowler 
Warehouse. 


The chief features the tunnel lining have now been described, 
and, before giving any account the methods work, will 
well mention briefly the salient features the concrete lining 
which placed within the actual lining. 


Design Concrete Lining. 
This concrete lining will considered and described the 
following order: 
The New York Shield Chambers, 


Standard Cross-Section Concrete Lining Shield-Driven 
Tunnels, 


Pay 


NORTH RIVER TUNNELS 


ELS 


SUBAQUEOUS TUNNELS 
TURNBUCKLES AND RODS REINFORCING TUNNEL SEGMENTS 


Bolt, 21" long 


The End Nuts 
fully tightened 
before tightentle 
the Intermediate 


Nuts for grommé ting 


TIE-ROD, STEEL 


These Two Bolts placed the 
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Final Lines and Grades, and How Obtained, 
Steel Rod Reinforcement Concrete, 
Cross-Passage Lining, and 
Special Provision for Surveys and Observations. 


The New York Shield Chambers.—The cross-section the con- 
crete lining these chambers shown Plate referred 
the Land Tunnel Section. They are the twin-tunnel double- 
bench type. The deep space beneath the floor used sump for 


drainage, and manholes for access the cable conduits are placed 
the benches. 


TYPES CONCRETE LINING SHIELD-DRIVEN TUNNELS. 


' 


Cast Iron 
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16. 


Standard Cross-Section Concrete Lining Shield-Driven 
Tunnels.—The cross-section the concrete lining the tube tunnel 
shown Fig. 16. There are two main types, one extending from 
the shield chambers the first bore segment, that is, where the 
tunnel leaves solid ground and passes into silt, and the other which 
extends the rest the way. The first type has drain the in- 
vert, the second has not. 

The height from the top the rail the soffit the arch being 
less than ft. in., overhead pockets for the suspension electri- 
cal conductors were set the concrete arch the vertical axis 
line 10-ft. centers. These pockets are shown Fig. 16. The 
benches are utilized for the cable conduits the usual way. Ladders 
are provided one side 25-ft. and the other side 50-ft. 
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intervals, give access from the track level the top the benches. 
Refuge niches for trackmen are placed 25-ft. intervals the single- 
way conduits side only, there not enough room front the 
way ducts. Manholes for giving access the cable conduits, both 
power, and telephone and telegraph, are 400-ft. intervals. 

Final Lines and Grades, and How may well 
explain here how the final lines and grades for the track, and there- 
fore the concrete lining, were obtained and determined. first 
premised that the standard cross-section the tunnel (that is, 
the concrete and iron lining combined) not maintained through- 
out the tunnel. other words, the metal lining course uniform, 
practically so, throughout; the interior surface the concrete 
lining also uniform from end end, but the metal lining, owing 
the difficulty keeping the shields, and hence the tunnels built 
within them, exactly the true line and grade, not such lines 
and grades; the lining built exactly the pre-arranged 
lines and grades, consequently, the relative positions the concrete 
and metal linings vary continually along the length the structure, 
according whether the metal lining higher lower than 
should be, further the north the south, any combination 
these. 

before stated, was strongly desired encroach little 
possible the standard 2-ft. arch, and after some discus- 
sion was decided that thickness ft. in. was the thinnest 
was advisable allow. This made possible permit the metal 
lining the tunnel in. lower, respect the level the 
track any point, than the standard section shows, and also allowed 
the center line the track have eccentricity in. either 
north south the center line the tunnel. This only left 
settled the extent which the metal lining might higher 
respect the track than that shown the standard section. 

This amount was governed the desirability keeping sufficient 
clearance between the top the rail and the iron lining the in- 
vert admit the attachment pile foundations and all the ac- 
companying girder-track system which would necessarily caused 
the use piles, should ever become apparent after operation was 
begun, that, after all, was essential have the tunnels supported 
this way. Careful studies were made the clearance necessary, 
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and was decided that ft. in. was the minimum allowable depth 
from the top the rail the outside the iron the bottom. 
This meant that the iron lining could in. higher, with respect 
the track level, than that shown the standard section. 

All the determining factors for fixing the best possible lines and 
grades for the track within the completed metal lining were now 
hand. March, 1908, careful surveys plan and elevation were 
made the tunnels intervals ft. throughout. The following 
operations were then performed fix the best lines and grades: 

First, for Line: has been explained that the permissible devia- 
tion the center line the track either side the center line 
the tunnel was in. Had the metal lining been invariably the 
true diameter, would have been necessary survey only one side 
the tunnel; this would have given line parallel the center 
line, and might have been plotted such; then, setting off in. 
either side this line, there would have been obtained pair 
parallel lines within which the center line the track must lie. 
Owing variations the diameter the tunnel, however, such 
method was not permissible, and therefore the following process was 
used 

When running the survey lines through the tunnel (which were 
the center lines used driving the shields), offsets were taken 
the inner edges the flanges the metal lining, both the north 
and south sides, axis level each 25-ft. interval. the plat 
which the survey lines were laid down, and each point sur- 
veyed, distance was laid off north and south equal the fol- 
lowing distances: 

Offset, measured the tunnel north (or south), minus 
10.08 ft. 

This 10.08 ft. (or ft. in.) represents ft. in., the true 
radius inside iron, minus in., the permissible lateral devia- 
tion the track from the axis the tunnel. 

The result this process was two lines, one either side the 
survey lines, not parallel each other, but approaching each 
other when the horizontal diameter was less than the true diameter, 
receding from each other when the diameter was more, and exactly 
in. apart when the diameter was correct. long the center 
line the track lay entirely within these two limiting lines, the con- 


Pay 
dit 
the 
fin: 
lin 

the 

the 

lin 

tri 

tic 

tic 


PENNSYLVANIA TUNNELS, NORTH RIVER TUNNELS 


dition that the concrete arch should not in. less thickness 
than the standard ft. was satisfied, and order arrive the 
final line, the longest possible tangents that would within these 
limits were adopted the final lines; and, the survey lines were 
those used driving the tunnel shields (that is, the lines which 
was intended that the track should built), the amount which 
the new lines thus obtained deviated from the survey lines was 
measure the deviation the finally adopted track and concrete 
line from the original contract lines. 

Next, for Grades: The considerations for grade were very similar 
those for line. the vertical diameter the tunnel had been 
true each 25-ft. interval surveyed, would have been correct 
plot the elevations the crown invert) longitudinal sec- 
tion the tunnel, and have set over those points others in. 
above (as the metal lining could have been in. lower than the 
standard section, which equivalent the track being equal 
amount higher), and below these crown invert elevations others 
in. lower (as the metal lining could in. higher). 

Then, joining the points in. above one line and those 
in. below another, there would have been obtained lines limita- 
tion between which the track grades must lie. However, the tun- 
nel diameter was not uniformly correct, modification this method 
had made, the case the line determination, the prin- 
ciple, however, remaining the same. 

The elevations were taken the inner edges the circumferen- 
tial flanges the metal lining, not only the bottom, but also 
the top, the tunnel, each 25-ft. interval; then, for the upper 
limit the track each such interval the following was plotted: 

Elevation inner edge flange top, minus 16.58 ft. 

This 16.58 ft. (or ft. in.) was obtained thus: The standard 
height from the top the rail the inner edge the iron flange 
ft. in., but, the track may in. above the standard 
normal, the minimum height permissible ft. in. For the 
lower limit track each 25-ft. interval the following was plotted: 

Elevation inner edge flange bottom, plus 3.83 ft. 

This 3.83 ft. (or ft. in.) was obtained thus: The standard 
height from the top the rail the inner edge the iron flange 
ft. in. ft. outside iron, less in. for depth flange), 
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but, the track may in. below the standard, the minimum 
height permissible ft. in. less in., ft. in. 

plotting the elevations thus obtained, two lines were obtained 
which were not parallel but were closer together further apart 
according the actual vertical diameter was less greater than the 
standard, and the track grade had lie within these two lines 
order comply with the requirements indicated above. The 
results these operations for the North Tunnel are shown 
Plate XC. 

The greatest deviations between the lines and grades the 
subaqueous tunnels determined these means and those 
originally laid out the contract drawings are the Weehawken 
side, and were caused the unexpected behavior the tunnel when 
the shields were driven “blind” into the silt, causing rise which 
could not overcome, and the thrusting aside one tunnel 
the passage the neighboring one. Had this unfortunate incident 
not occurred, clear that would have been possible adhere 
very closely indeed the contract lines and grades, although the 
deviation small, considering all things. 

The internal outline the concrete cross-section uniform 
throughout, and built the lines and grades thus described. 

Steel Rod Reinforcement Concrete—The original intention 
had been line the metal lining the tube tunnels with plain 
but, the discussion the foundation question continued, 
was felt advisable, while still was intended put the founda- 
tions, guard against any stresses which were likely come 
the structure, using system steel rods embedded 
ferentially within the Designs were made this basis, and 
even the prepared, before the decision omit the 
piles altogether was reached. However, order provide safe- 
guard for the structure where partly wholly beyond the solid 
rock, was decided use reinforcement, even with the piles omitted. 

For this purpose the tunnel was considered girder, and 
longitudinal reinforcement was provided the top and bottom. The 
top reinforcement extends from point ft. behind the point where 
the crown the tunnel passes out rock the New York side 
where the crown passes into rock the New Jersey side. The 
bottom reinforcement extends from where the invert the tunnel 
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passes out rock the New York side where passes into 
rock the New Jersey side. 

The reinforcement both top and bottom consists twenty 
square twisted rods, ten placed symmetrically either side 
the vertical axis, in. apart from center center and set in. 
(to their centers) back from the face the concrete. 

further precaution, circumferentially-placed rods were used 
the landward side the river lines, mainly assist preventing 
the distortion shape which might occur here, either under present 
conditions, such under the Fowler Warehouse Weehawken, 
under any possible different future conditions, such might 
brought about building some new structure the vicinity 
the 

For purposes classification the circumferential reinforce- 
ment, the tunnel was divided into two types, and “C”; (Type 
“A” the portion which, being wholly solid rock, was not 
all). 

Type “B” covers the part the tunnels both sides the river 
lying between the point where the top the tunnel passes out 
rock the point where the invert passes out rock the Man- 
hattan side, out gravel the Weehawken side. The reinforce- 
ment consists twenty 1-in. square longitudinal rods the crown 
the tunnel, described for the general longitudinal reinforce- 
ment, together with 1-in. square rods 10-in. centers, 
and extending over the arch ft. in. below the horizontal axis. 

Type “C” extends from the latter limit Type “B” the 
river line each ‘side, and consists longitudinal reinforcement 
both top and bottom, described before, together with 
ferential entirely around the tunnel, and formed 
square twisted rods 15-in. centers. 

Type “D” consists longitudinal reinforcement only, and extends 
from river line river line, thus 72.5% the length 
which used. The consists twenty 1-in. 
twisted rods 9-in. centers the crown, and twenty 1-in. rods 
centers the invert. addition the three standard types, 
and there were two sub-types which were used 
Type and conjunction with wherever the thickness the 
center the concrete arch became less than ft. in., measuring 
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the outside the metal lining. This thickness was one the limits 
used laying out the lines and grades, and general the arch was 
not less than this. There were one two short lengths, however, 
where was less, for, the arch thickness requirement had been 
adhered to, would have resulted break line grade for the 
sake perhaps only few feet thin arch, and was here that the 
sub-types came into play. 

Sub-type was used where the arch was less than ft. in. thick 
the top. The extra reinforcement here consisted 1-in. square 
twisted rods, ft. long, laid circumferentially the crown 10-in. 
centers. 

Sub-type was used where the arch was less than ft. in. thick 
the side. The extra here consisted 1-in. square 
twisted rods, ft. long, laid circumferentially, the side which 
the concrete was thin, 10-in. centers. Very little either 
these two sub-types was used. The entire scheme shown graphically 
and clearly Plate XCI. 

Cross-Passage are two main types 
Lined with steel plates, and unlined. 

There only one example lining with steel plates, namely, 
the most western one Weehawken. This built rock which 
much water that, order keep the tunnels and the 
passage dry, was decided build concrete-lined passage, without 
attempting stop the flow water, and within this place riveted 
steel lining, not contact with the concrete, but with space be- 
tween the two. This space was drained and the water led back the 
shield chamber and thence the Weehawken Shaft sump. The 
interior the steel lining covered with concrete. 

the passages not lined with steel plates the square concrete 
lining rendered the inside with water-proof plaster. Each 
the passages provided with steel door. 

Provisions Concrete Lining for Surveys and 
The long protracted discussion the provision for 
these tunnels led many surveys, tests, and observations, which 
were carried out during the constructive and, was de- 
sired continue many these observations possible and 
after the time when traffic started, certain provisions were made the 
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concrete lining whereby these requirements might fulfilled. The 
chief points which information was desired were follows: 


The change elevation the tunnel, 

The change lateral position the tunnel, 
The change shape the tunnel, 

The tidal oscillation the tunnel. 


detailed account these observations will found another 
paper this work, but may said now that was very desirable 
able get this information independently the traffic far 
possible, and therefore provision was made for carrying the 
observations from the side benches. 

For studying the changes level the tunnel, permanent 
bench-mark established each tunnel where the solid rock 
and therefore not subject changes elevation; throughout the 
tunnel, brass studs are set the bench intervals about 300 ft. 
series levels run every month from the stable bench-mark 
each these brass plugs, thus obtaining indication the change 
elevation that the tunnels have undergone during the month. 

These results are checked permanent bench-marks 
subaqueous portion the tunnels. These consist rods, encased 
pipes larger diameter, which extend down through the tunnel 
invert into the bed-rock below the tunnel. Leakage kept out 
stuffing-box the invert. measuring between point these 
rods where they pass through the invert and the tunnel itself 
direct reading the change elevation the tunnel obtained. 
These measurements are taken weekly intervals, and, the tunnels 
are subject tidal influences, being lower high tide than low 
tide, are always taken under the same conditions height 
water the river. These permanent bench-marks are Stations 
209 and 256 (about 100 ft. the shoreward side 
the river line each case) the South Tunnel, Stations 220 
and 243 86, also the South Tunnel, and Station 231 
the North Tunnel. order study the lateral change posi- 
tion, base line was established the side bench each end 
each tunnel the portion built through the solid rock. 

intervals about 300 ft. throughout each tunnel, alignment 
pockets are formed the concrete arch, also above the bench, the 
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south bench the North Tunnel and the north bench the South 
Tunnel. each pocket placed graduated and verniered brass 
bar, that, when the base line projected these bars, the lateral 
movement the tunnel can read directly. was desirable 
have much possible between the tunnels the 
points where the instruments were set up, five the main survey 
were set opposite each the five cross-passages. Then, for 
the purpose increasing the cross-connection still further, pipes 
in. diameter were put through from one tunnel the other 
axis level Stations 220 60, 231 78, 234 64, 241 99, 
and 251 13, and survey station was put opposite each one 

Points were established Station 220 00, which the point 
intersection for the curve the original center line the tunnel, 
and also Station 220 23, where the intersection the track 
center line comes the North Tunnel. was desirable have 
the survey stations not much more than 300 ft. apart, obtain 
clear sights, other stations were established that the distances be- 
tween survey stations were about that interval. 

For studying changes shape the tunnel, brass “diameter 
markers” were inserted each survey station the concrete lining 
the extremities the vertical and horizontal axes. These were pieces 
brass bar, in. diameter and in. long, set the 
and projecting in. into the tunnel, that tape could easily 
held against the marker and read. 

For obtaining the tidal oscillation elevation the tunnel, 
recording gauges are attached the invert the tunnel each 
the five permanent bench-marks referred above such way that 
the recording pencil the gauge actuated the rod the 
permanent bench-mark. roll graduated paper driven clock- 
work below the recording pencil which thus marks automatically the 
relative movement between the moving tunnel and the stable rods. 
These have shown that the subaqueous part the tunnel there 
regular tidal fluctuation elevation, the tunnel moving down the 
tide rises, and rising again when the tide falls. For average tide 
about ft. the tunnel oscillation would about in. Before the 
concrete lining was placed, there was tidal change the shape 
tunnel, which flattened about in. high tide. After the 
lining was placed, this distortion seemed cease. 
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The general design and plan the work have been described, and 
before -giving any account the contractor’s methods carrying 


out, Table 22, showing the chief quantities work the river 
tunnels, presented. 


Actual Methods Construction. 


The following account the methods used the contractor 
out the plans which have already been 
may well point out the sequence they developed 
this work. These events may divided into six periods. 


and Iron Lining: June, 1903, November, 1906; 

2.—Caulking and grummeting the iron lining: November, 1906, 
June, 1907; 

3.—Surveys, tests and observations: April, 1907, April, 1908; 

4.—Building cross-passages and pile bores: April, 1908, 
November, 

5.—Placing the lining: November, 1908, June, 1909; 


6.—Cleaning and various small works: June, 1909, Novem- 
ber, 1909. 


The tunnels were under average air pressure lb. per sq. in. 
above normal for all except Periods and during which times there 
was air pressure the tunnels. 


All the work will described this paper except that under 
Period which will found another paper. 

Period and Iron Lining, June, November, 
gives the chief dates connection with this period. 

Manhattan Chambers—The Manhattan shield chamber con- 
struction will first The Weehawken shield chambers 
have been described under the Land Tunnel Section, they are 
the regular masonry-lined Land Tunnels type, whereas the Manhattan 
chambers are segmental iron lining with concrete inner lining. 

During the progress the location the New York 
shield chambers was moved back 133 ft., previously described the 
Tunnel” Section, and when the location had been finally de- 
cided, there was middle top heading driven all through the length 
now the shield chamber. Narrow cross-drifts were taken 
out right angles the top heading, and from the ends these the 
wall-plate headings were taken out. Heavy timbering was used, 
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DESCRIPTION, QUANTITY 


LENGTH, Cast steel, 


ordinary 
pocketless. 


Cast iron, 


Cast iron, 
heavy 


ordinary 
pocket. 


Cast iron, 
ordinary 


Total. 


> 


Length, feet. 


Excavation, cubic 


Cast-iron tunnel lining, 


pounds. 


Cast-steel tunnel lining, 


pounds. 
Steel bolts and washers, 
pounds, 


Rust 
linear feet. 


Concrete, cubic 


Steel bolts, hooks, etc., 
pounds. 


Expanded metal, 


Vitrified conduits, 
duct feet. 


Per linear foot........... 


Per linear foot.......... 


Per linear foot ......... 


Per linear foot.......... 


Per linear foot.......... 


Per foot.......... 


Per linear foot.......... 


374.99 
344 
15.4 


643 120 715 405 
061 186 


724 095 


475 991 


170 755 935 
39.0 39.1 


030 827 


4.58 


098 


19.1 


Per linear foot.......... 


Per linear foot.......... 


980 142. 


84.5 84.5 


OR6 
0.506 


146.3 


115 728 


| 


522.05 152.66 


255.00 ft. 


001 349 
15.4 15.4 


559 845 


549 711 
151.4 


96.4 


0.406 


50.81 


189 616 cu. yd. 


121 765 412 Ib. 


583 516 


210 434 Ib. 


482 718 ft. 


618 cu. yd. 


250 388 Ib. 


104 596 Ib. 


752 


659 700 duct ft. 
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Shaft and preliminary 
Shaft and preliminary 
Excavation shield 
Cast-iron lining shield 
Cast-iron lining shield 
Excavation tunnels begun before installation shield........... 
Commenced building falsework for 
First ring permanent cast-iron lining put 
First air lock bulkhead 
First air lock wall... 
Rock disappeared from invert 
First pair bore segments built 
Rip-rap river bulkhead wall 
First pile met (in river bulkhead wall Manhattan, and Fowler 

warehouse foundation 
First ring erected river side shore 
Removing hood 
Second air-lock bulkhead 
Second air-lock bulkhead 


Tunnel holed through with meeting 
Last ring permanent cas: iron lining built 


North Manhattan. 


June 10, 
December 11, 
May 24, 
January 21, 
February 
March 13, 
October 17, 
March 
March 11, 
March 13, 
March 27, 
May 11, 

May 12, 

May 29, 
June 
June 25, 
December 
December 
bruary 


February 
March 
March 
March 27, 
April 

May 12, 

May 21, 


North 
Weehawken. 


June 
September 
January 16. 
March 25, 
None. 
None. 
January 13, 
March 23, 
March 20, 
March 27, 
April 12, 
May 25, 
May 29, 
June 15, 
June 
June 29, 
October 31, 
January 12, 
None. 


January 
February 
February 
February 
February 
March 19, 
March 24, 


September 12, 1906. 
ctober 1906. 


South Manhattan. 


June 10, 
December 11, 
May 24, 

May 13, 

May 15, 

June 14, 
January 
June 19, 
June 22, 
June 22, 
June 
August 27, 
August 27, 
September 18, 
September 23, 
October 
February 
February 16, 
April 11, 


July 13, 


July 21, 


South 
Weehawken. 


June 11, 
September 
16, 


None. 


December 
January 19, 
January 19, 
January 24, 
11, 
March 18, ’06. 


October 1906. 
November 18, 1906. 
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the rock cover was only about ft., and the whole span covered 
was ft. The process adopted was excavate and timber the north 
side first, place the iron lining, and then excavate the south side, using 
the iron the north side the supports for the north ends the 
segmental timbering the south. The only incident note was that 
2:00 M., October 20th, 1904, the rock the west end the 
south wall-plate heading was pierced. Water soon flooded the work- 
ings, and considerable disturbance was caused the New York Cen- 
tral Railroad yard above. The cavity the surface was soon filled in, 
but stop the flow mud and water was quite troublesome job. 

The was begun May 24th, 1904, and finished May 
15th, 1905. segments were placed erector consisting 
timber boom supported cross-timbers running car wheels 
longitudinal timbers each side the tunnel. Motion was trans- 
mitted the boom two sets tackle, and the heavy 
segments were easily handled. The erection the lining was started 
February 4th, 1905, and finished June 14th, 1905. 

While the shield chambers were being excavated, bottom headings 
were run along the lines the river tunnels and continued until the 
lack rock prevented their being driven further. 
afterward enlarged the full section far possible. 
working the shield chambers was follows: 


These were 
The typical 


Ten-hour Shifts. 
Drilling and Blasting. 


Mucking. 
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Erection Shields—The tunneling shields have been described 
some detail the section this paper dealing with con- 
tractor’s plant. They consist essentially two parts, the structural 
steelwork and the hydraulic fittings. The former was made the 
Riter Conley Manufacturing Company, Pittsburg, Pa., and put 
the Terry and Tench Company, New York City; the hydraulic 
fittings were made and put the Watson-Stillman Company, 
New York City. 

the New York side, the shields were built inside the iron 
lining the shield chambers, hence falsework was needed, 
the necessary hoisting tackle could slung from the iron lining; 
Weehawken, however, the erection was done the bare rock excava- 
tion, that timber falsework had used. The assembly and 
riveting took about weeks for each shield; the riveting was done 
with pneumatic using compressed air direct from the tunnel 
supply. 

After the structural steel had been finished, the shields, which 
hitherto been set the floor the chambers order give 
room for working over the top, were jacked grade; this in- 
volved liftihg weight 113 tons. While the hydraulic fittings were 
being put in, the shields were moved forward cradle, built 
concrete with steel rails embedded, which the shield was driven 
for the length which the tunnel was solid rock. 

The installation the fittings took from weeks 
per shield. The total weight each finished shield was about 193 
tons. The completed shield, appeared the tunnel, shown 
Fig. Plate XCII. The typical working shield erection 
was follows: 


Ten-hour Shifts. 
Shield Erection. (Terry and Tench.) 


Hydraulic Work. (Watson-Stillman Company.) 
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General Labor. (O’Rourke Engineering Construction Company.) 


the lining were erected the tail the shield. These first 
rings were then firmly braced the rock and the chamber lining; 
then the shield was shoved ahead its own jacks, another ring 
was built, and on. 

The: description the actual methods work the shield- 
driven tunnels can now given; this will divided generally into 
the different kinds conditions met the working face, for example, 
Full Face Rock, Mixed Face, Full Face Sand and Gravel, 
Under River Bulkhead, and Full Face Silt. 

The last heading the one under which far the longest length 
tunnel was driven, and, not much has hitherto appeared de- 
the handling shield through this material, considerable 
space will devoted it. 

Full Face was described when dealing with the 
shield chambers, much possible the rock excavation was done 
before the shields were installed. the New York side, about 146 
ft. tunnel was completely excavated, with ft. bottom head- 
ings beyond that, and Weehawken, and ft. tunnel and 
heading beyond, respectively. This was chiefly done avoid handling 
the rock through the narrow shield doors. Test holes were driven 
ahead short intervals make sure that the rock cover was not 
being lost, but, nevertheless, Weehawken, February 14th, 1905, 
blast broke through the rock and let the mud flow in, filling the 
tunnel for half its height for distance 300 ft. from its face. 

Throughout the rock section the shield traveled cradle 
concrete which were embedded either two three steel rails. 
the portion which the whole the excavation had been taken 
out, was only necessary trim off projecting corners rock. 
the portion which only bottom heading had been driven, the 
excavation was completed just front the shield, the drilling 
below axis level being done from the heading itself, and above that 


After the shield was finished and position, the first two rings 
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from the front sliding platforms the shield. The holes were placed 
near together and drilled short, and very light charges powder 
were used, lessen the chance knocking the shield about 
too much. this work the small shield doors hampered the work 
greatly, and might have been well have provided larger bottom 
opening which could have been subdivided partly closed when 
soft ground was met; the other hand, the quantity thus handled 
was small, owing the fact that the greater part the rock 
excavated before the shields were installed. 

The space outside the lining was grouted with 1:1 mixture 
Portland cement and sand. Large voids were hand-packed with stone 
before grouting. The details grouting will described later. 

typical working gang given herewith. Two such gangs 
were worked per shield per hours, hours per shift. All this 
work was done under normal air pressure. 


General: 


Tunnel superintendent......... $200.00 per month 


Assistant tunnel superintendent 5.00 per day 
Drilling: 
Mucking: 


Erecting Iron and Driving. Shield: 
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The duties such gang were follows: The tunnel superin- 
tendent looked after both shifts one shield. The assistant 
“walking boss” had charge all work the tunnel one shift. 
The general foreman the labor the face. The 
electricians looked after repairs, extensions the cables, and lamp 
renewals. The pipefitters worked both tunnels repairing leaks 
pipes between the power-house and the working faces, extending the 
and attending shield repairs, and the latter work 
the erector runner helped. 

The drillers stuck their own jobs, which were not subject 
interruption long the bottom headings lasted. One waterboy 
and one powderboy served two tunnels. The muckers helped the iron 
men put the rings lining, well doing their own work. 
The iron men tightened bolts, whenever not actually building iron. 
The list does not include the transportation gang, which will 
under its own heading. 

The rate progress attained was 4.2 ft. per day per shield where 
most the exeavation had been done before, and 2.1 ft: where 
none had been done before. 

When the shields had got far enough away from the shield chamber, 
and before rock was lost, the air-lock bulkhead walls were 
put in. 

Air-Lock Bulkhead Walls.—The specifications required these walls 
and all their fittings strong enough stand pressure 
per sq. in. all the walls were ft. thick- 
ness, except the first two, which were ft. thickness, and grouted 
tight. 

There were three locks each bulkhead wall holding 
men, namely, the top lock which set high order 
afford safe means getting away flood; this lock 
was used continuously for producing the lines and levels into the 
tunnels. was very small and cramped for this purpose, and 
larger one would have been better, both for lines and emergencies. 
This lock was directly connected with the overhead platform (also 
called for the specifications) which ran the whole length the 
tunnels. Side side, the level the lower working platform 
the tunnel, were the man lock and the muck lock. addition 
number pipes were built give access the and for 
passing pipes, rails, ete., and out. 
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After each tunnel was about 1200 ft. ahead the first walls, 
second wall was built just like the first, and others were put in, 
that altogether there were eight walls. This second wall not only 
gave added safeguard the tunnel but enabled the air pressure 
the working face divided between the two walls, and this 
compression decompression stages, separated spell walk- 
ing exercise, was found very good for the health those 
working the air. 

the rock cover became thin that was 
risky without the air pressure, the air pressure was turned 
on, starting with from which was enough stop the 
water from the gravel top the rock. first, when the 
the rock was penetrated, the soft face was held horizontal 
boards braced from the shield until the shield was shoved. The braces 
were then taken out and, soon the shield had been shoved, were 
replaced others. the amount soft ground the face in- 
creased, the system timbering was gradually changed one 
2-in. poling boards resting top the shield supported 
the face vertical breast boards, turn held 6-in. walings 
braced both through the upper doors the iron lining and from the 
sliding platforms the shield.. The latter were their forward 
position before the shield was shoved, the pressure being turned off 
and the exhaust valves opened just before the shove began. the 
shield went ahead, the platform jacks gradually exhausted and thus 
held enough pressure the face keep up. Fig. sketch 


this method. driving through mixed ground typical work- 
ing gang was about follows: 


General: 
Tunnel superintendent..........@ $300.00 per month 
Assistant tunnel superintendent 5.00 per day 
Drilling: 
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Timbering: 


Mucking: 

Erecting Iron and Driving Shield: 


The average rate progress was 2.6 ft. per day. 


this case there were three such gangs, each 8-hour shift. 
Full Face Sand and condition affairs was only 
met Weehawken. Two systems timbering were used. the 
first system, Fig. 17, the ground was excavated ft. in. ahead 
the cutting edge, the roof being held longitudinal poling boards, 
resting the outside the skin their back end and vertical breast 
boards the forward end. When the upper part the face was dry, 
was held vertical breast boards braced from the sliding platform 
and through the shield doors cross-timbers the tunnel; the 
lower part, which was always wet, was held horizontal breast boards 
braced through the lower shield pockets cross-timbers the tunnel. 
This system worked all right long the ground the top was 
sandy enough and had sufficient cohesion allow the polings put 
in, but, when the upper part was gravel, thus making impossible 
put the longitudinal polings the vertical breasting, the second 
system came in. Here the excavation was only carried ft. in. 
(half shove) ahead the cutting edge, and the longitudinal polings 
were replaced transverse boards supported pipes which were 
placed the holes provided the shield accommodate some tele- 
poling struts which had been designed but not made. These 
pipes acted cantilevers, and were two parts, pipe wedged 
tight into the holes and smaller pipes sliding inside them. After 
small section the ground had been excavated, board was placed 
against it, one the pipes was drawn out under it, and wedges were 
driven between and the board. These polings were kept below the 
level the hood, that when the shield was shoved they would come 
inside it; addition, they were braced with vertical posts from 
the sliding platforms. The upper part the face was held longi- 
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Sliding Flatforms 


POSITION BREAST ELEVATION FACE 


BOARDS BEFORE SHOVING 
ELEVATION FACE SHOWING BREAST BOARDS 
POSITION OF BREAST FOR NEXT SHOVE 


BOARDS BEFORE SHOVING SHOWING BREAST BOARDS 
FOR NEXT SHOVE 


METHOD TIMBERING FACE SAND AND GRAVEL 


Temporary 
Boards ‘emporary 


ELEVATION FACE 


POSITION BREAST BREAST SETTING FORWARD BREAST 
BOARDS BEFORE SHOVING BOARDS AFTER SHOVING BOARDS FOR NEXT SHOVE SHOWING BREAST BOARDS 
FOR NEXT SHOVE 
1G. 17. 
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tudinal breast boards braced from the sliding platform vertical 
pieces. The lower part the face was supported vertical 
sheet-piling braced the tunnel through the lower doors. Sometimes 
two rows piling were used, but generally one, shown Fig. 17. 
Notwithstanding the fact that the breasting was only ft. in. ahead 
the hood, the shield was moved its full stroke ft. in., the 
ground around the cutting edge the hood being scraped away men 
working bars the place from which the temporary breast boards 
the had been removed. The back pressure the 
sliding platform jacks, when the exhaust valves were only partly open, 
offered good deal resistance, and held the face long the 
movement the shield was continuous. 


one when for some reason the shield was stopped with 
the shove only partly done, and the exhaust valves had not been shut 
off, the platforms continued slide and allowed the face collapse; 


and gravel and the flow choked itself. 

soon the rock surface was penetrated and the sand and gravel 
were met, which happened almost the same time the two 
Weehawken Tunnels, the escape air increased enormously, and 
once became clear that was impossible keep enough air the 
two tunnels the methods then use, even when working the three 
compressors, each capable compressing 4400 cu. ft. free air per 
min. top speed. When the shields just entered the sand and gravel. 
the face had been held light breasting, without any special effort 
prevent the escape air, but when was found impossible supply 
enough air, large amount straw and clay was used front 
the boards. 

This cut down the escape, but, much air was escaping through 
the joints the iron lining, these were plastered with Portland 
then, the loss was too great, therefore one tunnel was shut down 
entirely and all the air was sent the other. This allowed pressure 
kept the working tunnel, and this, though less than 
the head, was enough allow progress made. order use 
one tunnel drain for the other, the two faces were always kept 
within 150 ft. each other working them alternately. The 
timbered face was never grouted, though this would have reduced the 
loss air, the same time would have decreased the progress 
very much, and any one who saw the racing engines the power- 


the shield platforms and doorways, however, caught the falling 
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house, and realized that breakdown one them would mean the 
loss the faces, was ready admit that the quicker this particular 
period was cut short, the better. 

Above the sand and gravel lay the silt, and, when showed the 
roof, the escape air was immediately reduced and the two faces could 
worked simultaneously. Almost the same time the piles support- 
ing the large warehouse, known the Fowler Building, were met. 
Although the face now took much less timber, the same system 
breast boards had been used the gravel was kept up, but 
skeleton form. They were set ft. in. ahead the shield, however, 
instead ft. and the transverse roof poling boards were 
replaced longitudinals resting the shield. The more piles the 
face the less timbering was The piles were cut into handy 
lengths with axes and chisels. 

All timbering was light compared with the weight the ground, 
but, the shove took place soon the set was made, served its 
purpose. When face was closed down the whole system was greatly 
reinforced braces from the shield, the face which was closed 
the doors. 


driving through such face the typical 8-hour shift gang was 
about follows: 


General: 
Tunnel superintendent......... $300.00 per month. 
Assistant tunnel superintendent. 5.00 per day. 
Timbering: 
Mucking: 
Erecting Iron and Driving Shield: 
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The drillers were not kept after the rock disappeared; foreman 
was added who divided his time between iron erection and mucking. 

The average rate progress sand and gravel without piles was 
5.1 ft. per day per shield. When piles and silt were met the upper 
part the face, the speed increased 7.0 ft. per day. 

Passing Under River Bulkhead—At Weehawken trouble was 
found passing under the river wall, the bulkhead consisted 
only cribwork supported silt, and, though the piles obstructed the 
motion the shield, they were easily cut out, and the cribwork itself 
was well above the top the shield. 

the New York side, however, conditions were not nearly 
good. The heavy masonry bulkhead was supported piles and 
shown Fig. 18. The line the top the shield was about ft. 
above the bottom the rip-rap, the spaces between the stones which 
were quite open and allowed free flow water directly from the 
river. soon, therefore, the cutting edge the shield entered 
the rip-rap there was blow, the air escaping freely the ground 
surface behind the bulkhead and the river front it. Olay 
puddle, mud made from the excavated silt, was used large 
quantities plug the interstices between the stone the working 
face, the air pressure being slightly greater than that needed keep 
out the water holding place. The excavation the rip-rap was 
tedious affair, for had removed one stone time and the 
spaces between the newly exposed stones plugged with mud immediately. 
One man stood ready with the mud while another loosened the stones 
with bar. When the shield had advanced its own length the rip- 
rap, another point for the escape the air was exposed the rear end 
the shield. This loss was closed the leading end the last ring 
with mud and cement sacks. 

long the shield was stationary was possible, using these 
methods and exercising great care and watchfulness, prevent 
excessive loss air; but, while the shield was being shoved ahead, the 
difficulties were much increased, for the movement the shield dis- 
placed the bags and mud fast they were placed, and was only 
shoving slowly and having large number men looking out for 
leaks and stopping them the instant they developed that excessive 
loss air could prevented. erecting the iron lining, each 
segment was brought into position, was necessary clean off the 
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SKETCH SHOWING RIVER TUNNELS PASSING 
UNDER BULKHEAD WALL MANHATTAN 
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which were weighted 
down by Rip-Rap 


CROSS-SECTION RIVER BULKHEAD WALL AXIS NORTH TUNNEL 


Note: The details of the River 


Bulkhead Wall not actually 
seen, were taken from the 
Dock Department Drawing, 
North 
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PLAN SHOWING PILES REMOVED ALLOW PASSAGE SHIELD 


leading surface the previous ring and the adjacent portion the 
tail the shield; this was always accompanied slight “blow,” 
and for some time the air pressure the tunnel dropped from 
that is, from greater than the balancing pressure less, every 
time segment was placed, and two occasions the “blow” became 
great that the tunnel pressure was reduced considerably further, 
and consequence the water from the river rushed and was not 
stopped until had risen about ft. the tunnel invert. such 
the surface the river was greatly disturbed, rising more 
than ft. the air sort geyser. large quantity grout 
(about 2500 bbl. cement and similar quantity sand the 
North Tunnel and 1000 bbl. the South Tunnel) was used this 
point; was forced through the tunnel lining immediately behind the 
shield, greatly reducing the loss air and helping bind the rip-rap 
together. 

When the shield had traveled ft. through the rip-rap, the piles 
which support the bulkhead were met. One hundred these which 
were spaced 3-ft. centers each direction, were cut out the path 
each shield distance ft. The presence the piles caused 
considerable extra labor, each pile had cut into several pieces 
with axes enable removed through the shield doors, other- 
wise they presented difficulties. was not necessary timber the 
face, the piles supported most effectively. 

When the river line had been passed, the “blow” still continued, 
and there was heavy ground above the tunnel the light silt 
was carried away into the water the escaping air. one time 
the cover over the crown the tunnel was reduced such extent 
that for distance ft. there was less than ft. very soft 
silt, and some places none all. ‘Therefore, the shield was 
stopped and the air pressure reduced until was less than the bal- 
ancing pressure; the blow then ceased, and about 28000 cement bags 
filled with mud were dumped into the hole (the location made im- 
possible dump them masse from scow). They were then 
weighted down with rip-rap. This sealed the blow, and the work was 
continued without any further disturbance from this source. Just 
before the blow reached its maximum was found that two the 
piles which had been encountered were directly the path one 
the proposed screw-piles. was therefore decided pull these, 
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and this was done with two 40-ton hydraulic jacks supported the 
upper sliding platforms and acting horizontal timber which was 
connected the piles tie-rods and chains. The working force 
here was similar that employed in. the sand and gravel section 
previously described. 

Full Face full face silt was first met under the 
New York Central Railroad freight yard the New York side. 
this point the ground passed through had been either solid rock 
mixed face rock and gravel. both these the full ex- 
cavation had taken out before the shield could shoved, and 
the soft ground had needed timbering. When the rock, gravel, and 
hardpan gave place full face silt, the timber was removed, 
all the shield doors were opened, and the shield was shoved into the 
ground without any excavation being done hand ahead the 
diaphragm. the shield advanced, the silt was forced through the 
open doors into the tunnel. After the work had gone this way 
for some time, taking about 90% the full volume the tunnel 
excavation per foot forward, the air pressure was raised from 
The result was that the silt the face got harder and 
flowed less readily through the shield, and the amount taken fell 
about 65% the full volume. This manner shoving once 
caused disturbance the surface and the railroad tracks above the 
tunnel were raised, that the pressure was lowered lb., then the 
muck got softer and the full volume excavation was taken in; 
after while the pressure was again raised lb. 

The forcing the shield through the silt resulted rising 
the bed the river, the amount that the bed was raised depending 
the quantity material brought into the shield. 

the whole volume excavation was being brought in, the 
surface the bed was not affected; when about 50% was being 
taken in, the surface was raised about ft.; the shield was being 
driven blind, the bed was raised about ft. 

The number open doors was regulated take the 
minimum quantity muck consistent with causing surface dis- 
turbance. the average, the North Manhattan Tunnel, all the 
doors were open, but the South Tunnel there were generally only 
five six out the total nine. 

front the bulkhead wall Manhattan the tunnels were under 
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Pier No. 72. This structure was supported wooden piles, some 
ft. more length, which came down below the tunnel invert. 
The piles which lay directly the path the tunnels, with few 
exceptions, had been pulled. driving the tunnels through this 
section, great care had taken not disturb the piles either 
side the tunnels, they supported heavy trestle used disposing 
the excavation from the open cut the terminal yard. avoid 
such disturbance, large portion the total excavation had 
taken through the shields. 

The first shield which passed the river bulkhead was the south one 
Weehawken. soon this line was crossed the silt was found 
much softer than behind the wall, fact was like fluid 
many its properties. The fluidity could changed varying 
the tunnel air pressure; for example, when the air pressure was made 
equal the weight the overlying material (water and silt), the 
silt was quite stiff, and resembled rather soft clay; but when the 
air pressure was from lb. per sq. in. lower, became 
liquid that would flow through 14-in. grout hole the lining, 
thick stream, the rate from gal. per min. soon 
the plug was taken out. This was the point which the contractor 
had long looked forward, expected able close all his 
shield doors and drive the rest the way across without taking 
shovelful muck, had just been done under the Hudson River, 
the South Tunnel the Hudson and Manhattan Railroad Com- 
pany’s Tunnels between Morton Street, New York City, and Hoboken, 
The doors were shut and the shield was shoved; the tunnel 
once began rise rapidly, notwithstanding that the heaviest possible 
downward leads that the clearance between the iron and the shield 
would allow were put on. the same time, the pressures induced 
the silt the shield shouldering the ground aside caused the 
iron lining rise about in. soon the shield left it, and also 
distorted it, the horizontal diameter decreasing and 
diameter increasing about much in. anxious dis- 
cussion followed these phenomena, the effects had been utterly 
unexpected, and good many different theories were advanced 
the probable cause. was thought that the hood the shield 
might have something with the trouble. The shield was stopped, 
the hood removed, the doors were shut, and the driving continued. 
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The same trouble was found, and was impossible keep grade. 
Work was stopped, and the question was thoroughly debated; finally, 
January 31st, 1906, the chief engineer directed that one the 
shield doors opened experiment and 50% the excavation 
taken in. 

The effect was instantaneous, the shield began come down 
grade once, and soon became necessary close the door partially 
and reduce the quantity muck taken order prevent the 
tunnel from getting below grade. The other troubles from distortion, 
ete., ceased the same time. 

was soon found that powerful aid the guidance the 
shield was thus brought hand, for, high, the shield could 
brought down increasing the quantity muck taken in, low, 
decreasing it. From this time forward, the quantity muck 
taken each shove was carefully regulated according 
the position the tunnel with regard grade and the nature 
the ground. The quantity varied from nothing the full volume 
displaced the tunnel, and averaged 33% the latter. 

regulate the flow, the bottom middle door was fitted with two 
steel angles behind which were placed 6-in. timbers. this 
way the opening could entirely closed one any size left. 
The muck flowed into the tunnel thick stream, shown Fig. 
Plate and, regulating the rate shove, could 
made flow just fast could loaded into cars. 


driving through the silt, the typical gang per shift hours 
per shield was follows: 


General: 

Tunnel superintendent.............. $300 per month 
Assistant tunnel superintendent.... per day 


Mucking: 
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Erecting Iron and Driving Shield: 


$4.00 per day 


Three such shifts were worked per day and the air pressure 
averaged per sq. in. 

The increase the number pipefitters was due the greatly 
increased speed, and also the steadily increasing length completed 
tunnel. The three laborers the erection gang spent their whole 
time tightening bolts. The rate progress the silt under the 
river per ring ft. was hours min., exclusive all time 
when work was actually suspended. considerable part the 
time only two 8-hour shifts were worked, owing shortage 
iron caused the change the design the lining, whereby the 
original lining was changed heavier one, and, the work was 
also stopped for experiments and observations, the average the 
actual total time, including all the time during which work was sus- 
pended, was hours min. per ring, 10.8 ft. per day. 

The junction the shields under the river was made follows: 
When the two shields one tunnel, which had been driven from 
opposite sides the river approached within ft. each other, 
the shields were stopped, 10-in. pipe was driven between them, and 
final check lines and levels was made through the pipe. In- 
cidentally, also, the first through traffic was established passing 
box cigars through the pipe from the Manhattan shield that 
from Weehawken. One shield was then started with all doors 
closed while the doors the stationary shield were opened that 
the muck driven ahead the moving shield was taken through 
the other one’s doors. This was continued until the cutting edges 
came together. All doors both shields were then opened and the 
shield mucked out. The cutting edges were taken off, and the shields 
moved together again, edge skin edge skin. The removal 
the cutting edge necessitated the raising the pressure 
the sections the cutting edges were taken off, the space be- 
tween the skin edges was poled with 3-in. stuff. Fig. Plate XCIII, 
view the shields the North Tunnel after being brought 
together and after parts the interior frames had been removed. When 
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everything except the skins had been removed, iron lining was built 
inside the skins, the gap the junction was filled with concrete, 
and long bolts were used from ring ring the circumferential 
joint. Finally, the rings inside the shield skins were grouted. 

order make clear the nature the work done building 
these shield-driven tunnels silt, short description will at- 
tempted, this description falling into three main divisions, namely, 
Shoving the Shield, Pushing Back the Jacks, and Erecting the Iron 
Lining. 

Shoving the part the work naturally very im- 
portant, the position the shield determines within pretty nar- 
row limits the position the iron built within it, hence the shield 
during its forward movement has guided very carefully. 
this work certain instructions were issued for the guidance the 
foreman charge the shield. These instructions were based 
results “checks” the shield and iron’s position the engineer- 
ing corps the Company, and comprised, the main, two require- 
ments, namely, the leads that were got, and the quantity 
muck taken in. The “lead” the amount that the shield must 
advanced further from the iron, one side the other, 
the top bottom, measured from the front face the last ring 
iron lining the diaphragm the shield. These leads are not 
necessarily true leads from line right angles the center line, 
the iron may have, and fact usually does have, lead its 
own which known and allowed for when issuing the requirements 
for the shove. 

The foreman, knowing what was wanted, arranged the combina- 
tion shield jacks which would give the required leads and the 
amount opening the shield door which would give the required 
amount muck. see how the shield was going ahead, man 
was stationed each side axis level and another the crown. 
Each man had graduated rod which the marks were dis- 
tinct that they could read anyone standing the lower plat- 
form. These rods were held against the shield diaphragm, and, 
advanced, its distance from the leading end the last ring 
could seen the man control the jack valves. found 
that was not getting the required leads, could change the 


combination jacks action. the time shove was often 
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less than min., the man had very quick reading the rods 
and changing the jacks. was found that extensive change 
the jack arrangement was wanted, the shove could stopped 
man stationed the main hydraulic control valve; but, any 
such stoppage affected the quantity muck taken in, was not re- 
sorted unless absolutely necessary. 

the quantity muck coming was not desired, stop 
had made alter the size the opening, and if, while this 
was being done, the exhaust valves were not closed quite tight, the 
silt pressure the face the shield would force back against 
the iron. This fact was sometimes taken advantage when full 
opening did not let the desired quantity, for the shield could 
shoved, allowed return, and shoved again. 

The time taken shove varied greatly with the quantity 
material taken in; for shoving and mucking combined, averaged 
min., with average cu. yd. muck disposed of, about 
min. per cu. yd. material. 

Back the Jacks—This was simple matter, and merely 
consisted making the loose push-back connection each jack 
had sent back. Some the jacks became strained and 
bent, and had taken out and replaced. Where there was silt 
pressure against the face the shield, the hydraulic pressure had 
kept until the ring was erected. such cases, only two 
three jacks could pushed back time, and only after 
segment had been set position, and the pressure taken it, could 
the next jack pushed back, and around the ring. The time 
between the finish the shove pressure turned off) and 
the placing the first segment, was occupied pushing back the 
bottom jacks and cleaning dirt off the tail the shield, and averaged 
about min. 

Erecting the Iron soon the shove was over, the 
whole force, when silt, set work building the iron and 
then tightening the bolts that the could shoved again. 
section the tunnel with bolting and working platform shown 
Plate XCIV. 

the early part the work, when the ground was being ex- 
ahead the shield, the whole force, with the exception 
those working front the shield, was engaged erecting the 
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iron, but, soon this was done, most the men returned the 
mucking, and only the iron workers continued tighten bolts. 
the other sections, where the shield was shoved into the silt with- 
out excavating ahead, soon the shove was completed, the whole 
force was engaged the erection the iron and the tightening the 
bolts, until they were tight that the shield could shoved again 
for another ring. 

The iron was brought into the tunnel flat cars, two segments 
the car, and was lifted from the car and lowered into the invert 
the shield block and fall and chain sling, shown Fig. 
Plate XCIII. The bottom three four segments were pushed 
around into position with the erector, the head simply bearing against 
the longitudinal flange without being attached the segment; the 
upper segments, however, were, shown Fig. Plate XCII, and 
Fig. Plate XCV, attached the erector, ‘by using the expanding 
bar and the erector head designed Mr. Patrick Fitzgerald, the 
Tunnel Superintendent. This was found most convenient 
arrangement. 

The single erector attached the center the shield was able 
erect the iron fast could brought into the tunnel, and 
even when the weight the segments was increased 25% (from 
2060 2580 always proved equal its task, although occa- 
sionally one the chains the mechanism broke and delayed the 
work for hour so; but the sum all the delays from this 
cause and from breaks and leaks the hydraulic line only averaged 
min. per ring. The operating valve which was first used was 
four-spindle turning. valve, but this was replaced sliding valve 
which was found much more satisfactory, both ease 
operation and freedom from failure. 

the iron was put into place, two the middle bolts each 
longitudinal flange and two each circumferential one were pulled 
tight possible, and the others put loosely; then, soon 
the ring was position, large force could conveniently 
worked one time was engaged tightening the bolts. The shape 
the tunnel depended the thoroughness the tightening the 
bolts, and the shield was never shoved until the bolts all the longi- 
tudinal flanges had been thoroughly tightened. addition, all the 
bolts the cireumferential flanges below the axis were tightened, 
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and least three the six each segment above. After the 
shield had been shoved ahead, the bolts were found have slackened, 
and, where the daily progress was four rings, more, was necessary 
have small gang men always this work. 

order get the bolts, special platforms were necessary, and 
throughout the greater part the work, traveling platform was 
This enabled the men reach handily all parts the seven 
leading rings. This platform was supported and moved forward 
wheels fixed brackets the tunnel, and was pulled forward con- 
necting chains every time the shield was shoved. the early part 
the work was not possible use platforms, because, order main- 
tain the correct circular shape the iron lining, was necessary 
put temporary horizontal turnbuckles axis level. These, how- 
ever, were very convenient for supporting the planks which were 
used temporary bolting platform for the sides the tunnel, and 
temporary platform resting 6-in. timbers across the tunnel en- 
abled the bolts the crown the tunnel reached, while the 
6-in. timbers were left support the emergency platform 
previously described (Plate XCIV), which extended the entire length 
the tunnel. 

The time taken erect the iron lining became shorter and shorter 
the tunnel organization became more perfect and the force better 
trained, that, whereas, the early part the work, frequently 
took hours erect ring, the latter part, when the work was 
nearing completion, was common occurrence erect ring 
min. The average time the “heavy iron” section, which in- 
cluded the greater part the work under the river, was hour 
min. for the erection the ring and min. for tightening the bolts 
after that had been completed, that the total time spent the 
whole gang erection and bolting averaged hour min. per ring, 
exclusive the time spent the small gang which was always en- 
gaged tightening the bolts. The average time spent erecting 
and bolting, for the whole length the tube tunnels, was hours 
min. per ring. 

24, 25, 26, and have been prepared 
show the time taken the various operations each working 
face. 
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Tables 24, 25, 26, and 27, the following symbols are used: 


assistant superintendents, electricians, 
driving the shield, erecting iron, mucking, attending 
the electric lights, and repairing the pipe line. 

B—Drillers, drillers’ helpers, drill foremen, and nippers. 

C—-All men grouting. 

and laborers wholly employed 
tween the first lock and the face. 

E—In rock, one car 0.60 cu. yd.; sand silt 1.20 
yd. place. 

F—Time between completion mucking and putting first 
plate, spent shoving the jacks back. 

ordinary iron the whole time spent erection and 
bolting. heavy iron the time between putting the 
first plate and placing the key only. 

between placing the key and starting the next shove, 
spent the whole gang tightening bolts. addition 
this, there was small gang which spent its whole time 
this work. 

I—In Table the first pair bore segments ring 207-208. 


“ “ 95 “ “ “ 201-202. 
“ “ 96 “ “ “ “ “ 185-186. 
“ “ “ “ “ “ “ “ 171-173. 
Outside diameter tunnel ft. in. 


Length ring ft. in. 


the “Ordinary Iron” section the time divided between muck- 
ing (which included the shoving and pushing back the jacks) and 
the erection time (which included the time spent the whole gang 

tightening bolts). the “Heavy Iron” section these times are 
all separated into “Mucking,” “Pushing Back Jacks,” “Erecting,” 
and “Bolting,” and here the bolting time included only that spent 
bolts the whole gang; addition, there was small gang en- 
gaged solely tightening bolts. The lost time the average time 
lost due the break-down hydraulic pipe lines, damaged jacks, 
and broken erector chains. The erection time separated for the 
various kinds rings, that is, straight ordinary rings, rings con- 
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TABLE 24.—SHIELD-DRIVEN TUNNEL WORK, 
Table showing the size the gang, the amount excavation, and the 
through the several kinds ground encountered; also 


yd. per ring. 
Time mucking, 


per cu. yd. 


55-1 


Ordinary. 


~ 


Heavy. 


SUM 


AVERAGE No. MEN 
DESCRIPTION. GANG. 


Including time for jacks. 
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MANHATTAN SHAFT, RIVER TUNNEL NORTH. 


time per ring taken for the various operations involved building tunnel 
the extent and nature all the unavoidable delays. 


TIME. 


shoving and 
lost 


Av. time per 
hydraulic piping. 


2-50 Bolting time for 6-58) 7-12 


and mucking. 


20-42 


light iron in- 


cluded erec- 5-14| 5-34 


| 

3-20 

0-46 


Time for 


1-30 2-50) 


ARY. 


UNAVOIDABLE DELAYS (NOT INCLUDED 
AVERAGE TIME PER RING. AVERAGE TIME PER RING). 


Shoving 
mucking. 


Average 
cubic 
per ring. 
Time 
mucking, per 
cubic yard. 


0-10 


shield into slit with.. 


7-35 
3-42 
Time. 


— 


Silt, piles and doors. 
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TABLE 25.—SHIELD-DRIVEN TUNNEL WORK; 


Table showing the size the gang, the amount excavation, and the 
through the several kinds ground encountered; also 


AVERAGE No. MEN 


185.0 

105.0] 


Ordinary. 


69-191 


Section 
between 
rings. 


69-692 


Heavy.| 693-1110 


Excavating ahead shield. 


AVERAGE No. MEN 


GANG. 
| a » 
Silt, piles reasting.. 


Shoving shield into silt open. 


and 
munueking. 


Av. time per ring, 
shoving 


time 
16-18 
1-5) 
SUM 
=| 
ey 
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MANHATTAN SHAFT, RIVER TUNNEL SOUTH. 


time per ring taken for the various operations involved building tunnel 
the extent and nature all the unavoidable delays. 


TIME 

tom 

— [=| = a fe v= 

tially completed 

1-58 3-55) 4-11) 4-23) 4-08 

MARY. 

UNAVOIDABLE DELAYS (NOT INCLUDED 

time. 

0-19 17-20 2-26 0-05 19-51 Second bulkhead......... 

0-05 1-58 2-29 0-22 4-49 Waiting for 

0-05 1-45 0-05 8-19 

4-36 2-25 0-14 


Including time for jacks, 


Including bolting time. 
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‘ Pa 
TABLE 26.—SHIELD-DRIVEN TUNNEL WORK, 
Table showing the size the gang, the amount excavation, and the 
through the several kinds ground encountered; also tin 
— Ss at 
SUM 
Section 
56-72 42.5 |Mixed sand and 


Including time for jacks. Including bolting time. 
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WEEHAWKEN SHAFT, RIVER TUNNEL NORTH. 


time per ring taken for the various operations involved building tunnel 
the extent and nature all the unavoidable delays. 


For EREc- 
TION. 
Hrs. AND MIN. 


TIME, WHOLE 
AFTER 


TIME. 
COMPLETE. 


shoving and 
mucking. 
Straight. 


Av. time per ring, 
Time for jacks. 
Time lost 

hydraulic fitting. 

Straight. 

Bore No. 
Bore No. 
Taper. 
Mean 


Excavation 
pre- 
viously. 


ime for jacks for light iron 


3-15|2-55 


7) 


we 


Bolting time for 
light iron in- 
tion. 


onm 


included shoving and 


0-21 


0-11 
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UNAVOIDABLE (NOT INCLUDED 


AVERAGE TIME PER RING. AVERAGE TIME PER 


Average No. 
cubic yards 
per ring. 


Time 
mucking, per 
yard. 


0-21 
0-11 


0-09 
0-09 


0-07 
0-14 


Shoving 


and 


mucking. 


4-82 
89-33 


15-05 
6-56 


6-19 
6-13 


5-06 


Erection. 


Lost 


time. 


Total. 


1-40 
2-05 


0-08 


10-55 
44-02 


18-04 
9-31 


Items. 


First 
Second bulkhead.......... 
Old cave-in............. 


Shoving tube....... 


Time, 
min. 


Excavating ahead shield. 


Shoving shield into silt with.....doors open. 


48 |....| 248) 1-48) 2-04).....) 2-20 
2-55 
2-87 0-07 9-08 
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TABLE 27.—SHIELD-DRIVEN TUNNEL WORK, 
Table showing the size the gang, the amount excavation, and the 


[Papers. 


through the several kinds ground encountered; also 


171-236 165.0 Silt with piles.......... Top 
o 70, 5.9 0-03 
1 239-1 312} 185.0 39)... .| 9 


Aver. No. MEN 


GANG. 

43-58 40.0 | Rock and 12 19 2 2 2 |25 


Including time for jacks. 


Including bolting time. 


time per ring, 
and 


Average No. 


tin 
the 

SUM 
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WEEHAWKEN SHAFT, RIVER TUNNEL SOUTH. 


time per ring taken for the various operations involved building tunnel 
the extent and nature all the unavoidable delays. 


MARY. 

AVERAGE TIME PER RING. AVERAGE TIME PER RING.) 

wp 

8S 

41.6 0-10 7-10 1-59 0-0 9-09 222 
42.6 0-10 2-35 0-05 10-08 |Shield repairs 
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taining No. bore segments, rings centaining No. bore segments, 
and taper rings, and will seen that, the average, taper rings 
took min. (or 24%) more time erect and bolt than ordinary 
ones, and that rings containing No. bore segments took min. 
(or 15%) more. 

The average time taken for each operation all the working 
faces given Table 28. The work has been subdivided into the 
different kinds ground encountered. 

The progress, shown the amount work done each month 
each shield, given Table 29. 


TABLE 28.—SHIELD-DRIVEN TUNNEL NUMBER 
TRACTS AND GJ, AND THE AVERAGE SIZE GANG, 
VARIOUS OPERATIONS BUILDING TUNNEL 

ALSO THE EXTENT AND NATURE 


Rock and rock and 
Rip-rap and silt under bulk- 
Total mixed and 
and heavy iron 


Average rings built one shield 146}. 
Average time per ring...... 


Note.—The unavoidable included this table not embrace the periods 
shortage iron due change design, and holidays. 
Including time for jacks. 


Including time spent the whole gang bolting; addition this there was 
Chiefly due breakdowns hydraulic lines and erector. 
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Air air pressure varied from lb. Behind 
the river line averaged lb. and under the river lb. Behind 
the river lines the pressure was generally kept about equal the 
water head the crown, except where Weehawken, previously 
described, this was impossible. 

the silt the pressure was much lower than the hydrostatic head 
the crown, but became necessary make excavation ahead 
the shield, for example the junction the shields, the air pres- 
sure required was about equal the weight the overlying ma- 
terial, namely, the water and the silt, the silt, which weighed from 


ERECTED AND SHIFTS WORKED ALL SHIELDS 
AMOUNT EXCAVATION AND TIME TAKEN PER RING FOR THE 

EACH THE SEVERAL KINDS GROUND ENCOUNTERED; 

ALL THE UNAVOIDABLE DELAYS. 


UNAVOIDABLE DELAY PER 
AVERAGE TIME PER RING. FACE. 
Time 
Shoving Time 
mucking. Items not 
included Ave. unit. 
Hrs. Hrs. Hrs. Min. 
Hrs. Min. Hrs. Min. 


Average delay per ring hrs. min. 


during which the work was complete partial standstill due experiments and 


small gang which spent its whole time bolting. 
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TABLE 29.—MONTHLY PROGRESS SHIELD-DRIVEN TUNNEL WORK. 


Number 
rings 
ereeted. 


Number 
rings 
erected. 


Station 
leading 
ring. 


Station 
leading 
ring. 


Station 
leading 
ring. 


leading 
ring. 


in. ft. per month. 


Lin. ft. for month. 


Lin. ft. for month. 
Lin. ft. for month. 


ft. for month. 
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106 lb. per cu. ft. and averaged 100 lb. per cu. ft., acted like 
fluid. 

air line was taken direct from the working chamber 
the recording gauges the engine-room, which enabled the engine- 
room force keep constant watch the air conditions below. 
avoid undue rise pressure, safety valve was set the air line 
each lock, set blow off the air pressure rose above that desired. 
The compressor plant was ample, except, before described, when 
passing the gravel section Weehawken. 

Records were kept the air supply, and may said here that 
the quantity free air per man per hour was general between 
1500 and 5000 cu. ft., though the open gravel where the escape 
was great was for time much 10000 cu. ft. For more than 
half the silt period was kept between 3000 and 4000 ft., but 
when seemed proved beyond doubt that any quantity more than 
2000 cu. ft. had beneficial effect health, attempt was made 
deliver more, and two separate for two consecutive 
weeks ran low 1000 cu. ft. without any increase the number 
cases bends. 

The amount CO, the air was also measured daily, the 
specifications called for not more than part CO, per 1000 parts 
air. The average ranged between 0.8 and 1.5 parts per 000, though 
exceptional cases fell low 0.3 and rose 4.0. The air 
temperature the tunnels usually ranged from 55° 60° Fahr., 
which was the temperature also the surrounding silt, though 
times, the earlier parts the work when grouting extensively 
long sections the tunnel rock, varied from 85° 110° Fahr. 

one part Portland cement one part 
sand volume was outside the tunnel lining air pressure 
through tapped and plugged grout holes formed each seg- 
ment for this purpose, wherever the ground was not likely squeeze 
upon the metal lining soon this was erected. That 
say, was used everywhere the river line; between river lines 
was not used except the New York bulkhead wall order fill voids 
the rip-rap, and the point junction the shields where the 
space between the metal lining and the shield skins outside was 
grouted. Cow Bay sand was used, and had screened remove 
particles greater than in. diameter, which would choke the valves. 
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For later grouting work, namely, the top the concrete lining 
inside the metal lining, Rockaway Beach sand was used. This the 
very fine, and did not need screening; cost more, but the saving 
screening and the non-blocking valves, resulted saving. 
The grout was mixed machine shown Fig. Plate 
which view the grouting operation. 
The grout pipes were not screwed directly into the tapped hole Rai 
the segments, but pipe containing nipple and valve was screwed 
into the grout hole and the grout pipe screwed the pipe. This adj 
prevented the waste grout, enabled the valve closed and the 
grout pipe disconnected, and the pipe left position until the 
grout had set. the full rock section, rings were put 
without grouting; then the shield was stopped, the last two three 
rings were detached and pulled ahead the shield, masonry stop- leg 
wall was built around the outside the last ring left in, and the 
whole rings were grouted one time. the landward silt 
and gravel each ring had grouted soon the shield had left 
it, order avoid the flattening caused the weight coming 
the crown while the sides were yet unsupported. The grout was 
prevented from reaching the tail the shield plugging the 
space with empty cement bags, assisted segmental boards held 
against the face the leading ring U-shaped clamps, fitting over 
the front flange the ring and the boards, and tight- 
ened wedges. The air pressure varied between and 100 lb. per 
sq. in. above normal. 
The consisted one pipe fitter and one two laborers 
employed part their time. When considerable length was being 
grouted time, the full rock section, many laborers were em- 
ployed for short period. 
Transportation and Disposal. 
The transportation and disposal will described under the follow- 
ing headings: 
Receipt and Unloading Materials, 
Surface Transportation, 


Tunnel Transportation, 
Disposal. 
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Receipt and Unloading the Manhattan Shaft 
the contractor laid spur siding into the yard from the freight 
tracks the New York Central Railroad, which immediately ad- 
joins the yard the west. There was also wharfage the river 
front about 1500 ft. away. 

the Weehawken Shaft there were four sidings from the Erie 
Railroad and one from the West Shore Railroad. Access the river 
was gained trestle direct from the yard, and Baldwin Avenue 
adjoined the yard. 

All the iron lining arrived railroad. was unloaded 
ricks, and stacked that was convenient for use the tunnel. 
The Manhattan derricks were pair steel ones with 39-ft. booms, 
worked 30-h.p., 250-volt, motor. There was also stiff- 
leg derrick with 50-ft. boom, platform near the shaft, which was 
worked 40-h.p., 250-volt motor. Weehawken there were two 
45-ft. boom, stiff-leg derricks tons capacity, one worked 42- 
h.p. Lidgerwood boiler and engine, and the other 250- 
volt, electric motor. These derricks were set elevated trestles 
near the Erie Railroad sidings. There was 50-ft. stiff-leg derrick 
with 70-h.p. Lidgerwood boiler and engine near the cement ware- 
house the West Shore Railroad. 

The storage area for iron lining was 1800 sq. ft. Manhattan 
and sq. ft. Weehawken; the maximum quantity lining 
storage any one time was 150 rings Manhattan and 1200 rings 
Weehawken. 

The cement, which was issued and sold the Company the 
contractor, was kept cement warehouses; that the New York 
side was Eleventh Avenue and 38th Street, some 1200 ft. from 
the shaft, which was brought team; that Weehawken was 
adjacent the shaft, with 2-ft. gauge track throughout and 
directly connected with the shaft elevator. 

Surface the early days the excavation was 
handled scale-boxes cu. yd. capacity which were hoisted 
the shafts derrick, but, when the iron period began, two-cage 
were put each shaft. They were worked single, 
friction-drum, Lidgerwood, steam hoisting engine h.p. 

All materials construction were loaded cars the surface 
the point where they were stored, and hauled these the ele- 
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vators, sent down the shaft, and taken along the tunnels the desired 
point without unloading. 
The narrow-gauge railway the surface and the tunnel was 
2-ft. gauge with 20-lb. rails. About flat cars and mining 
cars were used each shaft. the surface Manhattan these were 
moved hand, but Weehawken, where distances were greater, 
two electric locomotives the overhead trolley system were used. 
Tunnel mining cars shown Fig. were 
cu. yd. The short wheel base and unbalanced loading 
caused good many upsets, but they were compact, easily handled, 
and could dumped from either side end. 


MUCK CAR (AS USED RIVER TUNNELS) 
CAPACITY 5000 LBS. CU. YD. 


SIDE VIEW END VIEW 


The flat cars shown Fig. were tons capacity, and could 
hold two tunnel segments. the working face was down grade 
from the shafts, the in-bound cars were run gravity. For out- 
bound haulage system was used, consisting double- 
Lidgerwood, single friction-drum, hoisting engines (No. 32) 
h.p., with cylinders in. diameter and in. stroke and drums 
in. diameter. These were handily moved from point point, 
but, there was tail rope, several men had used pull the 
back the face. After the second air-lock bulkhead walls 
had been built, continuous-cable system, worked electrically, was 
put each tunnel between the first and second air-locks. 
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The engine consisted electric motor driving 3-ft. 6-in. 
drum hoist around which steel wire cable passed three times. 
The cable was led around sheave, down the tunnel the right side 
the in-bound track, and returned the left side the out-bound 
track. was then carried around set sheaves, where tension 


FLAT CAR FOR TUNNEL SEGMENTS 
CAPACITY 6000 LBS. 


SIDE VIEW 

20. 
1000 lb. was supplied suspended weight which acted 
sheave with sliding axle the tension The cable was 
supported throughout its length 8-in. pulleys set the floor 

50-ft. intervals. All the guide sheaves were in. diameter. 

Each car was attached the cable grip its side. This 
was fastened and unfastened hand, but was automatically released 
just before reaching the turn the cable near each lock. This 
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system could haul without difficulty unbalanced load muck 


cars, spaced 100 ft. apart, grade. The cable operated over 
about 1000 ft. tunnel, the motor being placed the top the 
grade. The driving motor was the semi-armored, 8-pole, series- 
wound type, rated 635 rev. per min., and using direct 
current 220 volts. The speed handling the cars was limited 
their having pass through the air-locks single track. 
many 106 cars have been hauled each way one 8-hour shift. 
Manhattan the tunnel muck was carried from the 
elevator over the upper level the yard trestle and dumped into 
bins the 33d Street side, whence was teamed the public dump 
30th Street and North River. Weehawken the rock excavation 
was removed the Erie Railroad flat cars which was 
dumped the tunnel contractor, but all the silt muck was teamed 
away some marshy ground where dumping privileges were obtained. 
The typical forces employed transportation were follows: 
Receipt and Unloading Material: Surface Transportation and 
Disposal. 
Manhattan Shaft, 10-hour shifts: 
Engineers derricks.............. $3.00 per day. 
Laborers loading and unloading iron.“ 1.75 
Weehawken Shaft, 10-hour shifts: 
Laborers loading and unloading iron.“ 1.75 
Tunnel Transportation (Including Shaft Elev ator): 
Shaft elevators and and from the first 10-hour shift: 


i 
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Between first lock and working face, 8-hour shifts, the force 
varied: 


From (average Hoist en- 


Pumping.—The water was taken out the invert 4-in. blow- 
pipe which was always kept point near the shield and dis- 
charged into the sump near the shaft. 

When the air pressure was removed and the blow-pipe device, 
consequently, was unavailable, small Cameron pumps, driven com- 
pressed air, and having capacity about 140 gal. per hour, were 
being set wherever was necessary keep the invert 
dry; for example, points where caulking was progress. 

tunnels were lighted electricity, the current 
being supplied, pressure 250 volts, from the dynamos the 
power-house. 

Two 0000 wire cables were used far the second air-locks, 
about 1650 ft. from the power-house, each side; and beyond that 
point, the junction the shields (about ft.), and wires 
were used. These cables also carried the current for the cable haulage 
system. Two rows lamps, provided with reflectors, were 
used each tunnel; one row was along the side just above the axis, 
with the lights about 30-ft. intervals; the other along the crown, 
with the lamps halfway between the side lamps, also 30-ft. in- 
tervals. points where work was progress three groups 
lights each were used. The tunnels whole were well lighted, and 
consequence work all kinds was much helped. 

Period No. and 1906, 
June, the metal lining had been built completely across 
the river both tunnels, the work making water-tight was 
taken up. This consisted caulking into the joints between the 
plates mixture sal-ammoniac and iron borings which set into 
hard rusty mass, and taking out each bolt and placing around 
the shank under the washer each end grummet made yarn 
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soaked red lead. These grummets were made the contractor 
the works, and consisted three four strands twisted hemp 
yarn, known “lath making rope-like cross-section about 
in. diameter. Usually, one these under each washer was 
enough, but wet gravel, where bolts were obliquely the bolt- 
holes, two were used each end. After pulling the grummets in, all 
the nuts were pulled tight wrenches about ft. long, with two 
men one wrench. were not passed tight unless the nut 
resisted the weight average man wrench. 

Before putting the caulking mixture, the joints were carefully 
scraped out with special tool, cleaned with cotton waste, and washed 
with stream water. The usual mixture for sides and invert was 
filings borings. the arch, lb. sal-ammoniac and 
sulphur 125 lb. filings was the mixture. small hand-hammer 
was used drive the caulking tool, but, the sides and invert, air 
hammers were used with some advantage. The work this 
kind depends entirely the thoroughness with which the mixture 
hammered in; and the inspection, which was exceedingly monot- 
onous nature, called for the greatest care and watchfulness the 
the Company’s forces, especially the pocket iron, where 
each bolt had removed, the caulking done the bottom the 
pockets put in, the bolts replaced, and the rest the pockets filled. 
The results have been satisfactory, the leakage under normal air 
and prior placing the concrete averaged about 0.14 gal. per lin. ft. 
tunnel per hours, which about 0.0035 gal. per lin. ft. joint 
per hours. With each linear foot joint included the leakage 
from 1.27 bolts. Afterward, when the concrete lining was in, the 
leakage was found about 0.05 0.06 gal. per lin. ft. tunnel 
per hours, which compares favorably with the records other 


lined tunnels. The typical gang employed this work was fol- 
lows: 
Pocket Iron: 
General $5.00 per day. 
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Pocketless Iron: 


The average amount caulking and grummeting done per shift 
with such gang was (with pocketless grooves), 348 lin. ft. joint 
and 445 bolts grummeted; and pocket iron: 126 lin. ft. joint and 
160 bolts grummeted. 

The caulking and grummeting work was June, 1907, 
this completing the second period. 

Period No. Tests, and Observations.—April, 1907, 
April, third period, that tests and observations 
connection with the question foundations, dealt with another 
paper. occupied from April, 1907, November, 1908. The results 
the information then gathered was that was not thought advisable 
with the foundations. 

Period No. Pile Bores, Sinking Sumps, and Building 
Cross-Passages.—A pril, 1908, November, 1908.—In order reduce 
the leakage from the bore segments the least possible amount before 
placing the concrete lining, was decided remove the plugs and 
replace them with flat cover-plates; these have been described before, 
together with the filling Bore Segments No. with mortar 
reduce the leakage around the distance piece. 

During this period the turnbuckles reinforce the broken plates 
were put in, and the sump sunk the lowest point the tunnel. 
These sumps have been described previous part this paper; they 
were put down without trouble. much possible the concrete 
lining was put before the lining castings were taken into the tunnel, 
the space inside was very restricted. The first lining casting was 
bolted the flat flanges the sump segment, the bolts holding the 
latter the adjacent segments were removed, and the whole was forced 
down with two the old shield jacks, taking bearing the tunnel. 
The two together exerted pressure about 150 tons. The plugs 
the bottom the sump segment were taken out, and pipes were put in, 
through which the silt squeezed into the tunnel and relieved the 
pressure the sump segment. 


q 
i} 
| 
| 
i 
1 
2 
y 
j 
| 
| 


816 PENNSYLVANIA TUNNELS, NORTH RIVER 


the silt did not flow freely, water-jet was used. The sump was 
kept plumb regulating the jacks. this way the sump was sunk, 
adding lining sections one one, and finally putting the 
segment, which was composed three pieces. 

The time taken sink one sump was about days, working one 
8-hour shift per day, and not counting the time taken set the 
jacks and bracing. The sinking each section took from 
hours. The air pressure was lb. and the hydrostatic head lb. 
per sq. in. The force was assistant superintendent $6.00 per day, 
foreman $4.50, and laborers $3.00 per day. 

was during this period that the five cross- 
passages previously mentioned were built. the case those the 
rock, careful excavation was needed avoid breaking the iron 
lining. Drilling was done from both ends, the holes were closely 
spaced, and about ft. in. deep, and light charges powder were 
used. The heading, ft. cross-section, was thus excavated 
five lengths, with holes length, and about lin. ft. hole per 
yard. About 5.3 lb. powder per cu. yd. was used. The sides, top, 
and bottom were then drilled very sharp angle the face and the 
excavation was trimmed the right size. This widening out took 
about ft. hole per cu. yd., and 0.9 lb. powder. 

the passages silt the excavation had ft. wide and 
ft. in. high give enough room inside the timbers. The plates 
one end the passage were first removed. air pressure 
was carried, which was enough keep the silt from squeezing and 
yet left soft enough chopped with spade. 

top heading, full width and ft. in. high, was first taken 
out, and the roof was sheathed with 2-in. boards held 10-in. 
head trees 3-ft. centers, with 10-in. side trees. The lower ft. 
bench was then taken out, tight floor 6-in. cross-timber 
was put in, and also longer side trees, the head trees being temporarily 
held two longitudinal 10-in. stringers blocked place. The 
bulk the space between the side trees was filled with 10-in. 
posts and blocking. The plates the other end the passage were 
then taken out from the other tunnel. 

After the excavation was out, the outer reinforced concrete lining 
was built. Rough forms were used, the interior surface the 
passages were rendered with water-proofing cement. few 
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grout pipes were built in, and all voids outside the concrete were 
grouted. Grouting was also done through the regular grout holes 
the metal lining around the openings. 

the case the most westerly the cross-passages Weehawken, 
which was badly seamed rock carrying much water, steel inter- 
lining, rather smaller than the concrete, was put in. The space between 
the concrete and the steel was left open, that water coming through 
the concrete lining was stopped the steel plate. This water was led 
back the shield chamber special drain laid the bench the 
river tunnel and behind the ducts. From the shield chamber the 
water ran with the rest the drainage from the Weehawken Land 
Tunnels the Weehawken Shaft sump. 


TYPICAL CROSS-SECTIONS SHOWING SUCCESSIVE STAGES 
PLACING CONCRETE RIVER TUNNELS 


21. 

Period No. the Concrete November, 1908, 
June, 1909.—During the fifth period the concrete lining was put in. 
This lining was placed stages, follows: First, the invert; second, 
the duct bench; third, the arch; fourth, the ducts; and fifth, the face 
the bench. This division can seen reference Fig. 21. 

All the work was started the landward ends and carried toward 
the middle the river from both sides. Except where the Weehawken 
force passed the lowest point the tunnel, which Station 241 
nearly 900 ft. the west the middle the river, all the work was 
down grade. 

Before any concrete was placed, the surface the iron was cleaned 
with and wire brushes, and washed with water. Any leaks 
the caulking and grummeting (finished June, 1907, and therefore 
all more than months old) were repaired. All the grout hole plugs 
were examined, and the plugs any leaking ones were taken out, 
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smeared with red lead, and replaced. The leakage the caulking was 
due the fact that the tunnel had been settling slightly during the 
whole months pile tests, and, therefore, had opened some the 
joints. After the caulking had been repaired and the surface 
thoroughly cleaned, the flanges were covered with neat cement (put 
dry poured the form thick grout) just before the con- 
crete was placed. 

Invert form used for the landward type concrete, 
that is, the one with middle drain, consisted frame made 
pair trussed steel rails each side the tunnel and connected 
intervals with 6-in. cross-timbers; two “wing forms” were 
hung from this frame adjustable arms. These wings formed the 
curved sides the invert, the lip, and the form for the middle drain. 
The whole form was supported three wheels, two the rear end 
running rail laid the finished concrete, and the third front 
attached the frame carriage and running rail temporarily 
laid the iron lining. The form was braced from the iron lining 

For the soft-ground type invert, namely, the one without the 
middle drain, form the same general type was used, except that 
the form for the middle drain was removed. After the form had been 
use for some time, “key pieces” (made strips wood about 
ft. in. length and in. cross-section) were nailed 
ferentially the under side the wings 2-ft. intervals. This was 
done because, the time, was not known whether ballasted tracks 
some form rigid conerete track construction would adopted, 
and, the latter, was desirable not have the surface smooth. 

The was received cars the rear end the form and 
dumped temporary platform. was then loaded into wheel- 
barrows the runways, shown Fig. 22. The concrete was 
thrown from the barrows into the invert, where was spaded and 
tamped. 

where there was steel-rod reinforcement, the concrete was 
first brought the level the underside these rods, which came 
between the wings; the rods were laid place, and then more con- 
crete was placed over the rods and brought the level the 
bottom the wings. Where there was reinforcement, the concrete 
was brought one lift. 
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After this was finished, the concrete behind the wings was placed, 
thoroughly spaded and tamped, and, where there were longitudinal 
reinforcing rods, these were put their proper level. Where there 
were circumferential rods, the 16-ft. rods had already been put when 
the lower part the concrete was placed. the invert was being 
finished off, the 8-ft. rods were embedded and tied position. 

The longitudinal rods were held place the leading end each 
length arch the wooden bulkhead, through which holes were 
drilled the proper position. the rear end they were tied the 
rods projecting from the previous length. The quantity water used 
mixing the invert concrete needed very nice adjustment; too wet, 
the middle would bulge and rise when the weight the sides came 
it; and, too dry, would not pack properly between the flanges 
the iron lining. The difficulties this were often increased the 
flow accumulated leakage water from the tunnel behind the 
concrete while was being put in. prevent this, temporary dam 
sand bags was always built across the last length finished invert 
concrete before beginning new length. sump hole, about ft. 
and ft. deep, was left every 800 ft. along the tunnel, and small 
Cameron pump was put there pump out the water. 

The invert forms were left place about hours after the length 
was finished. The average time taken fill length ft. was 
hours, the form was then left hours, and took hours set 
anew. The total time for one length, therefore, was hours, equal 
ft. per hours. one place, 45-ft. form was used, and this 
gave average speed ft. per hours. 

attempt was made build the invert concrete without forms 
(seeing that rough finish was desired, previously explained, form 
key for possible sub-track concrete), but proved failure. 

The typical working force (excluding transport) was follows: 


The average time taken lay 30-ft. length invert was hours; 
the two spaders remained one hour extra, smoothing off the surface. 
For setting the form, the force was: 
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The average time taken erect form was hours, carpenter 
and helper remaining until the concrete was finished. 

Duct Bench duct bench (as previously) 
the portion the concrete which the ducts are laid. The exact 
height the steps was found trial, bring the top the 
into the proper position with regard the top and the face 
the bench. 

Both kinds duct bench forms were the same general type. 
drawing one them shown Plate XCVI. The form con- 
sisted skeleton framework running wheels track the 
level the temporary transportation tracks. The vertical faces the 
steps were formed boards supported from the uprights adjustable 
arms. The horizontal surfaces were formed leveling off the con- 
crete with shovel the top the vertical boards. Where the sheets 
expanded metal used for bonding came step, the lower edge 
the boards forming the back the step was placed in. above the one 
forming the front it; but, when the expanded metal came the 
middle step, slot in. wide was left that point accom- 
modate it. 

platform was formed the top the framework for the form, 
and this car forming sort traveling stage was run. There 
was ample room maintain traffic single track through the form. 
photograph the form shown Fig. Plate 

The concrete, for the most part, was received the form 
yd. dumping buckets. The buckets were lifted the rope from 
small hoisting engine. This rope passed over pulley attached the 
crown the tunnel and dumped into the traveling stage the top 
the form. this the was moved along the point where 
was deposited, and there was thrown out shovels into the 
form below. For portion the period, while the duct bench con- 
was being laid, was not necessary maintain track for 
through the form and, during that period, the concrete for the 
lower step was placed from below the form, the concrete being first 
dumped temporary stage the lower track level. 

Owing the horizontal faces the steps being uncovered, there 
was tendency for the concrete there rise when concrete was placed 
the steps above. For this part the work, also, was necessary 
see that the concrete was not mixed too wet, for, when that was the 
case, the concrete the upper steps was very apt flow out the 
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top the lower one. the same time, there was the standing objec- 
tion the mixture being too dry, namely, the responsibility getting 


sufficient amount spading and tamping done. Particulars 


exact quantity water used are given later describing “Mixing.” 
Fig. Plate illustrates the process laying. 

the section the tunnel which there were circumferential 
reinforcement rods the duct bench, the rods were place before the 
laying commenced, they had been placed with the invert concrete. 
The circumferential reinforcing rods the arch came down into the 
upper part the duct bench concrete; these rods were put position 
and tied the iron lining the crown the same time the duct 
bench concrete was being finished off. Openings for the manholes were 
left the duct bench the regular stationing. 

The average time taken fill length ft. was about hours; 
the form was then left position for about hours—usually enough 
let the concrete set properly—and then moved ahead; then took 
about hours set again ready continue work. The total 
time for length, therefore, was about hours, equal average 
progress about ft. per day. The average force engaged duct 
bench (not including transport) was: 


Arch far the greater part the arch work was put 
with traveling centers before the face the bench was built, 
which case the whole the arch was built once. short length 
arch each end the tunnel was built after the face the bench, 
which case the haunches lower ft. were laid first and the upper 
part the arch later. 

The first traveling centers were used the New York side, and 
were ft. long. The laggings were 4-in. yellow pine, built 
panels ft. long and in. wide for the sides, and solely longitudinal 
lagging ft. long for the key. 

was pretty certain that the results obtained from forms 
such length would not satisfactory, and this was pointed out 
the contractor, who, however, obtained permission use them 
trial. Grout pipes were built in, was not likely that the concrete 
could packed tightly into the upper part the lining. 
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After about 300 lin. ft. arch had been built with these forms, 
test hole was cut out and large voids were found, and, confirm this, 
another hole was cut, and similar conditions observed. 

The results were unsatisfactory that orders were given that 
use longitudinal key lagging should discontinued, and cross 
block lagging used instead. These block laggings were in. length 
(in the direction the tunnel) and ft. width; the same time, the 
system grout pipes was changed. This will described later under 
“Grouting.” was soon found that with block lagging better job 
could made packing the concrete into the keys, but the time 
taken “key up” length was great that the rest the arch 
had set the time the key was finished. Despite lot practice, 
this was the case, even the type. When the reinforcing 
rods were met, the time for keying became still greater, and there- 
fore the contractor was directed shorten the forms 20-ft. lengths. 
typical working force for 50-ft. length was: 


Laborers 


Details the 20-ft. forms are shown Plate XCVIII. The 
lower ft. lagging was built swinging arms, which could 
loosened allow the centers dropped and moved ahead. The 
rest the lagging was built panels ft. long and ft. in. 
high. The ribs rested longitudinal timber each side; these 
were blocked from the top step the duct bench concrete. When 
the form was set and when was released, was moved ahead 
rollers placed under it. 

The concrete was received the form yd. dumping buckets; 
from the flat cars which they were run, these were hoisted the 
level the lower platform the arch form. this level the concrete 
was dumped traveling car stage, and moved that the point 
the form where was placed. For the lower part the arch, 
the concrete was thrown directly into the form from this traveling 
stage, but, for the upper part, was first thrown the upper platform 
the arch. The hoisting was done small Lidgerwood compressed- 
air hoister, and set overhead platform across the tunnel. The 
pulley over which the cable from the hoister passed was attached the 
iron lining near one end the form, and the traveling stage ran back 
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from the arch form trailer, shown Plate When was 
impossible hang pulley—owing the arch having been 
built the point where the trailer stood—an A-frame was built the 
trailer, and the pulley was attached that. 

laying the lower part the arch, about ft. lagging (includ- 
ing the swinging arms) was first set, the other panels being pulled 
toward the top the arch. When that was filled, the next panel 
above was lowered into place, and the work continued. the con- 
crete rose toward the key, was packed radial surface, that 
the arch would not unduly weakened the sides set before the key 
was placed. All the time, great care was taken see that the 
was carefully packed into the segments the metal lining. 
The quantity water used the concrete was carefully regulated, 
more being used the lower than the upper parts the arch. 

places where there were reinforcing rods, the width the 
concrete key was the length the block lagging, namely, ft. Where 
there was circumferential reinforcement, the key had more than 
ft. wide, order take the 5-ft. closure rods used the key. This 
naturally increased the time keying very much. the places 
where the 5-ft. longitudinal laggings were used, was impossible 
fill the flanges the metal lining much higher than their undersides. 

the used the key had much drier than that used 
elsewhere, was not easy get good surface. This trouble was over- 
come putting thin layer mortar the laggings just before the 
was put in. 

The overhead conductor pockets were great hindrance the plac- 
ing the key concrete, especially where the iron was below true grade. 
Whenever especially troublesome one was met, special grout pipe 
was put fill unavoidable holes grouting after the concrete 
had set. All the circumferential rods were bent the 
tunnel bending them around curved form less diameter than 
the required bend. This generally left them all right the middle 
their length, but with their end portions too straight; such cases 
the ends were bent again. All rods were compared with template 
before being passed for use. 

The arch forms were left for hours after keying was finished. 
Levels taken after striking the forms showed that appreciable settle- 
ment average gang for 20-ft. length arch was: 


oe 


6x 6’ (Vv) 


2-6"x 6"x 18” 2-6"x 6's 12 


END VIEW ARCH LONGITUDINAL SECTION CENTER LINE 
LOOKING WEST LOOKING NORTH 


not shown 


3 
A, |_<+6x 6" 
° 
| 


e 
4 


LONGITUDINAL SECTION CENTER LINE 
LOOKING NORTH 


Top and 
not s 


\ 
' 3 
° 


PLATE 
PAPERS, AM. SOC. 
APRIL, 1910. 
HEWETT AND BROWN 
PENN. TUNNELS: THE NORTH RIVER TUNNELS. 


Twisted Steel 
Rod Reinforcement 
Block Lagging 


2-6"x 6"z 12” 


LONGITUDINAL SECTION 


CENTER LINE 


DIFFERENT ARRANGEMENT 


GROUT AND VENT PIPES 
USED FOR GROUTING RIVER 
TUNNELS BETWEEN CONCRETE 
ARCH AND IRON LINING 


Note- 
Top and Bottom Floors 
not shown 


3 


arch, 


part 
ment 
grou 

Fig. 
syste 
prov 
iron 
sere 
miss 
any 
fore 


Papers.] PENNSYLVANIA TUNNELS, NORTH RIVER TUNNELS 825 


Table shows the progress attained under various conditions. 

Whenever the face the bench concrete was constructed before the 
arch, the latter was built two separate portions, that is, the bottom 
ft., the arch, they were termed, were built 
each side and the rest the arch later. This involved the use two 
separate sets forms, namely, for the haunch and for the arch. Not 
very much arch was built this way, and, the methods were 
principle precisely the same those used when all the arclr was built 
one operation, detailed description needed. 

provision was made the contract for grouting the concrete 
arch, but soon became evident that ordinary methods the top 
part the concrete could not packed solid against the iron seg- 
ments, especially the keys. was imperative have the arch 
perfectly solid, was determined fill these unavoidable gaps with 
Portland cement grout, the same time making every effort 
reduce the spaces minimum. This made necessary build 
grout pipes into the concrete was put in. 

The first type grout pipe arrangement shown Type 
Fig. 23. This was used with the longitudinal key laggings; when this 
method was found good, and cross-laggings were used, the 
system shown Type Fig. 23, was adopted, which vents were 
provided let out the air during grouting. The expense these 
pipes was high, and the contractor obtained permission use sheet- 
iron tubes, which, however, were found unsuitable, that the 
pipes were used again. The contractor next obtained per- 
mission try dispensing altogether with the vent pipes, and Type 
Fig. was evolved. This, course, was found worse than 
any the other systems, the imprisoned air made impossible 
force grout in. Several other modifications were made, and are shown 
Fig. 23. 

was then decided devise perfect system possible, with- 
out allowing the question cost the ruling factor, and use 
that system throughout. this system, shown Type Fig. 23, 
most the vent pipes were contained the concrete, and their size 
was independent the thickness the arch, that they were easily 
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fixed position and not subject disturbance while placing the con- 
crete. This system was used for about 80% the total length the 
tunnel, and proved entirely satisfactory. The machine used for grout- 
ing was the same that used for grouting outside the metal lining. 
The only compressed air available was the high-pressure supply, 
about reducing valve, lower this pressure lb. was used 


between the air line and the grouting machine. This was thought 


about high pressure the green concrete arch would stand, 
and, even was, one point section about ft. ft. was 
blown out. 

rough traveling stage resting the bottom step the duct 
bench concrete was used working platform. the earlier stages 
the work the grouting was carried rather haphazard 
manner, but, when the last system grout and vent pipes was adopted, 
the work was undertaken systematically, and was carried out 
follows: 

Two 20-ft. lengths arch were grouted one time, and, order 
prevent the grout from flowing along the arch and blocking the pipes 
the next lengths, bulkhead plaster was made the end 
every second length confine the grout. 

After section had been grouted, test holes were drilled every 
ft. along the crown see that all the voids were filled; not, 
holes were drilled the arch, both for grouting and for vents, and 
the faulty section was re-grouted. average bbl. cement 
and equal quantity sand was used per linear foot tunnel. 
The average amount put one machine per shift was bbl., and 


therefore the average length tunnel grouted per machine per shift 
was ft. The typical working force was: 


Foreman 


Laborer running grout machine..... 


Laborers handling cement and sand.“ 1.75 
Laborer tending valve 


After the grouting was finished, the arches were rubbed over with 
wire brushes take off discoloration, and rough places the junc- 


tions adjoining lengths left the block laggings were bush- 
hammered. 
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Face Bench form used for this portion the 
work shown Plate consisted central framework 
traveling wheels, and, from the framework, two vertical forms 
suspended, one each side, and equal height the whole height 
the bench. Adjusting screws were fitted intervals both top 
and bottom, and thus the position the face forms could adjusted 
accurately. The face forms were built very carefully 3-in. tongued 
and grooved yellow pine, and one 50-ft. form was used for ft. 
tunnel without having the face renewed. Great care was taken set 
these forms true line and grade, the appearance the tunnel 
would have been ruined any irregularity. Joints between successive 
lengths were finished with V-groove. 

The concrete was received the form dumping buckets; these 
were hoisted the top the form Lidgerwood hoister fixed 
trailer. The concrete was placed the form shoveling from the 
traveling stage down chutes fitted its side. The quantity water 
used the mixture needed careful regulation. The first few batches 
the bottom had very wet, and were made with less stone than 
the upper portion, order that the concrete would pack solidly around 
the niche box forms and other awkward corners. 

The forms for the ladders and refuge niches were fastened the 
face the bench forms bolts which could loosened before the 
main form was moved ahead, and this way the ladder and niche forms 
were left position for some time after the main form was removed. 

first the forms were kept place for hours after finishing 
length, but, after little experience, hours was found 
enough. the summer, when the rise temperature quickened the 
set, the time was brought down hours. The average time taken 
for 50-ft. length was: 


Moving forms ahead and resetting............ 


The typical working gang was: 


Laying Concrete. 
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Moving and Setting Forms. 


After the forms were removed, any rough places the lower edge, 
where the concrete joins the “lip,” were bush-hammered; other 
cleaning work was done. 

Duct Laying and design and location the ducts 
have already been described. will have been seen that the duct- 
bench concrete was laid steps, which the ducts were laid, hence 
the maintenance the grade and line the ducts was easy 
matter. The only complication was the expanded metal bonds, which 
were bent out the way the arch forms and straightened out 
again after the arch forms had passed. The materials, such ducts, 
sand, and cement, were brought into the tunnel the regular trans- 
portation gang. The mortar was mixed wooden trough about 
ft. long, ft. in. wide and in. deep. 

After the single-way ducts had been laid, all the joints were 
plastered with mortar, order prevent any foreign substance from 
entering the ducts. This was not necessary with the multiple duct, 
the joints were wrapped with cotton duck. The ducts were laid 
laying mandrel, and, soon possible after the concrete was laid 
around set ducts, they were “rodded” with rodding mandrel. 
Not many obstructions were met, and these were usually some stray 
laying mandrel which had been left mistake, collections 
mortar where the plastering the single-way joints had been defective. 

the 657 000 duct ft. conduit the river tunnels only eight 
serious obstructions were met. That the work was exceptionally 
high quality shown the fact that heavy 3-in. lead cable has been 
passed through from manhole manhole (450 ft.) min., and the 
company, engaged lay the cables these ducts, broke all its previous 
records for laying, not only for tunnel work, but also the open. 

Fig. Plate shows collection the tools and 
arrangements used laying and rodding ducts. The typical working 
force was: 
Laying Multiple Ducts. 
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Laying Single-Way Ducts. 
shift. 


Rodding Multiple Ducts. 

Foreman ........... $3.50 per shift. 

Rodding Single-Way Ducts. 

The average progress per 10-hour shift with such gangs was: 
Laying multiple ducts....... 4000 duct ft. 
Rodding single-way ducts........ 


detailed description need given the concreting the 
cross-passages, pump chambers, sumps, and other small details, the 
design which has been previously shown. The concrete was finished 
June Ist, 1909. 


Period No. Cleaning 1909, November, 


soon all the concrete was finished, the work cleaning 
‘the invert was begun. large quantity débris littered the tunnels, 


and was economical remove quickly possible. The remain- 
ing forms were first removed, and hoisting engines, supported cross- 
timber laid across the benches, were set the middle the 
tunnel about 500-ft. intervals. 

Work was carried day and night, and about 169 ft. single 
tunnel was cleared per 10-hour shift. Work was begun May 28th, 
and finished July 15th, 1909. For part the time was carried 
two points each tunnel, working toward the two shafts, but 
when the work the Weehawken Shaft, which was being done the 
same time, blocked egress from that point, all material was sent out 
the Manhattan Shaft. 

The total quantity material removed was 350 cu. yd., about 
0.44 cu. yd. per lin. ft. tunnel. The average force per shift was: 


Tunnel. 
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the Surface. 


$3.25 per shift 


Laborers 


After the cleaning out had been done, the contractor’s main work 
was finished. However, quite considerable force was employed, 
November, 1909, doing various incidental jobs, such the in- 
stallation permanent ventilation conduits and nozzles the in- 
tercepting arch near the Manhattan Shaft, the erection head- 
house over the Manhattan Shaft, and collecting and putting order 
all the miscellaneous portable plant, which was either sold re- 
turned store, sorting all waste materials, such lumber, piping, 
and scraps all kinds, and, general, restoring the sites the 
working yards their original condition. 


Mixing. 


The plant used mixing the concrete for the land tunnels was 
pulled down and re-erected before the concrete work the river 
tunnels was begun. the New York shaft two new bins for sand 
and stone were built, bringing the total capacity 950 cu. yd. 
Two No. Ransome mixers, driven electrically 30-h.p. General 
Electric motors, using current from the contractor’s generators, were 
set special platform the intercepting arch. 

Manhattan the sand and stone were received from the bins 
chutes small hopper built the permanent upper platform 
the intercepting arch. Bottom-dumping cars, divided partition 
into two portions, arranged hold the proper quantities sand and 
stone for 4-bag batch concrete, were run track this upper 
platform, filled with the proper quantities sand and stone, and 
then run back and dumped into the hoppers the mixer. After 
mixing, the was run down chutes into the tunnel cars stand- 
ing the track below. The water was brought pipes from the 
public supply. was measured barrels graduated scale within 
the barrels. The water was not put into the mixer until the sand 
and stone had all run out the mixer hopper. The mixture was 
revolved for about min., about complete revolutions. 

Weehawken Shaft the mixing plant was entirely rebuilt. Four 
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large bins, two for sand and two for stone, were built the shaft. 
Together, they held cu. yd. stone and 400 cu. yd. sand. 
The sand and stone were dumped directly into the bins from the cars 
the trestle which ran from the wharf the shaft. The ma- 
terials were run through chutes directly from the bins the hop- 
pers the mixers, where they were measured. Two No. Ransome 
mixers, electrically driven, were used here, New York, and, 
there, the water was led into measuring tanks before being let 
into the mixer. 

The quantity water used the various parts the concrete 
cross-section, for 4-bag batch consisting bbl. (380 lb.) 
cement, 8.75 cu. ft. sand, and 17.5 cu. ft. stone, given 
Table 31. 


Portion cross-section. Maximum. Minimum. Average. 


The maximum quantities were used when the stone was dry and 
contained more than the usual proportion fine material, the mini- 
mum quantity when the sand was wet after rain. 

The resulting volumes one batch, for various kinds stone, are 
given Table 32. 


Kinps 


DESCRIPTION STONE. Resulting volume 
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General average. 0.808* Measured from plan. 
1 : 2% 0.768+ “ 


Average for whole River Tunnel section. 
Average from 400 cu. yd. Land section. 
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The sand used was practically the same for the whole the river 
tunnel section, and was supposed equal “Cow Bay” sand. The 
result the mechanical analysis the sand shown Plate 
The stone was all trap rock. For the early part the work consisted 
stone which would pass 2-in. ring and retained ring, 
fact, the same used for the land tunnels. This was found 
too coarse, and for time was mixed with equal quantity 
fine gravel fine crushed stone. soon could arranged, run- 
of-crusher stone was used, everything larger than in. being excluded. 
About three-quarters the river tunnel concrete was put with 
run-of-crusher stone. 


Manhattan. 


Men sand and stone 1.75 


The force was: 


Weehawken. 


— 


The average quantity concrete mixed per 10-hour shift was about 
117 batches, about cu. yd. The maximum output one the 
mixers was about 168 batches, 129 cu. yd. per 10-hour shift. 


Transportation. 


Surface Transportation—At Manhattan the stone and sand were 
received scows the wharf the river front. For the first 
the work, the wharf 32d Street and North River was used, and 
while that was use the material was unloaded from the scows into 
grab-bucket running overhead cable, and then 
teamed the shaft. For the latter part the work, the wharf used 
was 38th Street and North River, where facilities for unloading 
were given the contractor the Pennsylvania Railroad Company 
which was the permanent lessee the piers. The material was un- 
loaded into grab-bucket operated derrick, and 
teamed the shaft. When the arrived the shaft they 
were lifted from the derricks and dumped into the bins. 
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Weehawken all the stone and sand, with the exception the 
stone crushed the work, was received water the North slip. 
Here was unloaded 2-cu. yd. grab-bucket and dumped into 
2-cu. yd. side-tipping cars, which were hauled small steam loco- 
motive over the trestle the shaft, where they were dumped directly 
into the bins. 

Before beginning the concrete lining, the 2-ft. gauge railway, which 
had been used for the surface transportation during the driving the 
iron-lined tunnels, was taken and replaced 3-ft. gauge track 
consisting largely rails. The cars were 3-cu. yd. side-dumping, 
with automatic swinging sides. Two steam locomotives which were 
being stored Weehawken (part the plant from another contract), 
were used for hauling the cars place the electric ones used with 
the 2-ft. gauge railway. 

Tunnel Transport.—The track used the tunnel was 2-ft. 
gauge, laid with the rails previously used driving the iron- 
lined tunnels. The mining cars (previously mentioned describing 
the driving the iron-lined tunnels) were used for transporting the 
invert concrete, although, for most the work, dumping buckets 
ried flat cars were used. Several haulage systems were considered 
for this work, but not one them was thought flexible enough 
used with the constantly changing conditions, and was event- 
ually decided move all the cars hand, because, practically all 
the work being down grade, the full cars could run down gravity 
and the empty ones pushed back hand. Two men were allotted 
each car, and were able keep the traffic moving manner that 
would have been perhaps impossible with any system mechanical 
haulage. This system was apparently justified the results, for the 
whole cost the tunnel transport, over average haul about 
2000 ft., was only about cents per cu. yd., which will found 
compare favorably with mechanical haulage similar work elsewhere, 
provided full allowance made for the use the plant and power. 


Force Employed.—The average employed transport, both 
the surface and the tunnel, shown Table 33. 


Costs. 


During the work, careful records the actual cost the contractor 
out this work were kept the Company’s forces; these 
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costs include all direct charges, such labor and materials, and all 
indirect charges such head office, plant depreciation, insurance, etc., 


but not include the cost any financing, which the Company 
had information. 


TABLE 33.—Averace Force ror TRANSPORTATION 
Two 


PROGRESS. 


Location. Two arches, 


Tunnel... 


Two inverts Four arches 
and two two inverts, and one 


and two 
duct benches. duct benches. face bench. 


S20 


Field Engineering Staff. 
The field staff may considered divisible into five main divi- 
sions: 

(A).—Construction, including alignment, 

(B).—Cost records, 

(C).—Testing cement and other materials construction, 
(D).—Photography, 

service. 


(A).—Construction (Inspection and Alignment) Staff—A com- 
paratively large staff was maintained the Company, and this 
two causes contributed. the first place, the contractor maintained 
field engineering staff, because, early the proceedings, was 
arranged that the Company would carry out all this work, and thus 
avoid the overlapping, confusion, and lack definite responsibility 
which often ensues when two engineering forces are working over the 
same ground. Even had the contractor maintained engineering 
force, would have been necessary for the Company check most 
the contractor’s work. 

the second place, this work gave rise number special 
surveys, tests, borings, and observations various kinds, most which 
were kept part the regular routine work, and this necessi- 
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tated staff. Also, for whole year, active progressive work was 
standstill while the pile tests were going on. 

(B).—Cost Records distinct feature was made keeping 
possible detailed records the actual cost the 
contractor carrying out the work. small staff clerks, retained 
solely for this purpose, tabulated and recorded the information fur- 
nished the members the construction staff. About $12 000, alto- 
gether, was spent salaries this department, and may con- 
sidered extremely wise investment, for, not only the information 
thus obtained great value and interest itself, but also puts the 
Company excellent position should any claim discussion arise 
with the contractor. 

the Company furnished 
the cement the contractor, became incumbent make careful tests 
the quality. cement-testing laboratory was established the 
Manhattan Shaft offices, under the charge cement inspector who 
was furnished with assistants for sampling, shipping, and testing 
cement. All materials used the work, such bricks, sand, stone, 
water-proofing, were tested here, with the exception metals, 
which were under the charge metal inspector reporting directly 
the head office. This about $10000 for salaries and 
000 for apparatus and supplies, about $13 000, all. 

There were 800 000 bbl. cement tested, and samples from 100 000 
brick. large amount useful information has resulted from the 
work this laboratory. 

was desired keep complete photographic 
record the progress the work, and therefore photographer was 
appointed, with office room the Manhattan Shaft. The photographer 
took all the progress photographs the work the North River 
Division, made photographic reductions all drawings and plans, 
made lantern slides all negatives more important nature, and, 
addition, during the period compressed air, analyzed the samples 
compressed air, brought into the office for the purpose, for the 
amount CO, present. About was spent this department. 

provide access the New Jer- 
sey side, despatch boat was purchased. This boat was first (June, 
1904) chartered, and May, 1905, was bought outright, and ran 
regular schedules, day and night. continued the service until 
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April, 1909, when was given up, the tunnels were far com- 
pleted that they provided easy access New Jersey. The cost the 
boat (second-hand) was about $3000. was then thoroughly over- 
hauled and the cabin remodeled. The monthly cost, when working 
12-hour shift, was $270 for manning, $65 for supplies, and $64 for 
two 12-hour shifts, the monthly cost was $533 for manning, 
$100 for supplies, and $96 for coal. About 100000 passengers were 
during the boat’s period service, and the total cost was 
about $37 500. 

For the major part the period embraced this paper, 
Hewett, Am. E., served General Resident Engineer, 
charge the Field Work whole. 

Brown, Am. E., was first Resident Engineer 
the work constructed from the Manhattan Shaft, while Burke, 
Am. E., was Resident Engineer the work constructed from 
the Weehawken Shaft. After the meeting the shields, Mr. Burke left 
take another appointment, and from that time Mr. Brown acted 
Resident Engineer. 

may said, without reflecting any way the manufacturers, 
that the high standard all the metal materials also testified the 
efficient inspection under the direction Mr. Naege- 
ley. 

impossible close this brief account these tunnels without 
recording the invaluable services all times rendered the members 
the Company’s field staff. Where all worked with one common aim 
might seem invidious single out names, but special credit due 
the following Assistant Engineers: Messrs. Boardman, 
E., and Robinson, Am. Soe. Mr. Price was 
charge the cement tests throughout the entire period, and brought 
his work not only ability but enthusiasm. Mr. Bastow was 
charge the photographic work; and Mr. Heyer the cost 
account records, which was ably seconded Mr. Gehling, 
who, after Mr. Heyer’s departure, finished the records 
them into their final shape. The organization the Company’s field 
engineering staff shown graphically Fig. 24. 
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contracting firm which did the 
work described this paper was the O’Rourke Engineering Construc- 
tion Company, New York City. The President this Company 
John O’Rourke, Am. E., the Vice-President Gubel- 
man, Assoc. Am. Soc. The General Superintendent was 
The duties General Tunnel Superintendent fell Mr. Patrick Fitz- 
gerald. The generally pleasant relations existing between the Com- 
pany and the contractor’s forces did much facilitate its execution. 

The organization the Contractor’s field staff shown Fig. 25. 


PENNSYLVANIA TUNNEL AND TERMINAL RAILROAD COMPANY. 
NORTH RIVER DIVISION. 


Sections East, West SuPPLEMENTARY, GJ, AND 19TH AVENUE, 
MANHATTAN, THE SHAFT, FIELD ENGINEERING STAFF ORGANIZATION. 


GENERAL RESIDENT ENGINEER. 


Testing) (Photography) (Construction) (Cost Records) (Despatch Boat) 


Cement Inspector. Photographer. 


Recording Captain. Clerks. 
Asst. Cement In- Clerk. Engineers. 
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ing Clerks. Messengers. 


RESIDENT ENGINEERS. 
(Two during driving Shield-driven Tunnels, 
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Assistant Engineers. Assistant Engineers. Draftsmen. 
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tor. Instrumentmen. Cement Warehouse 
Tunnel Inspectors. Rodmen. men. 
Surface Inspectors. Chainmen. Janitors. 
Clerks. Laborers. 
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conclusion, the writers cannot forego the pleasure expressing 
their deep obligation Samuel Rea, Am. Soc. E., representing 
the Management the Company, the Chief Engineer, Charles 
Jacobs, Am. Soc. E., and James Forgie, Am. E., 
Chief Assistant Engineer, for their permission write this paper, and 
also all the members the field office staff for their great and unfail- 
ing assistance its preparation. 
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Discussion.* 


the writer that the design this structure two features are open 
The first that such high structure was built plain 
without any reinforcement. Even the computation 
stresses did not show the necessity for steel some should 
have been embedded the work. matter fact, the writer 
believes that, with the present knowledge the benefit reinforced 
concrete, structure such this should not built without it. This 
applies mainly the tower below the tank. 

The second feature, which still more important, refers the 
insertion shell smooth steel plate take the stresses due the 
hydrostatic pressure, and also insure against leakage the walls 
the tank. The 6-in. shell plain concrete outside the steel shell, 
and the 3-in. shell inside, not work together, and are practically 
value walls, but are simply outside and inside linings. Although 
the designer provided lugs insure the adhesion the concrete 
the plate, such precaution, the writer’s opinion, will not prevent 
the separation the concrete from the smooth steel plate, and, 
some future time, the water will reach and corrode the steel. 
would have been better have reinforced the wall the tank with 
rods, generally done. The full thickness would have been avail- 
able, and less plastering would have been required. Furthermore, the 
adhesion concrete smooth steel plate doubtful value, for, 
reinforced concrete, not the adhesion which does the work, 
but the gripping the steel the concrete the process setting. 


*This discussion (of the paper Jr., Jun. Am. Soc. E., printed 
Proceedings for February. 1910, and presented the meeting March 16th, 
ers 
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probably the sightliest structure its kind North America; 
still, does not look like water-tower, and, from architectural 
point view, the crown portion faulty, because makes the tank 
appear much less depth than really is. 

The cost this structure far exceeds that similar tanks the 
United States. The stand-pipe Attleboro, ft. diameter and 
100 ft. high, cost about Several years ago the writer proposed 
build elevated tank, ft. diameter and ft. deep, the bot- 
tom which was ft. above the ground, for $21 000. 

Among other elevated tanks known the writer one having 
100000 gal., the bottom being ft. above the ground.* 
The total quantities material required for this tank are given 
4480 cu. ft. 200 reinforcing steel, and 600 ft., 
M., form lumber and staging. Calculating the abnormally 
high unit prices cents per cu. ft. for concrete, cents per lb. 
for steel, and $50 per ft., M., for lumber, the cost the con- 
crete would the steel, $928, and the form lumber and stag- 
ing, $1380. Adding this the cost spiral the high 
figure per linear foot height, the total cost this structure 
would $4598. The factor safety used this structure was 
fuur, but some engineers who are not familiar with construc- 
tion may require higher factor. doubling the quantities con- 
and steel, which would mean tensile stress the steel only 
per sq. in., and compressive stress the concrete only 
225 per sq. in., the cost the tank would only 318, compared 
with the mentioned the paper. This enormous discrepancy 
between good design and amateur design, and between day-labor 
work and contract work should lesson which consulting engineers 
and managers large corporations, who prefer their own designs and 
day-labor work, should take heart. 


writer’s opinion that the steel tank enclosed within the concrete the 
upper cylinder, take the hoop tension and presumably provide 
water-tight tower, will not fulfill this latter requirement. 
plastered surface the dome-shaped bottom provided the necessary 
imperviousness, would seem that plastered walls would have proved 
satisfactory. 

Apparently, the sheet-metal tank intended exclude the possi- 
bility exterior leakage, but occurs the writer that will fail 
efficient this particular, because, under pressure, the water will 
itself under the steel tank and the dome thrust rings and out 
the exterior the tower just below the tank, thus showing that 
insurance against leakage actually provided the plastered interior 
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surfaces and not the sheet-metal tank, and, for this reason, ordi- 
nary deformed rod reinforcement, the writer’s opinion, would have 
proved cheaper and better, and more line with other parts the 
reinforcement. 

Mr. Kempkey states: 

“Before filling, the inside the tank was given plaster coat, 
consisting part cement parts fine sand. This proved 
insufficient prevent leakage, the water seeping through the 
dome and appearing the outside the structure along the line 
the bottom the Three more coats were then applied 
over the entire tank, and two additional ones over the dome and about 
ft. the sides, and except for one two small spots which 
show just sign moisture, the tank perfectly tight.” 

This substantiates the writer’s contention that water-tightness was 
actually obtained liberal use cement plaster, which would also 
have been true had the reinforcement been rods. 

further comment, might stated that water-tight con- 
crete for the tank could have been obtained adding from 10% 
hydrated lime the 1:2:4 mixture. This advisable all 
where water-tight necessary. The interior plaster- 
ing could then have been done further precaution. 
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Mr. Godfrey’s paper serves attract attention the glaring incon- 
sistencies commonly practiced reinforced concrete designs, and par- 
ticularly the careless detailing such structures, will have 
accomplished valuable purpose, and will deserve the gratitude the 
Profession. 

engineer would expect steel bridge stand the detail- 
ing were left the judgment convenience the mechanics the 
shop, yet many reinforced concrete designs but little more thought 
given the connections and continuity the steel than were 
unimportant element the structure. Such examples, 
trated the retaining wall Fig. are common, the reinforcing 
bars the counterfort being simply hooked 4-in. U-bend 
around those the floor and wall slabs, and penetrating the latter 
only from in. The writer can cite example which still 
worse—that T-wall, ft. high, which the vertical reinforce- 
ment the wall slab consisted bars, spaced in. apart. The 
wall slab was in. thick the top and only in. the bottom, yet 
the vertical bars penetrated the floor slab only in., aud were 


*This discussion (of the paper Edward Godfrey, Am. Soc. E., printed 
Proceedings for February, 1910, and presented the meeting March 1910), 
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simply hooked around its lower horizontal bars 4-in. U-bend. 
Amazing may appear, this structure was designed engineer 
who well versed the theories reinforced concrete design. These 
are only two examples from long list which might cited illus- 
trate the carelessness often exhibited engineers detailing rein- 
concrete structures. 

reinforced concrete work the detailer has often felt the need 
some simple and efficient means attaching one bar another, 
but its absence, inexcusable that should resort such make- 
shifts are commonly used. simple U-hook the end bar 
will develop only small part the strength the bar, and, 
course, should not relied where the depth penetration inade- 
quate; and, because the necessity efficient anchorage the 
reinforcing bars where one member structure unites with another, 
believed that some instances economy might subserved 
the use shop shapes and shop connections in-steel, instead the 
ordinary reinforcing bars. Such cases are comparatively few, how- 
ever, for the material common use readily adapted the design, 
the ordinary engineering structure, and only requires that its 
limitations observed, and that the designer conscientious and 
consistent detailing though were designing steel. 

This paper deserves attention, and hoped that each point 
therein will receive full and free discussion, but its main purport 
plea for simplicity, consistency, and conservatism design, with 
which the writer heartily accord. 


Bent Am. Soc. (by author has 
given expression forcible way feelings possessed doubt 
many careful designers the field question. The paper will serve 
useful purpose making somewhat clearer the limitations rein- 
forced concrete, and may tend bring about more economical use 
reinforcing material. 

safe say that steel bridges, they were designed the 
beginning, weakness was found the connections and details, 
rather than the principal members. the modern advanced 
practice bridge design the details will found have some excess 
strength over the principal members. probable that the design 
reinforced concrete structures will take the same general course, 
and that progress will made toward safety minor details and 
economy principal bars. 

Many the author’s points appear well taken, especially the 
first, the third, and the eighth. 

regard shear bars, assumed that vertical inclined 
bars add materially the strength short deep beams, can only 
explained viewing the beam framed structure truss which 
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the compression members are concrete and the tension members 
steel. evident that, generally built, the truss will found 
weak the connections,. more particularly, some cases, the 
connections between the tension and compression members, men- 
tioned the author’s first point. 

appears the writer that this fault may aggravated the 
case beams with top for compression; this scarcely 
touched the author. such case the top and bottom chords 
are steel, with weakly connected web system which, practice, 
usually composed stirrup rods looped around the principal bars and 
held position the which they are supposed strengthen. 

While this phase the subject, may proper call atten- 
tion the fact that the Progress Report the Special Committee 
and may well criticised for its 
attention the case beams the compression side. 
limitations for the guidance the designer, but 
approval given loading the steel with its full share top-chord 

certain systems now use, such the Kahn 
and Cummings systems, the need for connections between the web 
system and the chord member met some degree, generally 
known. the other hand, however, these systems not provide for 
such intensity pressure the concrete the points connection 
must oceur the author’s demonstration his first point. The 
author’s criticisms some other points would also apply such 
systems, and not necessary state that one weak detail will limit 
the strength the truss. 

The author has only condemnation for the use longitudinal rods 
eonerete columns (Point 15). would seem that the longi- 
tudinal bars are part the load they must supported 
laterally the concrete, and, before the beam, may likened 
framed structure which the web system formed concrete 
alone, framework poorly connected members, and the con- 
crete and steel must give mutual support way not easy analyze. 
surprising that the strength such structure some- 
times less than that shown concrete alone. 

the Minneapolis tests, quoted the author, there are certain 
points which should noted, fairness columns reinforced longi- 
tudinally. Only four columns failed below the 
strength shown concrete alone, and these were from days 
old only, while the plain was days old. There was nothing 
hold the rods place these four columns except the concrete and 
the circular hoops surrounding them. the other hand, all the 
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columns which the hooping was hooked around the individual rods 
showed materially greater strength than the plain concrete, although 
perhaps one should excepted, was 158 days old and showed 
strength only 2250 lb. per sq. in., 12% more than the plain 

considering column reinforced with longitudinal rods and 
hoops, proper remark that the concrete not confined the 
steel ought not counted aiding the latter any way, and that, 
consequently, the bond the outside bars greatly weakened. 

view these considerations, may found economical give 
the steel reinforcement columns some stiffness its own 
ciently connected lateral bracing. The writer would suggest, further, 
that beams where rods are used compression system web 
members sufficiently connected should provided, that the strength 
the combined structure would determinate. 

sum briefly, columns and short deep beams, especially when 
the latter are doubly reinforced, should designed framed struc- 
tures, and web members should provided with stronger connections 
than have been customary. 


value attention many the bad practices found 
concrete work, and also that gives opportunity for 


Mr. 


Mr. 
Worcester. 


discussing certain features design, about which engineers not 


agree. free discussion these features will tend unify methods. 
Several the author’s indictments, however, hit practices which 
were discarded long ago most designers, and are not recommended 
any good authorities; the implication that they are general use 
unwarranted. 

The first criticism, that bending rods sharp angle, may 
said this nature. Drawings may made without indicating 
the curve, but practice metal seldom bent sharp angle. 
undoubtedly true that.in every instance gradual curve preferable. 

The author’s second point, that suitable anchorage not provided 
for bent-up rods the ends beam, may also said 
practice which not recommended used the best designs. 

The third point, reference the counterforts retaining walls. 
‘is certainly aimed very reprehensible practice which should not 

The fourth, fifth, and sixth items bring out the fact that un- 
doubtedly there has been some confusion the minds designers 
and authors the subject shear the steel. The author wholly 
justified criticising the use the shearing stress the steel ever 
being brought into play reinforced concrete. the 
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report the Special Committee Concrete and Reinforced Con- 
crete, this point, seems might have made the intention 
the Committee somewhat, clearer had the word, tensile, been in- 
serted connection with the stress the shear reinforcing rods. 
considering beam reinforced concrete which the shearing 
stresses are really diagonal, there compression one case and 
tension another; and, assuming that the metal must inserted 
resist the tensile portion this stress, not essential that should 
necessarily wholly parallel the tensile stress. Vertical tensile 
members can prevent the cracking the beam diagonal tension, 
just Howe truss all the tensile stresses due shear are taken 
vertical direction, while the compressive stresses are carried 
the diagonal direction the wooden struts. The author seems over- 
look the fact, however, that the reinforced concrete beam differs from 
the Howe truss that the concrete forms multiple system diagonal 
compression members. not necessary that stirrup one point 
should carry all the vertical tension, this vertical tension dis- 
tributed the concrete. There doubt about the necessity 
providing suitable anchorage for the vertical stirrups, and such 
definitely required the recommendations the Special Committee. 

The cracks which the ‘author refers being necessary before the 
reinforcing material brought into action, are just likely occur 
the the bent-up rods with anchors the end, advocated 
him. While his method may safe one, there also question 
that suitable arrangement vertical reinforcement may all that 
necessary make substantial construction. 

With reference the seventh point, namely, methods 
moments, might said that not generally considered good 
practice reduce the positive moments the center span the 
amount allowable beam fully fixed the end, and provision 
made for negative moment over supports sufficient develop the 
stresses involved complete continuity, there usually considerable 
margin safety, from the fact the lack possible fixedness the 
beams the supports. The criticism evidently aimed practice 
not recommended. 


the eighth point, the necessary width beam order 


transfer, horizontal shear, the stress delivered the concrete from 


the rods, might well worth while for the author take into con- 
sideration the fact that while the bonding stress developed its 
full extent near the ends the beam, very frequently happens that 
only portion the total number rods are left the bottom, the 
others having been bent upward. may that the width beam 
would not sufficient carry the maximum bonding stress the 
total number rods near its center, and yet may have ample shear- 
ing strength the horizontal planes. The customary method 
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determining the width the beams that the maximum horizontal 
shearing stress will not excessive, seems more rational 
method than that suggested Mr. Godfrey. 

Referring the tenth and fourteenth points, would interest- 
ing know whether the author proportions his steel take the 
remaining tension without regard the elongation possible the 
point where located, considering the neutral axis the section 
under the combined stress. Take, for instance, chimney: the 
section first considered homogeneous material which will carry 
tension and compression equally well, and the neutral axis found 
under the stresses, the extreme tensile fiber stress the con- 
will generally matter 100 200 lb. Evidently, steel 
inserted replace the concrete tension, the corresponding stress 
the steel cannot more than from 1500 per sq. in. 
sufficient steel provided keep the unit stress down the proper 
figure, there can little criticism the method, but worked 
to, say, lb. per sq. in., evident that the result will 
different position for the neutral axis, invalidating the calculation and 
resulting greater stress compression the concrete. 

practice reinforced concrete design which Mr. Godfrey calls 
attention due, the writer’s opinion, inexperience the part 
the designer. 

true, however, that men high standing, who derided rein- 
concrete only few years. ago, now pose reinforced concrete 
experts, and probably the author has the mistakes these men 
mind. 

The questions which propounds were settled long ago great 
many tests, made various countries, reliable authorities, although 
the theoretical side not easily answered; but must borne 
mind that the stresses involved are mostly secondary, and, even 
steel construction; these are difficult solution. The stresses the 
web deep steel girder are not known, and the web strengthened 
liberal number stiffening angles, which expert can figure 
out nicety. The ultimate strength built-up steel columns not 
known, frequently not even within 30%; still less known the 
strength columns consisting thin steel casings, the types used 
the Bridge. seems impossible solve the problem 
theoretically for the simplest case, but had the designer that bridge 
known the tests made Hodgkinson more than years ago, that 
accident probably would not have happened. 

Practice always ahead theory, and the writer claims that, with 
the great number thoroughly reliable tests made the last years, 
the man who really informed this subject will not see any reason 
for questioning the points brought out Mr. Godfrey. 
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The author right condemning sharp bends reinforcing rods. 
Experienced men would not think using them, only for the reason 
that such sharp bends are very expensive, and that there great likeli- 
hood breaking the rods, least weakening them. Such sharp 
bends invite cracks. 

Neither there any question regard the advantage con- 
tinuing the bent-up rods over the supports. The author mani- 
festly wrong stating that the reinforcing rods can only receive their 
increments stress when the concrete tension. Generally, the 
contrary happens. the ordinary adhesion test, the block con- 
crete held the jaws the machine and the rod pulled out; the 

The underside continuous beams compression near the 
supports, yet one will say that steel rods cannot take any stress 
there. quite surprising learn that there are engineers who 
still doubt the advisibility using bent-up bars reinforced con- 
crete beams. Disregarding the very thorough tests made during the 
last years Europe, attention called the valuable tests 
thirty beams made Harding, Am. E., for the 
Chicago, Milwaukee and St. Paul Railroad.* All the beams were rein- 
forced with about steel. Those with only straight rods, whether 
they were plain patented bars, gave average shearing strength 
150 per sq. in. Those which had one-third the bars bent 
gave average shearing strength 200 lb. per sq. in., and those 
which had nearly one-half the rods bent gave average shear- 
ing strength 225 lb. per sq. in. Where the bent bars were continued 
over the supports, higher ultimate were obtained than where 
some the rods were stopped off near the supports; but every case 
bars showed greater carrying capacity than straight rods. 
The writer knows also number tests with rods fastened 
anchor-plates the end, but the tests showed that they had only 
slight increase strength over straight rods, and certainly made 
poorer showing than bent-up bars. The use such threaded bars 
would increase materially the cost construction, well the time 
erection. 

The writer confesses that never saw heard such poor prac- 
tices mentioned the author’s third point. the other hand, the 
proposed design counterforts retaining walls would not only 
very expensive and difficult install, but would also decided step 
backward This proposition recalls the trusses used before 
the introduction the Fink truss, which the load from the upper 
chord was transmitted separate members directly the abutments, 
the inventor probably going the principle that the shortest way the 
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best. There are the United States many hundreds rectangular water 
tanks. Are these held any such devices? And they are not thus held, 
and inasmuch there doubt that they must carry the stress when 
filled with water, clear that, long the rods from the sides are 
strong enough carry the tension and are bent with liberal radius 
into the front wall and extended far enough form good anchorage, 
the connection will not broken. The same applies retaining 
walls. would take too much time prove that the counterfort 
acts really beam, although the forces acting are not 
easily found those common beam. 

The writer does not quite understand the author’s reference 
shear rods. Possibly means the longitudinal which 
seems sometimes calculated carry per sq. in. shear. 
The writer never heard such practice. 

certainly not act the rivets plate girder, nor the vertical 
rods Howe truss. They are best compared with the dowel pins 
and bolts compound wooden beam. The writer has seen tests 
made compound concrete beams separated copper plates and 
connected only stirrups, and the strength the combination was 
nearly the same that beams made one piece. 

Stirrups not add much the strength the beams where bent 
bars are used, but the majority tests show great increase 
strength where only straight reinforcing bars are used. Stirrups are 
safeguards against poor concrete and poor workmanship, and form 
good connection where concreting interrupted through inclemency 
weather other causes. They absolutely prevent shrinkage cracks 
between the stem and the flange T-beams, and the separation 
the stem and slab case serious fires. For the latter reason, 
the writer condemns the use simple U-bars, and arranges all his 
stirrups that they extend from in. into the slabs. Engineers 
are warned not follow the author’s advice with regard the omis- 
sion stirrups, but use plenty them their designs, sooner 
later they will thoroughly repent it. 

regard bending moments continuous beams, the writer 
wishes call attention the fact that least 99% all reinforced 
structures are with reduction 25% the bending 
moment the center, which requires only 20% the ordinary bending 
moment freely supported beam the supports. There may 
some engineers who calculate reduction 33%; there are still some 
ultra-confident men, little experience, who compute reduction 
50%; but, inasmuch most designers with reduction 
only 25%, too great factor safety does not result, nor have any 
failures been observed that account. 
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the case slabs which are uniformly loaded earth water 


2 


pressure, the bending moments are regularly taken the center 
2 


and the supports. The writer never observed any failure 


continuous beams over the supports, although has often noticed 
failures the supporting columns directly under the beams, where 
these columns are light comparison with the beams. Failure 
slabs over the supports common, and therefore the writer always 
places extra rods over the supports near the top surface. 

The width the beams which Mr. Godfrey derives from his simple 
rule, that is, the width equals the sum the peripheries the rein- 
forcing rods, not upheld theory practice. the first place, 
this width would depend the kind rods used. beam rein- 
forced three round bars, the width, according his formula, 
would 8.2 in. the beam reinforced six bars which have 
the same sectional area the three bars, then the width should 
in., which ridiculous and does not correspond with tests, 
which would show rather better behavior for the six bars than for 
the three larger bars beam the same width. 

surprising learn that there are engineers who still advocate 
such width the stem T-beams that the favorable influence 
the slab may dispensed with, although there were many who did this 

certainly can laid down axiom that the man who uses 
complicated formulas has never had much opportunity design 
build reinforced concrete, the design alone might more 
expensive than the difference cost between concrete and structural 
steel work. 

The author attacks the application the elastic theory rein- 
arches. evidently has not made very many designs 
which used the elastic theory, would have found that the 
abutments need only from three four times thicker than the 
crown the arch (and, therefore, their moments inertia from 
times greater), when the deformation the abutments becomes 
negligible the elastic equations. Certainly, the theory gives 
better guess regard the location the line pressure than 
any guess made without its use. The elastic theory was fully proved 
for arches the remarkable tests, made 1897 the Austrian 
Society Engineers and Architects, full-sized arches 
span, and the observed deflections and lateral deformations agreed 
exactly with the figured deformation. 

Tests full-sized arches also showed that the deformations caused 
temperature changes agree with the elastic theory, but are not 
great for the whole mass the arch commonly assumed. The 
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elastic theory enables one calculate arches much more quickly than 
any graphical guess method yet proposed. 

Hooped columns are patented construction which one has the 
right use without license instructions from Considére, who 
clearly states that his formulas are correct only for rich concrete and 
for proper percentages helical and longitudinal reinforcement, which 
latter must have small spacing, order prevent the deformation 
the core between the hoops. With these limitations his formulas 
are correct. 

Mr. Godfrey brings some erratic column tests, and seems 
have confidence reinforced concrete columns. The majority 
column tests, however, show increase strength longitudinal 
reinforcement. good concrete the longitudinal reinforcement may 
not very effective very economical, but safeguards the strength 
poorly made concrete, and absolutely necessary account the 
bending stresses set such columns, due the character 
reinforced concrete work. 

Mr. Godfrey does not seem familiar with the tests made 
good authorities square slabs reinforced concrete and cast iron, 
which latter material also deficient tensile strength. These tests 
prove quite conclusively that the maximum bending moment per 

the degree fixture the slabs the four sides. Inasmuch 

2 


fixed ends are rarely obtained practice, the generally 


adopted and the writer cannot see any reason confuse the subject 
the introduction new method calculation. 


Mr. Godfrey’s criticisms reinforced concrete practice not seem 
well taken, and the writer begs call attention few points 
which seem weak. Fig. the author objects the use 
diagonal bars for the reason that, the diagonal reinforcement 
stressed the allowable limit, these bars bring the bearing the 
concrete, the point where the diagonal joins the longitudinal re- 
above safe value. The concrete the point juncture 
must give, some extent, and this would distribute the bearing over 
considerable length rod. some forms patented reinforce- 
ment additional safeguard furnished making the diagonals 
flat straps. The stress the rods this point, moreover, 
not generally the maximum allowable stress, for considerable taken 
out the rod adhesion between the point maximum stress and 
that juncture. 

Mr. Godfrey wishes remedy this replacing the diagonals 
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rods curved radius from twenty thirty times their diameter. 
common eases this radius will about equal the depth the 
beam. this assumed true. cannot assumed that 
these rods take any appreciable vertical shear until their slope 30° 
from the horizontal, for before this the tension the rod would 
more than twice the shear which causes it. these curved 
rods, assuming them sufficient size take, vertical 
component, the shear any vertical plane between the point where 
slopes 30° and its point maximum slope, would need 
spaced at, approximately, one-half the depth the beam. Straight 
rods equivalent strength, 45° with the axis the beam, this 


same spacing (which would ample), would 10% less length. 
Mr. Godfrey states: 


“Of course reinforcing rod concrete beam receives its stress 
imparted the grip the concrete; but these in- 


crements can only imparted where the tendency the concrete 
stretch.” 


then overlooks the fact that the end beam, such 
has shown, the maximum tension diagonal, and the neutral 
axis, not the bottom; and the rod the best position resist 
failure the plane, AB, its end sufficiently well anchored. 
That this rod should anchored is, states, undoubtedly so, 
but his implied objection bent end, opposed nut, seems 
the writer unfounded. some recent tests, rods bent 
right angles, with length diameters the end and concrete 
backing, developed stress straight length about diam- 
eters equal the bond stress and approximately equal the elastic 
limit the rod, which, for reinforcing purposes, its ultimate stress, 

Concerning the stirrups which Mr. Godfrey refers, 
there doubt that they strengthen beams against failure diag- 
onal tension or, more commonly known, shear failures. That 
they are not effective the beam built plain, for, one con- 

siders vertical plane between the stirrups, the concrete must re- 
sist the shear this plane, unless dependence placed that 
the longitudinal This, the author states, often done, 
but the practice unknown the writer, who does not consider 
any value; certainly the stirrups cannot aid. 

Suppose, however, that the diagonal tension above the ultimate 
stress for the concrete, failure the will then 
planes perpendicular the line maximum tension, approximately 
45° the end the beam. the stirrups are spaced close enough, 
however, and are sufficient strength that these planes failure 
all enough steel take tension the vertical shear the plane, 
then these cracks will very minute and will distributed, the 
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ease the center the lower part the beam. These stirrups 
will then take tension the vertical shear any plane, and hold 
the beam together, that the friction these planes will keep 
the strength the concrete horizontal shear. The concrete 
the end simple beam better able take horizontal shear than 
vertical, because the compression horizontal plane greater 
than that vertical plane. This idea concerning the action 
stirrups falls under the ban Mr. Godfrey’s statement, that any 
member which “cannot act until failure has started, not proper 
element design,” but this not necessarily true. For example, 
Mr. Godfrey says “the steel the tension side the beam should 
considered taking all the tension.” This undoubtedly true, 
but cannot take place until the concrete has failed tension 
this point. used, vertical tension members should considered 
taking all the vertical shear, and Mr. Godfrey states, they 
should certainly have their ends anchored develop the strength 
for which they have been 

The writer considers diagonal the best for 
shear, and should used, especially all cases “unit” rein- 
but, some stirrups can and answer the 
manner suggested; and, for reasons practical construction, are 
sometimes best with “loose rod” 


that there are some very interesting points the author’s somewhat 
shown that right most of, even any of, his assumptions, 
further expression approval due him. Few engineers have the 
time show fully, process reductio absurdum, that all the 
author’s points are, are not, well considered well founded, but the 
writer desires say that has read this paper carefully, and believes 
that its fundamental principles are well grounded. Further, believes 
that intricate mathematical formulas have place practice. This 
particularly true where these elaborate mathematical calculations 
are founded assumptions which are never found practice or.ex- 
periment, and which, even theory, are extremely doubtful, and cer- 
tainly are not possible within those limits safety wherein the 
engineer compelled work. 

The writer disagrees with the author one essential point, how- 
ever, and that the wholesale indictment special reinforcement, 
such stirrups, shear rods, ete. the ordinary way which these 
rods are used, they have practical value, and their theoretical value 
found only when the structure stressed beyond its safe limits; 
nevertheless, occasions may arise when they have definite practical 
value, properly designed and placed, and, therefore, they should not 
discriminated against absolutely. 


Mr. 
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Quoting the author, that “destructive criticism value unless 
offers something its place,” and connection with the author’s 
tenth point, the writer offers the following formula which has always 
used conjunction with the design reinforced concrete slabs 
and beams. based the formula for rectangular wooden beams, 
and assumes that the beam designed the principle that concrete 
tension strong that compression, with the understanding 
that sufficient steel shall placed the tension side make this 
true, thus fixing the neutral axis, the author suggests, the middle 
moment, and and the breadth and depth, inches. usually 
taken from 400 600 lb., according the conditions. order 
obtain the steel necessary give the proper tensile strength 


correspond with the compression side, the compression and tension 
areas the beam are equated, that 


the area steel per linear foot, 


the distance from the center the steel the outer fiber, and 
the strength the steel tension. 


Then for beam, in. wide, 


Carrying this its conclusion, have, for example, beam 
in. deep and in. wide, 
500, 
000, 
in. 
1.37 sq. in. per ft. 


The writer has used this formula very extensively, 
new work and also checking other designs built built, and 
believes its results are absolutely safe. There the further fact 
its that its simplicity bars very largely the 
error from its use. sees reason introduce further complica- 
tions into such formula, when actual tests will show results varying 


more widely than shown comparison between this simple 
formula and many more complicated ones. 


Myers, Jun. Am. Soc. (by paper 
brings out number interesting points, but that which strikes the 


where 
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writer most forcibly the tenth, regard elaborate theories and 


complicated formulas for beams and slabs. The author’s stand for 
simplicity this regard well taken. formula for the design 
beams and slabs need not complicated any respect. 
can easily obtained from the well-known fact that the moment 
any point divided the distance between the center compression 
and the center tension that point gives the tension (or com- 
pression) the beam. 

The writer would place the neutral axis from 0.42 0.45 the 
effective depth the beam from the compression side rather than 
the center, Mr. Godfrey suggests. This higher position the 
neutral axis the one more generally shown tests beams. 
which would result the neutral axis were taken the center 
the beam. 


depth the beam from the compression side the center 
the steel; 
the area the steel; 
and the allowable stress per square inch the steel. 


The difference, however, very slight, the results from the two 
formulas being proportional the two factors, 834 and 86. 
This formula gives the area steel required for the moment. The 
percentage steel can easily obtained from the allow- 
able stresses the concrete and the steel, and the dimensions the 
beam can obtained the simplest manner. This formula used 
with great success one the largest firms manufacturing rein- 
forcing materials and designing concrete structures. well-known 
the Profession, and the reason for using any other method, involving 
the Greek alphabet and many assumptions, unknown the writer. 
The only thing assume—if can called assuming when there 
are many tests locate it—is the position the neutral axis. 
slight difference this assumption affects the resulting design very 
little, and inappreciable, from practical point view. can 
safely said that the neutral axis at, little above, the center 
the beam. 

Further, would seem that the criticism the effect that the 
initial stress the concrete neglected devoid weight. far 
the designer concerned, the initial stress allowed for. The 
values for the stresses used design are obtained from tests blocks 
which have gone through the process setting. Whatever 
initial stress exists concrete due this process setting exists also 
these blocks when they are tested. The value the breaking load 
concrete given any outside measuring device used these tests, 
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the value that stress over and above this initial stress. this 
value with which work. would seem that, the initial stress 


neglected arriving safe working load, would safe 
neglect the formula for design. 


will this paper under the several “points” mentioned the 
author. 

First Point.—At the point where the first rod bent up, the stress 
this rod runs out. The other rods are sufficient take the hori- 
zontal stress, and the bent-up portion provides only for the vertical 
and diagonal shearing stresses the concrete. 

Second remarks the first point are also applicable 
the second one. Rod provides for the shear. 

Third beam, the shear rods run through the com- 
pression parts the and have sufficient anchorage. 
counterfort, the inclined rods are sufficient take the overturning 
stress. The horizontal rods support the front wall and provide for 
shrinkage. The vertical rods also provide for shrinkage, and assist 
the diagonal rods against overturning. The anchorage 
all cases, and the proposed method more effective. 

Fourth Point—In bridge pins, bending and bearing usually 
govern, but, case wide bar pulled pin between the supports 
close the bar, happens bolsters and post-caps combination 
bridges and other locations, shear would govern. Shear rods 
concrete-steel beams are proportioned take the vertical and diagonal 
shearing stresses. proportioned for less stress per square inch 
than used the bottom bars, this cannot considered dangerous 
practice. 

Fifth Point.—Vertical stirrups are designed act like the vertical 
rods Howe truss. Special literature not required the sub- 
ject; known that the method used gives good results, and that 
sufficient. 

Point—The common method not “to assume each shear 
member taking the horizontal shear the space from 
member member,” but take all the shear from the center the 
beam the bar question. 

not necessarily endanger the safety beam. Any 
device that will prevent the cracks from opening wide enough 
destroy the beam, logical. numerous experiments, Mr. Thaddeus 
Hyatt found that nuts and washers the ends reinforcing bars 
were worse than useless, and added nothing the strength the 
beams. 

Seventh can designed, supported the ends, 
fully continuous, continuous greater less extent, desired. 
The common practice design slabs take negative moment 
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over the supports equal one-half the positive moment the center, 
bend the alternate rods. This simple and good practice, 
for beam can fail long method provided which 
take care all the stresses without overstraining any part. 

the bottom reinforced concrete beam 
are often placed too close one another. The rule spacing the 
bars not less than three diameters apart, believed good 
practice. 

Ninth Point.—To disregard the theory T-beams, and work 
rule-of-thumb, can hardly considered good engineering. 

Tenth author appears consider theories for re- 
concrete beams and slabs useless refinements, but long 
theory and experiment agree wonderfully well, theories will 
undoubtedly continue used. 

Eleventh Point.—Calculations for chimneys are somewhat complex, 
but are better and safer than rule-of-thumb methods. 

Twelfth not very important. 

Thirteenth conclusion the Austrian Society 
Engineers and Architects, after numerous experiments, was that the 
elastic theory the arch the only true theory. arch designed 
the elastic theory was ever known fail, unless account 
insecure foundations, therefore engineers can continue use with 
confidence and safety. 

Fourteenth for temperature stresses, per 
theory, are undoubtedly correct for the variations temperature 
assumed. Similar can also made for shrinkage stresses, 
desired. This will give much better idea the stresses 
provided for, than all. 

Fifteenth show that slender longitudinal 
rods, poorly supported, and embedded concrete column, add little 
nothing its strength; but stiff steel angles, securely latticed 
together, and embedded the concrete column, will greatly increase 
its strength, and this construction considered the most desirable 
when the size the column has reduced minimum. 

Point—The commonly accepted theory slabs sup- 
ported four sides can correctly applied reinforced 
slabs, only question providing for certain moments 
the slab. This theory shows that unless the slab square, nearly 
so, nothing gained such construction. 


expressed his opinion many questions regard concrete con- 
struction, but has adduced clean-cut statement fact tests, 
support his views, which will give them any weight whatever 
with the practical matter-of-fact builder. 
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The usual rules criticism place the burden proof the critic. 


Mr. Godfrey states that his personal opinions are error, should 


easy prove them so, and seems expect that the busy 
practical constructor will take sufficient interest them spend the 
time write treatise the subject order place him right the 
matter. 

The writer will confine his discussion only few points the 
many which disagrees with Mr. Godfrey. 

First, regarding stirrups: These may placed the beam 
little practical value. They were placed the majority 
the tests made the University Such stirrups differ 
widely value from those used Hennibique and other first-class 
constructors. 

Mr. Godfrey’s idea that the entire pull the main reinforcing 
rod should taken apparently the end. When one frequently 
sees slabs tested, which the steel breaks the center, with end 
anchorage whatever for the rods, the soundness Mr. Godfrey’s position 
may questioned. 

Again, concrete material which shows the best advantage 
monolith, and, such, the simple beam seems decidedly out 
date the experienced constructor. 

Mr. Godfrey appears consider that the hooping 
reinforcement columns little value. He, however, presents 
for consideration nothing but his opinion the matter, which appears 
based almost total lack familiarity with such con- 
struction. 

The writer few facts regarding work which has 
executed. Among such work have been columns number build- 
ings, with 18-in. core, and carrying more than 500 tons; also 
columns one building, which carry something like 1100 tons 
27-in. core. each case there about in. concrete outside the 
core for protective coating. The working stress the core, 
takes the load, approximately equal the ultimate strength the 
concrete cubes, say nothing the strength cylinders fifteen 
times their diameter height. These values have been used with 
entire confidence after testing full-sized columns designed with the 
proper proportions vertical steel and hooping, and are regarded 
the writer having least double the factor safety used ordinary 
designs structural steel. 

advantage which the designer concrete has over his fellow- 
engineer the structural steel line, lies the fact that, with given 
type reinforcement, his members are similar form, and when the 
work executed with ordinary care, there less doubt the dis- 
tribution stress through concrete column, than there with the 


ordinary structural steel column, since the core solid and the condi- 
tions are similar all cases. 
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Tests five columns are submitted herewith. The columns varied 

little size, but somewhat the amount hooping, with slight 
differences the vertical steel. The difference between Columns and 

nearly 50%, due principally the increase hooping, and 

small addition the amount vertical steel. the efficiency 
hooping and vertical reinforcement, the question may asked Mr. 
Godfrey, who share his views, whether column without 
reinforcement can cast, which will equal the strength those, 

the tests which are submitted. 


Test No. 1.* 

Marks column—none. 

Reinforcement—eight round bars vertically. 

Band in. vertically. 

Hooped with seven 32-in. wire spirals about 2-in. raise. 

Outside diameter in. 

Remarks.—Point failure was about in. from the top. Little 
failure until ultimate load was reached. 

Some slight breaking off concrete near the top cap, due possibly 
the cap not being well seated the column itself. 


Test No. 
Marks column—Box 
Reinforcement—eight round bars vertically. 
Band spacing about in. vertically. 
Wire spiral about 3-in. pitch. 
Point failure about in: from top. 
Top cast-iron cap cracked four corners. 
Ultimate load—1 260 000 Ib. 
Remarks.—Both caps apparently well seated, was the case with 
all the subsequent tests. 
Test No. 
Marks 
Reinforcement—eight round bars vertically. 
in. in. in. outside diameter. 
Band in. vertically. 
Ultimate load—900 000 Ib. 
Point failure about ft. from top. 
Remarks.—Concrete, failure, considerably disintegrated, prob- 
ably due continuance movement machine after failure. 


Test No. 
Marks column—Box 
Reinforcement—eight 1-in. round bars vertically. 
Hoops spaced in. vertically. 
Wire spirals other columns. 
Total load 260 000 
Remarks.—First indications failure were nearest the bottom 


end the column, but the total failure was, all other columns, 
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within ft. the top. cracks the shell the column 
extended from both ends very near the middle. This was the most 
satisfactory showing all the columns, the failure was extended 
over nearly the full length the column. 


Test No. 
Marks column—none. 
Reinforcement—eight bars vertically. 
Hoops spaced in. vertically. 
Outside diameter in. 
Wire spiral before. 
Ultimate load—1 Ib. 
Remarks.—The main point failure this, all other columns, 


was within ft. the top, although this column showed some scaling 
off the lower end. 


these tests will noted that the outside the 
hooped area seems have had very little value determining the 
ultimate strength; that, figuring the compression the core area and 
deducting the probable value the vertical steel, these columns 
exhibited from 5000 7000 per sq. in. the ultimate strength 


the hooped area, not considering the vertical steel. Some them 
run over 000 


The concrete mixture was part Alpena Portland cement, part 


sand, parts buckwheat gravel and parts gravel ranging from 
The columns were cast the early part December, and tested 


April. The conditions under which they hardened par- 
ticularly favorable, owing the season the year. 


The bands used were in., except the light column, where 
they were in. 

his remarks regarding the tests Minneapolis, Minn., Mr. 
Godfrey has failed note that these tests, faulty they undoubtedly 
were, both the execution the work, and the placing the rein- 
forcement, well the character the hooping used, were sufti- 
cient satisfy the Department Buildings that rational design took 
into consideration the hooping and the amount vertical 
steel, and basis not far from that which the writer considers 
reasonable practice. 

Again, Mr. Godfrey seems misunderstand the influence 
Poisson’s ratio multiple-way Mr. Godfrey’s ideas 
are correct, will found that slab supported two sides, and 
reinforced with rods running directly from support support, 
stronger than similar slab reinforced with similar rods crossing 
diagonally pairs. Tests these two kinds slabs show that those 
with the diagonal develop much greater strength than 
those reinforced directly from support support. Records small 
test slabs this kind will found the library the Society. 

Mr. Godfrey makes the good point that the accuracy elastic 
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must determined the elastic deportment the construc- 
tion under load, and seems the writer that authors textbooks 
would pay some attention this question and show calculation that 
the elastic deportment slabs keeping with their method figur- 
ing, the gross errors the theoretical treatment slabs the 
majority works reinforced concrete would remedied. 

Although makes the excellent point noted, Mr. Godfrey very 
fails this connection with his theory slabs, 
otherwise would have perceived the absurdity any method 
multiple-way reinforcement endeavoring separate 
the construction into elementary beam strips. This old-fashioned 
method was discarded the practical constructor many years ago, 
because was forced guarantee deflections actual construction 
under severe tests. Almost every building department contains some 
regulation limiting the deflection concrete floors under test, and 
yet commissioner buildings seems know anything about 
lating deflections. 

the course his practice the writer has been required give 
surety bonds from $50 000 $100 000 time, guarantee under 
test both the strength and the deflection large slabs reinforced 
multiple directions, and has been able with accuracy 
methods which are equivalent considering Poisson’s ratio, and which 
are given his book concrete steel construction. 

Until the engineer pays more attention checking his complicated 
theories with facts determined tests actual construction, the 
view, now quite general among the workers reinforced concrete 
regarding him will continue grow stronger, and their respect for 
him less, until such time demonstrates the 
applicability his theories ordinary every-day problems. 


Mr. 
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will reproduced the volumes Transactions. 


the Secretary prior the final publication. 


ROBERT ENGLE, Soe. E.* 
Diep 1909. 


Robert Engle was born December 5th, 1846. was 
product the time when opportunities for technical training were 
few, that his engineering education was gained largely contact 
with actual work. began his professional career after the Civil 
War, which served for two years the One Hundred and 
Forty-eighth Indiana Volunteer Infantry. 

The first construction work any note which Mr. Engle was 
engaged was the building the Ohio and Mississippi Railroad, now 
part the Baltimore and Ohio System, extending from Cincinnati 
St. Louis. Later, and 1878, was connected with the construc- 
tion the Cincinnati Southern Railway, municipally 
owned railway, Division Engineer, Ray Springs, Tenn. This 
work included several tunnels and other heavy work the mountain 
territory. 

After the completion the Cincinnati Southern, Mr. Engle went 
West, and was engaged the construction the Santa Railroad 
Trinidad, Colo., the capacity Assistant Chief Engineer. Under 
his direction the Royal Gorge Hanging Bridge was built, and much 
other interesting work was carried out. Mr. Engle’s forte was location, 
and the mountainous regions the West found ample exercise 
for this faculty. From Trinidad moved Santa Fé, Mex. His 
name borne Engle, Mex., now thriving Western town. 

While still the West, Mr. Engle was connected with the Mexican 
Central Railroad, Chihuahua, Mexico, construction work, and 
with the Denver and Rio Grande Railroad. thus seen that 
played part much the important pioneer railroad development 
the mountain region the West. 

1885, Mr. Engle began work the location and construction 
the Chicago, Burlington, and Northern Railroad, now part the 
Burlington System, being located St. Paul, Minn., Assistant 
Chief Engineer that portion the line north Crosse, Wis. 
Later, his jurisdiction included the whole line. During 1887 and 
part 1888, had charge the construction the Illinois Valley 
and Northern Railroad, Chief Engineer, Salle, the 
latter part 1888 conducted surveys for coal branch lines 
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ing with the Chesapeake and Ohio Railway, the mountains West 
Virginia. 

Beginning September, 1889, Mr. Engle was Resident Engineer 
the construction the Louisville and Jeffersonville Bridge over the 
Ohio River. During his term service the substructure, involving 
several deep pneumatic foundations, was built, and parts the 
approaches were erected. During his stay Louisville Mr. Engle was 
selected Arbitrator matter disputed classification between 
the company and the contractor for the Pike’s Peak Rack Railroad, 
and effected satisfactory settlement. Among other things his later 
service included location work the Tennessee Central Railroad, 
1892; location and construction work for the Missouri, Kansas and 
Texas Railroad, Arkansas; and construction work the Tidewater 
Railroad, now the Virginian Railway, Princeton, Va. the 
time his death was employed Engineer for the contracting 
firm Carpenter and Boxley, Johnson City, Tenn. 

With the death Robert Engle, the Profession loses one those 
sturdy, self-made engineers, whom the country largely indebted for 
pushing railroad construction overland and through the West. 
character, rugged like the mountains with which was associated, 
was still the gentlest souls those associated with him sub- 
ordinate capacities. The writer knew him Chief and friend for 
many years, and cannot recall any departures from the lines the 
highest dignity, rectitude, good habits, and good nature. 

Mr. Engle was Member the Engineers’ Club Cincinnati from 
the time its organization. maintained his home Cincinnati 
for twenty-one years, while his engagements kept him various 
other places. 

February 20th, 1879, Mr. Engle married Miss Sallie McQueety, 
and survived her and their son and two daughters. 
His family and social relations were most happy, although his enforced 
absences from home kept him from much the social contact which 
his qualities deserved. 

Mr. Engle was elected Member the American Society Civil 
September 7th, 1881. 


CHARLES HERBERT DEANS, Assoc. Am. 
1909. 


Charles Herbert Deans was born Chester, Delaware County, Pa., 
November 30th, 1863, and died his home Pa., 
March 1909. 


His father, Charles Woodbury Deans, was prominent educational 
Memoir prepared Emil Diebitsch and Edwin Jarrett, Members, Am. Soc. 
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work, and was active the early organization and the populariza- 
tion the Common School System the State Pennsylvania. 

his father’s side Mr. Deans was descended from the Deans and 
Sterling families, who, immediately following the War the Revolu- 
tion, emigrated from Connecticut Susquehanna and Wyoming 
Counties, Pennsylvania. His mother was Priscilla Lyons Williams, 
Chester, Delaware County, Pa., who was descended from the Lyons 
family New Jersey and the Williams and Pennell families 
Pennsylvania. 

From both his father and his mother Mr. Deans inherited taste 
and aptitude for study. His youthful environment was among books 
and atmosphere which naturally encouraged the desire early 
formed fit himself for professional life. 

His education was begun private schools, but later attended 
the public schools, and was graduated from the High School 
Pheenixville, Pa., 1881. spent the next four years practical 
work, learning business methods, becoming excellent and accurate 
accountant, and familiarizing himself, the works the 
Company, with mill and shop methods and practice, and the 
metallurgy iron and steel. 

1885, Mr. Deans entered Lehigh University, well prepared 
his studies, with mind ripe for the absorption further knowledge, 
and temperament for enjoying the utmost the four years 
University life before him. was good student, standing well 
the first quarter his class. was elected member Theta 
Delta Chi Fraternity, was one the Editors and Assistant Business 
Manager the college Annual his Junior year, and Business Mana- 
ger the Engineering Journal his Senior year. was graduated 
1889 with the degree 

boy Mr. Deans was fond games and all healthy outdoor 
sports. was lover Nature and animals, fond fishing 
and hunting, and was never happier than when roaming the beautiful 
woods and mountains his native State. With such tastes was 
natural find him, his college days, participator in, and 
enthusiastic supporter of, athletic games. 

Not only athletics, but all things pertaining Lehigh Uni- 
versity, Mr. Deans was most loyal and enthusiastic son his Alma 
Mater, both college and after had gone out into the world. 
thoroughly appreciated the benefits derived from his technical 
training, and was eager that others should share them, that early 
his business career advanced sufficient funds two ambitious 
young men carry them through Lehigh. 

Immediately after graduation Mr. Deans entered the employ 
Sooysmith and Company, the well-known foundation engineers and 
contractors. rapidly advanced positions responsibility with 
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this company, and, 1895, became its Vice-President and Chief 
Executive Officer. When, year two later, Charles 
Am. Soe. E., retired from active business, Mr. Deans organized, 
from the Sooysmith and Company staff, the Engineering Contract 
Company, which became President. Pressure business seri- 
ously undermining his health, was forced give temporarily all 
work 1900, and spend the next two years the mountains 
Northern Pennsylvania. regaining his health, associated him- 
self with the firm John Monks and Son New York City, and, 
the time his death, was Second Vice-President that company. 

While under his executive charge, both Sooysmith and Company 
and the Engineering Contract Company, constructed number the 
most important bridge foundations the United States, and the 
former firm first successfully introduced pneumatic work the founda- 
tions the modern high office buildings New York City, notably 
the Manhattan Life, Washington Life, Standard Oil, and Empire 
Buildings Lower Broadway. the time his death, Mr. Deans 
was full charge the building the piers the reconstructed 
Baltimore and Ohio bridge over the Susquehanna River, Havre 
Grace. Md. 

the early years his connection with Sooysmith and Company, 
Mr. Deans was employed work the field, rising from subordinate 
positions that Superintendent responsible charge work. 
During this period intimate and practical knowledge 
construction, subsequent career gave evidence 
the value this training. Being thus well-equipped, Mr. Deans soon 
became notable business engineer. His judgment all substruc- 
ture engineering problems was quick and keen, his thorough technical 
knowledge being supplemented his penetrating practical sense. His 
business ability was high order, and his efficiency was largely 
his industry and methodical habits. negotiator, 
was the first rank. His quick appreciation the essentials 
business transactions, his fertile resource the most complicated 
financial dealings, his patience and persistence the face dis- 
couragement delay, and his inflexible determination when once his 
decisions were reached, were qualities which placed him the highest 
rank contracting engineer. those with whom came close 
contact, Mr. Deans will always remembered exemplifying the 
ideal combination technical training with business efficiency. 

lightened the seriousness his business transactions with 
quick sense fun, fondness for good story, and infectious 
good humor. His genuine interest the work his associates and 
his unfeigned delight their success won him many friendships which 
lasted throughout his life and which now keep his memory warm the 
hearts those who were fortunate enough know him intimately. 
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Strong will, keen and clear-sighted business transactions, loyal 
his friends and the interests entrusted him, was, above all, 
genial, honorable, many-sided man, who loved his fellow men. 

Mr. Deans leaves mother, Mrs. Charles Deans, 
Pa., brother, John Sterling Deans, Am. E., Chief Engi- 
neer the Bridge Company, and two sisters, Mrs. Barclay 
Calley, Seattle, Wash., and Mrs. Elmer Keiser, Tacony, Pa. 

1893, Mr. Deans married Miss Helen Arnold West Chester, 
Pa., who, with two sons, Charles Woodbury, aged 15, and Malcolm 
Arnold, aged 13, survives him. 

Mr. Deans was elected Junior the American Society Civil 

December 3d, 1890, and Associate Member 
May 6th, 1896. 


WILLIAM MEIER, Am. E.* 


DIED FEBRUARY 14TH, 1910. 


William Meier, the son the Reverend Jacob and Mary Meier, 
was born Iowa, April 10th, 1878, the family moving 
Chicago, the same year. 

Mr. Meier received his education the schools Chicago 
and the University Illinois, from which was graduated 
1901, with the degree Civil Engineering. 

After his graduation, Mr. Meier was engaged with various 
bridge and structural work. For time was with 
William Hughes, Am. Soe. E., and January, 1905. entered 
the service the Scherzer Rolling Lift Bridge Company, Assistant 
the Chicago office; and later was appointed Assistant Engineer and 
Representative, with headquarters New York City. the 
time his death, Mr. Meier was employed the Bridge Department 
the and North Western Railway. 

February 14th, 1910, diving from spring-board, the 
natatorium the Young Men’s Christian Association, struck 
his head against the side bottom the tank. When his body was 
taken from the water, life was extinct, and all efforts resuscitation 
were futile. 

Mr. Meier took great interest all that pertained his profession. 

was elected Associate Member the American Society 
Civil Engineers, June ist, 1909. was also Member the 
Western Society Engineers. 


Memoir prepared William Theodorsen and James Fucik, Associate Members, 
Am, Soe. C. E. 
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REINFORCED CONCRETE PIER 


private yacht pier, built near Glen Cove, Long Island, has 
brought out few points which may interest. example 
small engineering structure, which, though great moment 
itself, illustrates the adoption means end that may 
capable very great extension. 

The problem, submitted the writer, was construct yacht 
landing East Island, the exposed south shore Long Island 
Sound, connection with the construction that point 
elaborate country residence. The slope the beach this point 


very gradual, and was specified that there should depth 


least ft. water low tide. Soundings indicated that this necessi- 


tated pier 300 ft. long. was further specified that the pier should 
some extent keeping with the the place being created 
there, and that wooden pile structure would not acceptable. 
Besides these esthetic conditions, wooden piles were rejected because 
the teredo, this part the Sound, very active. the same 
time, the owner did not care incur the expense masonry pier 
the size involved. Also, was desired unload the pier all 
material for the house and grounds during construction, and coal and 
other supplies thereafter, thus necessitating pier wide enough 


allow for cart and horse and provide room for turning 
the pier head. 


*This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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Comparative designs and estimates were prepared for (a) pier 
ordinary construction, but with piles; (b) concrete pier 
piles; and (c) for series concrete piers with wooden 
connections. The latter plan was very much the best appear- 
and the caleulated cost was less than that the pier concrete 
piles, and only slightly more than that creosoted piles, the latter 
only temporary nature any case, has been found that 
the protection afforded creosote against the teredo not permanent. 

this point the Sound the mean range the tide about 
ft., and was determined that least ft. above mean high water 
would required make the underside the dock safe from wave 
action. There northeast exposure, with long reach across the 
Sound, and the seas times become quite heavy. These considera- 
tions, together with ft. water low tide and from ft. 
toe-hold the beach, required the outer caissons least 
ft. high. 

construct such piers the ordinary manner behind coffer-dams, 
and such exposed was involve expenditure far beyond 
that which the owner cared incur. The attention had shortly 
before been called the successful use concrete caissons 
the Great Lakes for breakwater construction, Major 
Judson, Am. Soe. E., and under patents held that officer. 
seemed that here was solution the problem. These caissons are 
constructed the shore, preferably immediately adjoining the work. 
After thorough inspection and seasoning, they are usually. launched 
manner somewhat similar boat, are towed into position, sunk 
place, and then ‘filled with rip-rap. 

this case what was needed was structure that could con- 
structed safely and cheaply the air, could then allowed harden 
thoroughly, and could finally placed position. The 
weights supported were not great, the beach was good gravel and 
sand, fairly level, and, under favorable good weather, 
the placing the promised simple matter. Therefore, 
detailed plans were prepared for this structure. 

effort was made preserve some élement the yachting idea 
the design, and bow-string trusses, being merely enlarged gang 
planks, were used connect the caissons. 


The pier was originally laid out letter “L,” with main leg 
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300 ft. and short leg ft. The pier head consisted eight 
caissons close contact, and was intended form breakwater, 
the angle which, and protected from the wave action, was 
moored the float and boat landing. After the first bids were received, 
the owner wished reduce the cost, and every other caisson the 
pier head was omitted, that, built, the pier contains eight caissons 
and five 53-ft. trusses. The caissons supporting the trusses are ft. 
wide and ft. long, and those the pier head are ft. 
account the shoal water and the great height the outer caissons 
comparison with their cross-section, seemed advisable mould 
them two sections. The reinforcement the side walls consisted 
round rods horizontally, and 3-in. rods spaced shown 
Fig. together with cross-diaphragms indicated. 


The were reinforced for exterior pressures, which were 
expected during the launching and towing into position, and also 
for interior pressures, which were expected low tide, when the 
water pressure would nothing, but the filling the caissons would 
effective. The corners were reinforced and enlarged. order 
secure proper bedding into the sand foundation, lip was 
allowed project all around the below the bottom. the 
bottom there was cast 3-in. hole, and this was closed plug while 
the lower section was being towed into place. 

The question the effect sea water the concrete was given 
much thought. The writer unable find any authoritative opinions 
this subject which are not directly controverted equally authori- 
tative opinions diametrically opposite nature. thinks 
question that this Society might well undertake investigate promptly 
and thoroughly. There can question that there are many dis- 
tressing instances failures due the action sea water and frost 


and that many able and experienced engineers charge 
the engineering departments the great transportation companies 
have simply crossed concrete off their list available materials when 
comes marine construction. subject too large itself 
subsidiary minor structure like the one herein 
and though many have rejected concrete under these 


tions, other engineers equally conservative are using freely and 
without fear. 
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The writer consulted with his partner and others some length, 
and considering all the advantages accrue the use these con- 
crete caissons, decided after taking all known precautions. 


To be leveled after Caisson is eee 


above M.H.W. 


High 


Side Wall Reinforcement: 

Rods placed horizontally 

13/ from Surface and spaced 

as indicated. 

Rods placed vertically 
spaced 18"c. to c, 


Bottom and Walls reinforced 
both Sides 
ELEVATION NOTE:- 
SECTION 


the height of which should not exceed 10 ft, 
. The Reinforcement of Bottom Walls and 
Diaphragms will be same as indicated on the 
Detail 12’x 


The height will vary as shown on general 
Elevation. 


24'Diaphragm 
in each Section 


PLAN 
SECTION B-B 


12-FT. 12-FT. CAISSON 


These precautions consisted in: 


First, the use cement which the chemical constituents were 
limited follows: 

was specified that the cement should not contain more than 1.75% 
anhydrous sulphuric acid (SO,) nor more than magnesia 
(MgO); also that addition greater than should have been made 
the ingredients making the cement subsequent calcination. 
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Secondly, secure careful inspection the most completely 
homogeneous mixture possible, with especial care the density 
the outer skin the caissons. 

Thirdly, prolonged seasoning process before the new concrete 
should immersed the sea water. 

addition these well-known precautions, was decided try 
the addition the cement chemical element that should make 
with the free lime the cement more stable and indissoluble chemi- 
cal combination than offered the ordinary form Portland 
cement. This was furnished the patent compound known 
“Toxement,” which claimed the inventor resinate 
and silicate alumina, which generates resinate lime and 
silicate alumina crystalline form. further claimed that 
each these materials insoluble sodium chloride and sodium 
sulphate, solution. was used all the caissons, excepting 
cement. The first two caissons were not thus treated, and will held 
under close observation and comparison with the others, which were 
treated with this compound. 

The mixture used was one cement (Pennsylvania brand), two 
sand, and four gravel. The sand and gravel were from the nearby 
Cow Bay supply, and screened and washed. None the gravel was 
larger than in., grading down from that very coarse sand. The 
sand was also run-of-bank, and very well graded. 

The caissons, after being placed, were filled with sand and gravel 
from the adjoining beach about mean high-water mark, and 
the edges outside all around were protected from tidal and wave 
scour rip-rap “one man” stone. 

The trusses were constructed radius ft., with 8-in. 
chords, 6-in. posts, and 1-in. rods. The loading was figured 
loaded coal cart plus 100 per ft. All lumber was clear yellow 
pine, except the floor, which was clear white oak. The pipe rail and 
all bolts below the roadway level, and thus subject frequent wettings 
salt water, were galvanized iron. The trusses were set ft. in. 
apart centers, giving clear opening ft. between the wheel 
guards under the hand-rails. The fender piles were creosoted. The 
float was ft. long and ft. wide. 

contract was let the Snare and Triest Company, and work 
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was commenced early August, 1909. The first caisson was poured 
early September, and the last about the beginning October. 

The caissons were all cast standing parallel skids about 
mean high water. was first intended construct small marine 
railroad and launch the caissons that manner, rolling them along 
the skids the head the marine railway. This plan was abandoned, 
however, and sending high tide powerful derrick scow, many 
the caissons were lifted bodily from their position and set down 
the water, towed place and sunk position, while the others, 
mostly the upper sections, were lifted the deck the scow and 
placed directly from there their final position. There was not much 
difficulty getting them settle down proper bearing. Provision 
had been made for jetting, necessary, but was not used. 
setting Caisson No. nest boulders was encountered, and diver 
was employed clear away and level the foundation. The spacing 
was accomplished float consisting two 12-in. timbers, 
latticed apart, and just sufficient length cover the clear distance 
between the caissons. The first caissons being properly set inshore, 
the float was sent out, guyed back the shore, and brought against 
the outer edge the set caisson. The next caisson was then towed 
out, set against the floating spacer, and sunk position. There was 
some little trouble plumbing the caissons, but, excavating with 
orange-peel bucket close the high side and depositing the 
material against the low side, they were all readily brought 
sufficiently vertical and level position unnoticed sighting 
along the edge from the shore. 

The trusses were all constructed the contractor’s yard Bridge- 
port, and were towed across the Sound scow. They were set 
and braced temporarily the derrick boat, and then the floor and deck 
were constructed place. 

December 26th, 1909, storm unusual violence—unequaled 
fact for many years—swept over the Sound from the northeast; the 
waves beat over the pier and broke loose some floor planks which had 
been only tacked position, but otherwise did damage, and did 
not shift the caissons the least. The same storm partly destroyed 
pier substantial construction less than mile from the one 
question. 

Unfortunately, the work was let late the summer, and the 
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restrictions seasoning the concrete were enforced strictly, that 
the work setting the caissons could not commenced until 
November 11th, thus the entire construction was forced into the very 
bad weather the late fall and early winter. this involved very 
rough water and much snow and wind, the work was greatly delayed, 
and was not completed until the middle January. The cost the 
entire dock was about $14 000. 

The writer believes that the cost was much less than for masonry 
piers any other method construction, under the existing cir- 
cumstances wind, tide, and exposure. 

would seem that for many highway bridges short span, cause- 
ways, and similar structures, the use similar caissons would prove 
economical and permanent, and that they might used very largely 
the exclusion cribwork, which, after decade so, becomes 
source constant maintenance charges, besides never presenting 
attractive appearance. Finally, bridges requiring the most rigid 
foundations, these caissons might readily used substitutes for 
open wooden caissons, sunk prepared foundation whatever 
nature, and still capable incorporation into the finished structure. 
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REMEDIES FOR LANDSLIDES AND SLIPS THE 
KANAWHA AND MICHIGAN RAILWAY. 


SEPTEMBER 7TH, 1910. 


reach the Kanawha Valley Coal Fields West Virginia, the 
southern portion the Kanawha and Michigan Railway, for miles 
(from Point Pleasant Gauley Bridge, Va.), located the 
east side the Great Kanawha River. For about one-third this 
distance the road close the banks the river, hillside loca- 
tion, where there practically valley, the mountains rising directly 
from the stream. 

Owing the character the soil, there considerable trouble, due 
landslides the term slips being used where the fill, 
embankment under the tracks, settles slips toward the river. 

Excessive rains occur during the winter, and small landslides are 
numerous, but little damage; most cases the water rushing from 
the mountains brings with one trees and few yards 
earth. There much more trouble with the larger landslides, that 
is, where the whole hillside gradually slips down toward the river, push- 
ing the track ahead it, and giving bad line and surface. some 
places the track not only pushed out line but raised. 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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Landslides occur almost every case where the hill mountain 
side has been cleared all forest. The top soil, earth above the 
rock, which varies depth from ft., mucky clay, which holds 
water every low place, apparently being impervious. This clay soil 
soon becomes saturated, soft, and mucky, and, not having any roots 
vegetation hold place, and being slope, starts down- 
ward movement, slipping the rock, covering the ditches and ballast 
the track, and pushing out line. These so-called landslides 
not come down once, but move slowly, thereby causing immediate 
danger. several places reverse curves have given the align- 
ment, order keep the track surface. 

Point Pleasant, where there was small landslide, the earth, 
came in, was removed steam shovel the toe the slope. 
The soil this point was slipping inclined stratum rock, the 
top which was smooth and had the appearance soapstone. 

cases where was impracticable remove the slide, the top-soil 
drainage system the hillside above was first tried, but did not 
work successfully, the ditches, due the slippery soil, soon filled 
up. appeared that the small amount surface water collecting 
the low places caused the roughened surface was sufficient cause 
the slipping. 

Leon, where considerable expense was incurred maintaining 
the track around slide, the hillside was removed, and the track, for 
2000 ft., was relocated the rock bottom, obtained cutting back 
side-hill location. this method the entire landslide was 
removed and the track put rock bed, thereby doing away with the 
trouble, cost $20 000. 

Cannelton, where the largest slow-moving landslide occurred, 
the main track had been pushed out line. curves were 
made, order get back the alignment either side, but, 
account the continual lining out the track, the curves became too 
sharp for operation, and the side track between the hillside and the 
main track became completely covered. this slide was such 
extent and depth, Fig. was out the question remove 
order get back far enough for rock sub-grade, Leon. The 
change line not being feasible, was proposed remove part 
the landslide, permitting the relocation the tracks their original 


alignment and, after completing this, protect them from further 
slides. 
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steam shovel was cut one end, and removed enough the 
landslide allow the two tracks changed their original loca- 
tion. After the shovel had worked about three days slide occurred 
one night, half burying the shovel. Steps were then taken hold back 
the hillside before further slides could develop. This was done suc- 
cessfully driving two parallel rows piling, ft. apart, about ft. 
from center center, shown Fig. upper rows, against 
the hill, were backed with plank, the front rows being driven 
against this brace order aid supporting the upper row. 
10-in. stringer was placed against the upper row, and from this 
8-in. braces were carried diagonally, angle 45°, the 
lower row piles, and these were sawed off the ground level. Steel 


PILE BRACE AGAINST LANDSLIDE. 


KANAWHA AND MICHIGAN RAILWAY, 
CANNELTON, 
% 10 x 10 W.O.Stringer 
Side Track Main Track 


Drain 


bands, with 1-in. rods hold the two sets piling together, were put 
about in. below the top the brace pile. The depth penetra- 
tion the piling varied from ft. The piling was selected 
large white oak, and oak timber was used for the stringers and braces. 
Moving the shovel ahead about ft., then cutting back, and driving 
the piling shown, constituted day’s operation. The work was com- 
pleted successfully without further serious landslides. four weeks 
‘about cu. yd. earth were removed, the track was thrown back 
its original alignment, and the landslide was stopped. This work 
cost $16 000. 

The upper limit the about 135 ft. above the track. The 
slide consists about 200000 cu. yd. moving earth. This work 
was done the spring 1907, and has been successful. several 
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places, due excessive pressure, the braces have been embedded 
the stringers. The earth from the top the piling was given slope 
several other points smaller slides have been stopped 
with one row piling. The piles were driven ft. apart, center 
center, and cut off ft. above the top the rail, the ground above 
being given slope one two places, where one row 
was not sufficient, the trouble was stopped with brace piling. points 
where the single row piling showed signs leaning, due the 
pressure against that part the piling above ground, this over- 
turning, apparently due too much length above ground, was stopped 
cutting off the piling ft. above the ground and giving the earth 

contending with landslides this character West Virginia, 
all that seems necessary obtain good toe hold, which stops 
the movement the earth above. The so-called slow-moving land- 
slides the Kanawha and Michigan Railroad have been stopped 
successfully one these methods. 

Slips—tThe term, “slips,” the conventional name indicates, 
applied places where the soil slides into the river. These slips occur 
when the roadbed constructed fill, ranging depth from 
ft., across narrow flats, between the hill and the river. Due 
the constant movement the earth, trees grow the land 
between the river and the railroad. The ground slips gradually into 
the river where, from time time, its toe cut away the current. 

The peculiarity these slips the fact that they may continue for 
one more seasons without giving any trouble. Slips are due high 
water and not surface water. quick rise and fall-of the river 
will not cause the soil move, but continued high water, several 
successive floods, will start the slipping action. 

the spring 1908, the length track the slips was 
7600 ft., necessitating, several different points, the maintenance 
speeds ranging from miles per hour for five months, until 
the dry season, when this slipping action stopped. Plate CII 
shown cross-section the Brighton slip, which gave the greatest 
trouble. The section taken right angles the track, the informa- 
tion for which was obtained levels and test rods driven rock. 
stratum rock, below the earth, slopes toward the river, ranging from 
1:0.2 1:1. This rock covered successive layers red clay, 
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varying from ft. thickness. Immediately above the rock, and 
thin seams, from in. thick, between the layers clay, 
found quicksand mixed with fine clay. When the quicksand and 
fine clay become thoroughly saturated with water, the mixture affords 
smooth surface over which the top soil successive layers clay 
slide toward the river. After high water these seams quicksand can 
traced readily the water seepage. The quicksand very slimy, 
and contains grit. The water must remain over the ground long 
enough force its way back into this quicksand and saturate well 
before the slipping action can take place. 

1908, order keep the 
track safe, the gangs four sec- 
tions were increased from three— 
the normal ten men each, 
and these increased forces were 
maintained for four months. The 
tracks had resurfaced and 
lined continually. three 
ent times, was necessary put 
filling material and ballast 
order keep the track grade. 
This entailed cost more 
than the normal expenses for the 
year. The track over the slips was 
not only costly maintain, but 
dangerous, due wrecks resulting 

AND STRAPS 
rapid settlement the roadbed. 

where trestle was maintained over slip for about 
800 ft., due the heavy cost changing the alignment, the trestle- 
work was filled with heavy quarried rip-rap, and the fill was widened 
that the stone reached the river’s edge. The weight this stone 
fill caused settlement, but, after adding stone from time time for 
five years, the roadbed became solid. thought that the stone fill 
settled the rock stratum below the slip, thereby stopping the 
movement. 


SKETCH SHOE FOR 
END PILING 


These Holes in all 
4 Straps for Bolts 


Straps to be welded 
together on bottom 


For slips other points where small fills were maintained, several 
remedies were suggested, one being construct, the river’s edge, 


2+ 


780 
770 
3 
q 
- 
- 
- 
a 


CROSS-SECTION BRIGHTON SLIP 


1+80 


SS 
2400 2420 2-440 


-14+80 ~—1+460 -14+40 -1+20 -1+00 -80 1400 «1420 1440 1460 


SHOWING PILING DRIVEN 

- ~ 


+90 » Pili 


GREAT KANAWHA 


760 
730 
700 
690 
= 


BRIGHTON SLIP 


80 1400 81420 1440 1460 
PLAN BRIGHTON SLIP 
SHOWING PILING DRIVEN 
PROTECT TRACK. 
COUNTY ROAD 


End 


Hardwood Piling with Shoe Spaced 


180’ 


9B +90 ” Piling 


| | 


= 
102’ 


PLATE 
PAPERS, AM. SOC. 
MAY, 
BLACK 
REMEDIES FOR LANDSLIDES AND SLIPS. 


CROSS-SECTION LANDSLIDE 


KANAWHA AND MICHIGAN RY. 
CANNELTON, VA, 


BRIGHTON SLIP 
PILING DRIVEN 


PROTECT TRACK, 
COUNTY ROAD 


+ 
i 
tes 


REMEDIES FOR LANDSLIDES AND SLIPS 883 


wall which would act toe hold back the moving soil. Owing 
the necessary height the wall, however, this was deemed too 
costly. Brighton and Leon slips, where the alignment could not 
changed, the remedy shown Plate CII was proposed, the scheme 
being drive two rows piling, one each side the track, with 
track-driver, the piling equipped with steel shoes (Fig. for 
penetrating the rock strata. was supposed that, with the toe hold 
the rock, and the pinning together the successive moving clay 
strata, this slipping action the vicinity the track would 
stopped. 

the spring 1909, test piling was driven for distance ft. 
the center the Brighton slip. Transit observations taken from 
base line, showed that the not move any appreciable dis- 
tance. The track held well within the limits the piling where, 
either side, had been necessary resurface continually. 

The test being successful, two rows piling were driven during 
December, 1909, either side the track the Brighton slip, and 
between its limits, for distance 740 ft. The piles were equipped 
with steel shoes and were driven ft. apart, center center, the 
down-hill side. Continuous 16-in. timber bracing was bolted 
the piling. The work was done with track-driver. 
temporary spur track was constructed one end the slip, thus 
dispensing with the services work train. The cost this work 
was follows: 


Hardwood piling, 075 ft. cents.......... 


120.00 


the present time, this remedy has been successful. 

another point, where the rock strata are not great depth, 
proposed down the hillside about ft. from the track, put 
down holes about every ft., and blast the smooth surface the rock. 
Thus, roughening the surface and destroying the stratification, the 
sliding the clay may stopped. 
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THE ULTIMATE LOAD PILE FOUNDATIONS: 
STATIC THEORY.* 


Introduction.—In one his discussions the ultimate bearing 
power pile foundations, the late Sherman Gould, Am. 
E., stated that the theories Goodrich had mathematically ex- 
hausted the subject, referring, course, dynamic analysis. 
interesting, therefore, note entire departure from the usual 
concrete pile purely static methods. 

perfected static analysis would appear have certain advantages 
over the older methods that will either eliminate altogether, 
relegate sphere minor importance, number elements the 
real significance which, even most precise dynamic theory, 
destined rather vague and indeterminate. One might cite, 
for example, the case where the pile bounds back slowly rises after 
driving, owing possibly resiliency sponginess the soil, 
perhaps buoyant effect the latter the pile. Such phenom- 
enon brooming the head likewise cited. When the engi- 
neer analyzes such perplexing problems compression the hammer 
the pile, questions impact, friction the guides, measurements 
velocity, and the like, the real import any one which will 


This paper will not presented any meeting, but written the 
subject are invited for publication with Transactions. 


Transactions, Am. Soc. E., Vol. LXV, 1909, Discussion paper, Concrete 
498, Mr. Thomas Desmond. 


a 

7 


Papers. THE ULTIMATE LOAD PILE FOUNDATIONS 885 


require involved analyses the accomplished physicist, may often 
constrained take the viewpoint such eminently practical engi- 
neers Haswell and Gould some these matters. fact, 
with any final working formula, measure such uncertain element 
the penetration and neglect altogether the earth factors (as tacitly 
done any the representative Sanders’ expressions) would seem 
seek sort negative magnification the effect, reading, were, 
through the wrong end the telescope, taking observations the 
short arm the lever. Goodrich remarks* that: 


“The liability error enormous with small penetrations that 
penetration should trusted much less than in., and formula 
can guaranteed within reasonable percentage error for less pene- 
trations.” 


shows that: “With total penetration large ins. (which 
seldom observed), variation in. would make this penetration 
liable error.” 

Such theory will further endeavor eliminate what Max- 
well has called the historical element. The analysis Desmond, for 
example, not concerned with the load status minute after driving, 
nor year after, but rather that indefinite period time when the 
condition the earth may said correspond with that minimum 
stored energy which exists tends exist Nature for stable 
equilibrium; or, this element enter the analysis explicitly, 
can only serve render the problem more determinate. The dynamic 
analysis best can only cover the situation the period immediately 
after 

Then there are formidable questions the number blows 
refusal, the effect the earth clinging the pile, and many items 
like moment. 

larger sense, however, the static treatment should viewed 
complementary the older method. perfected theory the pile 
will neither confined exclusively study the left-hand member 
the equation work, nor, the other case, the Pds the 
right-hand member, but, taking unitary conception the problem, 
will seek include all variables and determination their effect 
the status ultimate load. 


Transactions, Am. Soc. E., Vol. 205. 
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hoped that Desmond’s discussion may the nucleus 
for literature considering this larger view; further, that may 
stimulate engineers extend their experiments earth pressures, 
hitherto confined retaining walls, include examinations pile 
phenomena well, the pile being many respects sort inverted 
retaining wall its analytical features. 

The able engineers who have followed exclusively the paths 
pioneered Rankine and Moseley seem finally have reached the 
proverbial blind alley their attempts solve the pile problem purely 
dynamic proposition; but Rankine* himself, should con- 
sidered, least implicitly suggested the static method his attempt 
figure the drawing power screw-piles and the pressure founda- 
tions. Any advance, however, this field, seems have been re- 
stricted, least America, too close adherence his ellipse 
stress principle, rather subsidiary relation the paper mentioned, 
which, while may serve its purpose elementary problems the 
retaining wall, not efficient tool for general investigation 
the theory earth pressure. 

The writer will offer herein few criticisms the static method 
has been presented date, and will outline some views 
its development along rational and empirical lines. doing this, 
the paper will necessarily confined little more than examina- 
tion the premises the older authorities and attempted state- 
ment the problem. the scarcity experimental data 
directly bearing this subject, and inadequate literature, such 
investigation must largely priori its nature, paving the way 
for more rigorous analysis and suitable experimentation others. 

Existing Methods.—In the first and later editions his “Civil Engi- 
neering” (1895), Patton gives the following equations for the “total 
bearing power the pile”: 


where the weight cubic foot the material, 
cross-section the pile the bottom, 


Philosophical Transactions, Royal Society, 1857. 
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depth the pile the soil, 

area exterior surface the pile, 

coefficient friction earth the pile surface. 
sin. 
mal pressure, minimum and maximum, the surface the pile. 
When multiplied the proper coefficient friction wood 
earth, this resulting tangential stress, when summed over the whole 
peripheral surface the pile, gives, according the Patton theory, 
the frictional resistance the soil. The first terms the right-hand 


members each equation give the pressure the base. Patton 


The expression, the intensity lateral nor- 


“If proper values and equations above are deter- 
mined experiment, would seem that these would produce 


better and more reliable results than the more common 
would.” 


The solution given the earliest direct attempt solve the prob- 
lem (other than that given Rankine, before mentioned) that has 
come the writer’s attention. 

Very recently, Professor Vierendeel (University Louvain, Flan- 
ders) has treated the subject more detail, together with the dyna- 
mic method, comprehensive work* which gives the formula: 


sin. 

which deduces the principle work, where the ultimate 
load, the mean diameter the pile, the depth pene- 
tration, the unit weight, and the natural talus. 

will seen little study that the foregoing methods are 
practically agreement with the aforementioned treatment Des- 
mond, that each makes use the ordinary Rankine relation, 
multiplies friction factor, and integrates the stress one form 
another over the entire surface contact with the soil. 

Viewed empirical expedient, such equations should com- 
mend themselves engineers for practical use fixing load limits. 
this capacity, they will doubtless excel the ordinary Sanders’ 
energy formulas, constants are properly evaluated from test load- 
ings, suggested Patton. 


Cours des Constructions (Tome VI, 1907). 
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true empirical basis for the study the pile problem may 
established actual laboratory tests more easily than the case 
the retaining wall; for loads incipient motion are measured 
model pile which passes reservoir sand, 
having hole the base for egress the,pile, actual values the 
total peripheral friction may obtained and studied with respect 
its variation for variety perimeters. Combined effects basal 
and lateral stress could obtained, course, independent ex- 
periments. important, however, that the base and lateral effects 
should differentiated they are studied and analyzed. 

If, however, the methods given these authors are construed 
rational propositions, then, their present form, they appear 
open serious because, making use Rankine’s 
expression for the intensity stress, they violate his principle 
conjugate stresses, which this particular case makes the expression 
sin. 


principal stress, that is, one purely 


normal the surface the pile and having its maximum value. 
Consequently, the notion advanced these writers multiplying 
this principal stress friction factor incompatible with the 
well-known principles mechanics stress. 

Empirically, however, there much justification for the use 
such types formulas there for any the present-day column 
formulas some the beam applications. The forms the ex- 
pressions are correct enough, far Rankine’s intensity lateral 
pressure concerned, but, course, the angle, must considered 
arbitrary parameter determined for certain soils, and not 
the angle repose internal friction. Just what the deviation 
this parameter from the angle internal friction will must 
determined such experiments have been suggested 
actual tests the field for ultimate loading. 

general criticism, course, that the problem its final 
analysis will not lend itself any such elementary forms Ran- 
kine solution may expected give. Any theory must experience 
that evolution characteristic not alone the dynamic analysis the 
pile and the retaining wall, but all the classical problems engi- 
neering. such evolution the Rankine theory rightfully assumes 
its place primitive, true enough under its own premises, but 


fil 
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which the premises are not general enough include the whole range 
phenomena either the pile the retaining wall. 

The Rankine view the fact that the Rankine 
theory has already taken its place the basis for static analysis 
the pile, important that rigorously stated. The follow- 
ing conceived exact solution, with assumptions except 
those contained Rankine’s premises. 

Consider pulley-shaped founda- 
tion, with data indicated Fig. 
which, the case treated 
Desmond, may concrete 
timber pile jetted driven 
place. Any form cross-section 
might taken, but, for simplicity, 

The dotted lines may con- 
sidered represent 
filaments passing out from the 
horizontal rims the free surface 
around the head the pile. The 
position these lines can only 
inferred from the treatises, say 
Ketchum’s Vierendeel’s, few 
any precise investigations have 
been made along this line. 

incipient motion the pile, 
being assumed -that its 
final depth, any increment the 
load will cause actual displace- 
ment the particles, and this will 


surface displacement the upheaval surface which has formed 
around the head the pile driving. This assumption neces- 
sary under the Rankine hypothesis incompressible particles, 
although has been the writer’s experience that the phenomenon 
often difficult observe such stage. The load this 
time considered the ultimate carrying capacity, the 
Rankine law. 
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The area small rim variable radius, and width, 
dr. 
Let the intensity pressure this rim element. 


for maximum, 


where the weight cubic unit earth, 
and the angle internal friction, assumed 
The total pressure the element wh. 


and tan. adh, 


where represents the distance from the surface the vertex 
the cone formed the surface the pile, the actual length 
the earth, and the angle slope the conical surface. The 
total pressure the rim element becomes 


order take account principle continuity, which 
this case will manifest itself the law pressure varying func- 
tion the depth, one may conceive that, the elementary rim pres- 
sure exceeds the amount above given, the pile will tend subside 
under this, that each rim will take its proportionate quota 
stress turn. The total buoyant effect the limit when the 


pulley-shaped foundation becomes conical-shaped pile. The value 
the integral becomes: 


and, substituting this the previous 


where the expression, represents the entire upward pressure 
the lateral surface the pile. this must added the basal 


pressure, giving, for the total load, which the pile can sustain 
according Rankine’s theory: 


in. 


sin. 
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the case the “butt end down,” the weight the variable 
column earth may similarly summed and added the load 
the pile, and this equated the bearing power the base. 

Such analysis assumes, course, that the earth conditions, 
absence cohesion, will warrant treatment the Rankine 
method. believed give all that can consistently demanded 
the hypothesis. 

Limitations the will seen that the above applica- 
tion quite limited its efficiency working method. Spe- 
cifically, neglects the friction the vertical projections the face. 
Indeed, the Rankine premises not take cognizance any foreign 
body, such the pile, but confine the problem indefinite extent 
the material. 

While assumes the existence displacement tubes, makes 
analytical provision their zone 
action, unless one may take any series 
vertical and horizontal lines defin- 
ing the field. 

The usual applications this theory 
assume constant coefficient friction, 
which, the light experiment, only 
approximately tenable; but, confining 
the problem its own more particular 
domain, the chief limitation the 
necessity the assumption Moseley’s law least resistance 
Rankine referred it, once either the element weakness 
strength his method, one may prefer call it. 

Consider ordinary wedge element the material, Fig. with 
vertical and horizontal faces and inclined face the normal which, 
inclined angle, with the horizontal. The area this 
may conveniently taken unity. 

Let the intensity the vertical stress considered this par- 
ticular case due column earth length feet below the 
surface the ground, the value which Y,. The corresponding 
intensities upon the and respectively, are and 
The stress, obliquity from the normal. com- 


pounding stresses, any the elementary methods, there results the 
general expression: 
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tan. 

evaluate X,, another condition required. Rankine sought 
supply this condition through the Moseley assumption, taking the 
obliquity, having its maximum value, impending motion 
the particles. seeking the maximum and minimum values 


tan. this basis, there results then, for the particular values 


where Rankine’s value may assumed hold: 


for positive values and similar manner when negative. 
For example, taking common value 30°, one receives 
and Y,, the ordinary case. For the above given 
values Rankine’s solution may considered hold, but for 
all other values the problem absolutely indeterminate. The com- 
mon practice engineers, applying this method general solu- 
tion problems earthwork, quite keeping with that practice 
which seeks the deportment column within the elastic limit from 
tests destruction. 

Neither will the common defense, the law being the safe 
side, hold all For instance, has already been pointed out 
Boussinesq* that, the case retaining wall when 
its ordinary position equilibrium, otherwise than the time 
incipient motion, predicated Rankine, although the particles 
are less forcibly retained, they nevertheless exert upon the structure 
greater thrust than that given Rankine. 

number practical phases this indeterminateness might 
cited, showing the shortcomings the method theoretical de- 
vice. This made apparent the packing balls. For example, 
rather low angle repose may expected for fine shot 
dropped from short height, but had one the patience arrange 
the shot particle particle pyramidal array, according the 
geometry packing spheres, much higher angle might obtained 


théorique sur des massifs pulvérulents, comparé celui massifs 
solides, sur poussée des terres sans cohésion,”’ (1876), 


of 
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for the slope the pyramid, and this would entirely independent 
the the balls, that is, whether rough frictionless. 
Further, taking the old problem the thousand 1-in. balls* packed 
array 10-in. cubical box, quite possible con- 
ceive angle repose 90° the sides the box could 
gently removed, although, course, such case, the equilibrium 
would very unstable. the latter cases, the Moseley assumption 
would quite justifiable. However, taking another extreme, say, 
the thrust barrels the walls warehouse, only the exigency 
occasional earthquake could render the application the 
method theoretically permissible. The law inoperative. 

such limitations have been cited that render the Rankine 
method rather doubtful utility for any general rational treatment, 
either the pile the retaining wall. European and other than 
American authorities have ceased treating the Rankine formula 
general solution for all problems involving the lateral pressure 
earth, and prefer give its more proper position defining 
one particular kind equilibrium. its own special field, 
solution approaching nearer the facts may doubtless secured 
the instance barrel thrust. 

Theoretical Position the order, then, give 
the Rankine theory applied the pile that definiteness position 
which attaches, say, that Euler’s formula the column theory, 
may defined the theory infinitely smooth shaft afloat 
medium deporting several respects sort generalized 
fluid, where the particles are subject negative normal stresses 
pressures and tangential friction stresses, but .where 
manent shearing resistance exists. such theory the vertical 
pressures may assumed follow the law. The hori- 
zontal pressures will also follow this law, but, owing friction, the 
effect such would occur with reduced specific weight, 

Rankine referred usually, the angle repose. The (+) signs 
are used the above for the case maximum loadings, 


Quoted Greenhill from Cosmos,” September, 1887, Hydrostatics,” 52. 
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which case the pressure exerted the pile so-called “active 
force,” the term used Rankine. The (+) signs are for 
minimum loads the pile, namely, the “buoyancy” the sur- 
rounding earth (viewing this now active force) greater 
than the load the pile, prescribed this theory, the pile will 
tend rise, and may actually so, especially the medium con- 
tains more less water. 

Accordingly, will seen that the laws pulverulent masses 
will agree well with the theory originally advanced Boussinesq,* 
and given later Greenhill,t and others, that they 
are intermediate their properties between fluids and solids. Fresh 
cement, its ordinary condition, will follow closely the hydrostatic 
law, but, under pressure, will take the properties elastic bodies. 
Even the Rankine equations, consistently interpreted, find analogies 
the theory stress and strain solids the one hand 
and agree with the hydrostatic law for the other. 

dynamics pulverulence quite possible formulate under 
such notion, and would probably find practical applications design- 
ing orifices for the discharge grain, ete. Under this caption such 
phenomena have been described Vierendeel§ occurring the 
and the like, forming under the bases models, would prob- 
ably find interpretation suppressed vortex eddy effects. 

Practical Utility the Rankine Formula.—While the Rankine theory 
little more than abstraction, and consistently and rationally 
applied single pile can only expected give fraction the 
real carrying power, its utility the practicing engineer may still 
exist the fact that multiple-pile system may tested Rankine’s 
equations about logically they may applied any ordinary 
foundation. such multiple pile the integrity the structure 
usually preserved suitable framing; but, this were not so, the 
material the cusp-like interstices between the piles can expected 
much more compressed, and consequently have considerably 


the Elasticity and Strength Vol. II, Pt. Article 
Boussinesq, Karl Pearson. 


Transactions, Am. E., Vol. XLII, 284. 

Transactions, Am. Soc. E., Vol. 181. 
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higher friction factor, than the less restrained material the periphery 

the composite structure, thus tending maintain this unity 

action. 

multiple pile great reliance placed the increased density 

the soil, due the driving, with the corresponding increase the 

friction coefficient. the condensation under the Rankine premises 

purely inelastic, approximate idea the increase density may 

found equation between the displacement the pile and the 

upheaval mass around the head. 

Nearly all writers, with the exception Vierendeel, discussing 

the bearing power foundations, follow Rankine ignoring the 

stresses the side walls, and confine their analysis solely the base. 

Accordingly, the common theory, designer multiple pile 

would neglect the peripheral friction the composite structure 

comparison with the presumably larger pressure the base. this 
case such procedure can viewed giving only crudely approxi- 
mate results. believed that the phenomenon dilatancy 
media composed rigid particles, studied Professor Osborne 
Reynolds,* may even warrant the belief that this lateral friction 
larger than supposed, especially water-bearing strata. The writer 
will revert this point later. 

The Elastic Theory—Nearly all the structural problems engi- 
neering find their ultimate analysis the elastic hypothesis. This 
true the arch, and large measure the retaining wall. Just 
the beam, account the labors St. Venant and his con- 
temporaries, owes its truly rational position such elastic studies, 
quite independent the empiricists, the column theory, with course 
few possible exceptions, may said have made consistent 
advances since the days Euler departing therefrom. 

While place such apparently crude and sordid problem the 
pile this field will undoubtedly seem inopportune, believed that, 
the end, such step will avoid great deal useless effort and 
incorrect thinking. thought important bring out few argu- 
ments pro and con the advisability such procedure. 

the first place, make the problem the lateral pressure. 
earth truly determinate, the idea strain involved. Its introduc- 


Philosophical Magazine (London, E.. and D.), Vol. XX, 1885, 469. the Dilata 
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tion into the analysis due Boussinesq. Take the case previously 
cited, the problem the balls packed the 10-in. box cubical 
array. The problem their lateral pressure against the walls owing 
their own weight becomes least theoretically determinate, pro- 
vided all the stress and strain constituents the material are known, 
and the elastic deportment the walls understood. Although such 
elastic solutions are many cases extremely difficult obtain, 
the other hand, they have the advantage high degree certainty 
result, and will tend obviate that endless modification common, 
say, column and pile formulas. 

contributing data toward such final and correct analysis, ideal 
problems, approximating part toward the actual conditions, may 
solved. example, may shown that: 


body, and elastic cylinder density which, freed from the 
action gravity, would exactly fit the hole, placed and stands 
upon the bottom, the sides the hole suffer the same 
hydrostatic pressure were filled with liquid density 

Slichter,* commenting along this line, remarks: 

“It important that should have before the solu- 
tion many problems possible, since the most likely method 
which shall able solve new problem reducing one 
the cases which similar problem has been constructed the 
inverse process. Indeed, one often content secure 
approximate solution given case searching among problems 


already solved for one whose equipotential lines surfaces have 


form somewhat resembling the given boundary, and then modify 
the problem tentative methods produce conditions more nearly 
corresponding those the given problem. this reason 
desirable solve all possible kinds problems whether 
they seem ‘practical’ not.” 


Accordingly, Coulomb, Rankine, Weyrauch, Levy, 
and others, have contributed much their study various 
kinds equilibrium. The work while furnishing 
valuable researches the whole field, seems carefully ignored 
the practicing profession. 


Such hypothesis, has been urged, less applicable 


(Government Printing Office, Washington, C., 1899), 333. 
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the case earth pressure than the case any other medium, 
being difficult predicate continuity laws the medium and the 
existence derivatives, done hydrodynamic and elastic theories. 
sufficiently typical such criticism, the remarks Darwin* are 
closely the point. 


“Tt has always been assumed previous writers that the tangential 
action across ideal interface mass loose earth the same 
nature the statical friction between solids, and that when the tan- 
gential stress has attained magnitude certain fraction the 
normal stress, the equilibrium the point breaking down. 
little consideration will show that the hypothesis cannot 
exact, even with ideal sand with incompressible grains, and 
absolutely devoid coherence. For imagine mass sand thrown 
loosely together; then the grains are irregular shape certain 
portion them will resting points and angles, thus occupying 
more space than they might do. 

“Tf the sand now compressed, many the grains will slip and 
rotate, and fall into interstices; fact considerable amount re- 
arrangement will take place, and the density the mass will rise 
considerably—by quite per cent. the re-arrangement thorough, 
found experimentally. 

“Even all the grains were spherical considerable amount 
change would take place, and when they are angular course much 

“Hence clear that the coefficient internal friction sand 
function the pressure, and not merely the pressure then 
existing, but also the pressure and shaking which some previous 
period that portion the mass sand has been subjected. 

quite impossible say how much these causes will vitiate 
any mathematical theory the equilibrium sand, but experience 
seems show that the vitiation extensive.” 


the other hand, the elastic theory, the researches Bous- 
sinesqt show that pulverulent material when under presure—such 
may occur this particular case the pile owing impacted soil 
through driving, even more than the retaining change 
form with force which proportional the mean the three 
principal stresses acting the particle. takes the coefficient 
rigidity, varying with this mean pressure. the weight the 
particle increases, either owing its own “head,” or, this case, 


Minutes Proceedings, Inst. E., Vol. 1883, the Horizontal Thrust 
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the compressed soil driving, the surrounding medium approaches 
elastic body its properties. Under great pressure, course, 
becomes perfectly so, thus justifying geologists physicists 
lating earth stresses, delta pressures, faults, known elastic 
methods. 

Now, the writer believes that there tacit notion, prevalent 
among representative engineers, which quite conformable such 


hypothesis, and support this belief would quote the remarks 
Goodrich 


“When pile supported entirely the frictional resistance, the 
actual region supporting the load some deep ground level which 
the frictional resistance holding the pile has been transferred through 
the earth the shape conoid pressure, the base which gives 
total bearing value equal the load and unit bearing value which 
the earth that lower level will support. kind and degree 
compactness earth will give different angle for the slope the 
conoidal surface.” 

Again, says: 

“When supported frictional resistance, they [the piles] must 
driven far apart, such depth, that the increased area bear- 
ing developed the conoid pressure having the required altitude 
frictional resistance meets level which will afford the required 
support before intersecting the conoid neighboring pile.” 


Such description would seem show analogies with the “fan” 
distribution Stokes and Carus with the local perturbations 
some the equipollent effects St. Venant. 

natural ask, however, how the inelastic distortions 
Darwin can made harmonize with the other views. The answer 
would postulating defining the medium. Slichter,t 
somewhat related problem involving study the flow ground- 
through soil, has attacked his problem very successfully the 
assumption mean soil. The size the grains soil having 
the same transmission power the more complex soil the 
“effective” size. says: 

“There probably exists tendency every such soil toward 
certain average size and mean arrangement grains which the theory 
Transactions, Am. Soc. E., Vol. Supporting Power pp. 182 


seq. 


Proceedings, Physical Society London. Vol. XI, 1891, 194, The Influence Sur- 
face-Loading the Flexure 
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probabilities would justify setting ideal soil replace 
given soil the investigation.” 

The same remarks may applied the analysis the pile and 
related phenomena. this idealization the problem which 
tacitly done all the problems engineering, perhaps, however, with 
less justification this time the theory earth pressure, account 
the lack physical investigation. 

the whole, the opinion elasticians, Darwin and St. Venant 
included, would seem favorable elastic analysis the prob- 
lem the lateral pressure earth and pulverulent material. Pear- 
son,* his the elastic analysis Boussinesq, has said: 

“They appear contain the most complete scientific theory yet 
given the stability such mass indeed, they are per- 
haps the limit what elastic theory can provide these directions.” 

view the dearth knowledge strain and friction factors, 
little progress can made. believed, however, that engineers 
direct their attention the static outlook and conduct experiments 
along this line, great many features now rather obscure will clear 
up. Such study also affords another angle vision upon the pile 
viewed dynamically and the retaining wall. 

General purposes discussion, consider pile 
driven jetted place and carrying, say, its maximum load. 
desired investigate the mechanical state the soil reacts 
upon the pile and prevents its further subsidence under the load. 
The principles furnish the following well-known equa- 
tions for the static equilibrium volume element the material 
surrounding the pile, say, small parallelopiped the co-ordinates 


x 


expression, X,, represents the intensity normal stress the ele- 
mentary area, dz, the parallelopiped, that is, the stress acting 


Elasticity and Strength Vol. II, Pt. pp. 813 and 
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the direction the upon the plane element, dz, perpen- 
dicular this plane. Briefly, represents the upon the 
ing tangential stress; normal stress upon the z-plane, and 
on. Since the shears right angles are always equal, then 
the symmetrical notation commends itself. The equivalence can 
asserted desired calculations any particular problem. 

The expressions, pX, pY, and pZ, where the density, rep- 
resent “body forces,” such gravity “centrifugal” force. this 


these volumetric forces may the components gravity the 
direction the co-ordinate axes, 


or, these are taken Fig. 

weight the earth per cubic foot 

the engineer’s notation. For 

sand charged with water, this 

would be, say, 110 the 

case might be. 


The foregoing equations, 
used Rankine* his original 
paper, are rigid body equations. 
Boussinesq,t introducing 
comprehensive theory strain, 
formulates 
tem for the theory earth 
pressure. There are, course, 
relations compatibility the general problem which will show 
analytically, already shown for the Patton equations, that the 
engineer cannot choose his values random. 

Thus far, the writer has discovered, few practical data the 
matter strain are accessible for different earths. Reference this 
must brief. The theory, then, will founded stress relations, 
the ordinary beam formula, for practical purposes. 

the case conical cylindrical piles, the equations for static 
equilibrium final analysis will best expressed the well- 


Philosophical Transactions, Royal Society, 1857. 
Essai théorique sur d’elasticité des massifs pulvérulents ete. 
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co-ordinates, the notation being similar that used 
namely: 


R=0 


these equations the capital letters give the direction action 
the stress and the subscripts refer the planes which they act. 
For example, represents the intensity the direction the nor- 
mal the plane, dy, the y-plane, that is, the plane, ete. 
The shears rectangular the previous case, are equal. 

this more complicated case, 
however, owing the symmetry 
about the y-axis, axis the pile, 
the “hoop compression” becomes 
constant around any particular 
ring element the radius, The 
shears also vanish the ¢-planes, 
that is, any the faces, dy, dr. 
solution the various particular 
intensities obtained, may ulti- 
mately used for obtaining the tubes stress, their intensities and 
slopes any point, the conoid described Goodrich. 

Now, make any particular problem determinate one, such types 
equilibrium equations have been given are satisfied for 
all values the variables and for certain boundary conditions, namely, 
the upheaval surface and the entire periphery the pile. 
continuous beam the analogy exists the state the supports. 
Similarly, correct column formula must not only satisfy such equili- 
brium equations along the axis, but also hold for very long and very 
short columns. The problem under discussion relatively more 
determinate than the column problem, the best that may 
mately expected the latter case least-square solution. 

the surface the pile the following type equations must 

satisfied, well for the upper surface.* 


Axis of Pile 


Elasticity,” Love, Chapter pp. 122 seq. 
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make these expressions clear, may remarked that the 
surface the pile, being the general case the surface cone, 
will transform the volume element earth, (Fig. 3), into 
tetrahedral element. And these equations assert the equilibrium mat 
all stresses the tetrahedron the directions, and atte 
respectively. 
Call the surface element the pile, that is, the inclined face 
the tetrahedron element, the n-face, because its normal is, say, 
Let its area unity, for convenience discussion. Then the other 
faces, namely, the and z-faces, respectively, are cos. cos. ing 
(yn), and cos. (zn), where (xn), (yn), and (zn) are the angles be- ver 
tween the and z-directions and the normal the n-face sho 
Accordingly, the resultant stress component the wit 
the surface element the pile. similar set holds for the 
ground surface, but becomes very much simpler owing vanishing 
terms when the upheaval surface assumed as_ horizontal. 
Now, precise and finished analysis involving the strain re- 
lations, both the boundary equations just given and the equilibrium 
equations are usually expressed terms these strains. Just 
they are neglected the derivation the beam formula, they will 
neglected here. The two sets equations will used solely stress 
relations, given, keep the problem within working bounds. 
two-dimensional solution only can attempted this time, 
account the analytical difficulties involved the more general 
treatment. believed, however, that general solution exists 
the case where the “immersed” length pile zero the Bous- 
sinesq* problem the distribution stress and strain due 
rigid cylinder resting upon infinite elastic solid, combined, 
course, with suitable superpositions provide for the weight 
the soil. Moreover, since the strain the earth some distance from 
the body quite independent the manner distribution the 
peripheral stresses, but will depend rather the resultant statically 


1885. 

Theory Todhunter-Pierson, Vol. II, Pt. IT, 287. 
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equivalent them, thought that this solution for immersion 
length zero may actually taken for finite lengths the pile. 
would seem the writer that the existence the “cone” under 
ihe base will approximately justify this. 

All authors, from Barlow and Rankine the present time, have 
pleaded lack experimental data with which correlate their 
mathematical investigations. The writer has felt this constraint his 
attempts get any trustworthy results from the case given, after 
analyzing the problem from different points view; but, while these 
efforts have been largely fruitless, they have afforded certain lines 
approach analyzing the “conoid.” 

One these that, the case experiment, instead restrict- 
ing the investigation solely the special case granular pul- 
verulent media, all engineers have heretofore done, the problem 
should generalized include media which have elastic properties 
within limits, say clay, hardpan, spongy soils, and very probably sand 
its most compact position, especially when charged with 
water. believed that, eventually, when more experiments have 
been made, these premises will easier work than the case 
granular media. some preliminary experiments along this line, 
made for the purpose throwing light upon more precise efforts 
undertaken, Green, Jun. Am. Soc. E., and the 
writer used rather fine and compacted saw-dust, duplication the 
Goodrich* experiment made with sand. Such saw-dust medium will 
permit considerable magnification the strain that may ex- 
pected actual case, when small vertical motion the model 
pile made the medium, keeping the “pile” close the glass wall 
the box. his experiments retaining walls, used 
series strata different colored medium bring out the faults 
the sand and confirm his notion curved surface for the interior 
face the Coulomb wedge. like manner, this notion has been 
tried “sprinkling” series co-ordinate lines any convenient 
medium the face the glass wall when laid flat with the “pile” 
place, and laying over this the saw-dust, with view showing 
the strained lines when small vertical displacement the “pile” 


Transactions, Soc. E., Vol. 181. 
Annales des Ponts Chaussées, 1885. 


a 
, 
l 
> 
ight 


904 THE ULTIMATE LOAD PILE FOUNDATIONS [Papers. 


The original positions the co-ordinates are marked the 
glass with wax pencil. 

Two limiting aspects are studied: the strained con- 
dition for very smooth polished prism with flat base, and then 
that for one with serrated notched faces next the saw-dust. The 
first case simulates that where the pressure the sides normal. 
The second case approximates the actual status pile cohesive 
soil where the full friction exists. While little this has been carried 
out, believed that qualitative data value will obtained 
using, not only straight prisms, but also wedges rectangular cross- 
section with the faces next the material inclined and from the 
vertical. hoped the first case obtain the deportment the 
material under the pile. Preliminary experiments seem confirm, 
partially least, such flow stress has been already derived 
both experimentally and analytically the well-known 
problem the pressure between two elastic bodies contact. 
thought, out the Goodrich experiment thus described, 
not only for sand, but also for other “more springy” media, that 
great deal. light may afforded, not only the basal action 
the pile, but also the related problems surface loading, 
beams, ete. analysis already far ahead experiment, 
least for bodies. 

the second case, desired discover the zone action 
regard the lateral friction cohesive and elastic soil. the 
subsequent analysis this can only assumed for the case pul- 
verulent material. 

Two-Dimensional Stress the Rankine premises 
the uniplanar two-dimensional case easily extended three 
dimensions the assumption vertical axis symmetry, namely, 
his ellipse stress relation becomes ellipsoid stress; but, when 
the influence body such the pile concerned, the problem 
becomes greatly complicated, involving solution the case stress 
alone the equations equilibrium cylindrical co-ordinates sub- 
ject proper boundaries, has been shown. The writer has been 


unable obtain general solutions for these, has been already 
remarked. 


*Hertz, Miscellaneous Translation Jones and Schott. 
Hertz, Math. (Crelle), Bd. (1881). 
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proposed, accordance with the suggestion Slichter, 
attempt approximate solution the best available this time. 
Such solution, may considered second approxi- 
mation that already given Patton and Desmond, but will 
avoid largely the Rankine inconsistencies. This may then used 
studying the experimental data hand with view discover- 
ing the general law, such law does not already exist, least for 
short piles the Boussinesq problem the rigid 

two-dimensional case, the sets equilibrium equa- 
tions may applied were pile very large radius, or, 
taking equivalent, stretch 
the piling partakes more less 
the nature the retaining 
wall. 

Two-dimensional treatments 
the equilibrium equations 
have already been given, the 
the retaining wall, 
and Boussinesq. the 
particularly, believed his results may applied the 

The equilibrium equations, being independent the direction 
the length the wall piling, reduce 


The region perturbation supposed extend the line the 
equation which 


where the coefficient the square root the Rankine ratio. This 
must here tentatively assumed. (See Fig. 5.) 


1885 (Gauthier-Villars, 
auf Stiitzmauern,” Miiller-Breslau (Stuttgart, 1906), pp. seq. 
Annales des Ponts Chaussées, pp. 625-643. 


See also Pierson, Vol. Pt. 347; and 
Minutes Proceedings, Inst. E., Vol. LXV, 
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The general Rankine relation assumed hold outside this 
region distance from the pile, namely, 


which states the expression for the “stability mass earth 
terms the pressure point referred any pair rectangular 
axes, OX’ and OY’, the plane greatest and least 
Taking the common expression easily derived. 

justification the use the above, assumed here that 
the plunger and cylinder experiments Goodrich give fair confirma- 
tion. in. movement the “plug” will permit the 
inference that the pressure the plug the same intensity that 
the walls the cylinder has always raised query the writer’s 
mind.t) 

Since the weight the surface, assumed flat, zero, the boundary 


relations become, the vanishing terms the equations for the 
tetrahedron: 


the sheet-piling (the retaining wall the problem Bous- 
sinesq), there results tan. X,, where tan. the tangent 
the angle obliquity the resultant pressure the vertical face 
the pile. 

Boussinesq assumes “that practice sustaining walls are generally 
sufficiently rough render thin stratum the pulverulent mass 
stationary upon them. Hence the angle friction between wall and 
mass really reduces the angle friction the pulverulent mass 
upon This certainly the maximum value. dif- 
ferentiates, however, the obliquity upon the from that the 
the case sand, account dilatancy, the writer will 
follow the Boussinesq assumption, but for soils not granular pul- 
verulent will obtain such values for the later numerical computa- 
tions may had from actual tests. Cain, Darwin, and others 
follow Boussinesq retaining-wall design this respect. 


Philosophical Transactions, Royal Society, 147, 18. 
Transactions, Am. Soc. E., Vol. 283. 
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The following solution 


given for the equations equilibrium: 


the ordinary Rankine relations. Within this region, the zone 


perturbation the pile, the following equations hold: 


sin. 
tan. 


the above set constituents, the stresses, and are 
induced stresses, that is, they are called into play hypothetical 
infinitesimal motion outward retaining wall the pressure head, 
the Rankine language, they stand each other the rela- 
tion “cause effect.” pressure head earth “active,” and 
the induced lateral stress “passive.” 

the ease of-piling, however, the “active” stress. Accord- 
ingly, one would assume, very consistently, that the resultant stress 
the small element the piling active. provide 
for this case, one might the ordinary manner Rankine, 


ambiguities into the The writer will proceed follows: 

Call the passive smaller ratio Rankine and the active 
larger ratio and are active, seems reasonable 
assume that the zone perturbation due pile action larger. The 
wedge defining this region, the slant height which 


This would appear introduce 


? 
must intersect the head the pile the ground, because, whether 
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“active” “passive,” the shears vanish the pile for Let 


The following still true: any point without 
Dp 


the region the general Rankine relations hold. The constituents hold 
general for all values the variable within the region; the in- 
tensities become zero the surface; while, the pile, for 
the ordinary Rankine relations still hold, the more general relations 
hold for 

obtain direct application this, necessary integrate 
the intensity, Y,, over the surface the pile First call 


tan. 


tan. 


for simplicity expression, where the coefficient friction 
the pile, the specifie weight the earth, and the variable 
depth. apply this intensity practice, where cylindrical and 
slightly tapering piles are used, the assumption Vierendeel and 
the others made, that the tangential intensity independent 
the shape the perimeter the pile, common enough assumption 
other branches engineering. 

integration there results for working formula comparable 
with the Sanders’ type simplicity, but based considera- 
tions: 


the weight cubic unit earth, the coefficient friction, and 
sin. 
angle internal friction, so-called angle repose. 
2 
Now the normal hydrostatic pressure cylinder 


for specific weight. Accordingly, more less 


rational friction factor for the same. While the formula quite 


the larger Rankine ratio, namely, 


being the 
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simple Vierendeel’s, would seem possess more rational 

Effect the the above working formula, upward pres- 
sure the base and sides, other than that due tangential stresses, 
been disregarded relatively negligible. This will need 

First, the case stiff earths possesssing some elastic prop- 
where more less well defined “conoid pressure” may 
assumed exist, the pressure over the base this conoid 
assumed continuous. The principle equipollent 
loads (de St. Venant) shows that only the region the point 
that the real distribution stress has any effect. the case 
peg driven into wooden beam and load its head act- 
ing longitudinally the axis the peg, the local effect the stress 
would much the same whether the point the peg entered small 
knot-hole butted against sound wood. The assumption, then, will 
that the pressure under the pile practically that which exists foot 
two horizontally away. the horizontal projection the lateral 

the case the Goodrich experiment, with the box and glass 
walls, when the model pile pushed down the sand close the 
glass face the inverted paraboloid forming under the squared end 
the pile only two three end diameters the pile height. 
The “eddy” action largely confined this small region. The 
Rankine hypothesis, necessity, assumes that the action felt 
the surface, reason incompressible molecules arranged most 
compact space. believed, however, has been shown Bausch- 
inger, Darwin, and others, that considerable interstitial free space 
exists any pulverulent soil; accordingly, when the pressure occurs 
simply compacts the soil the immediate region concerned. 
The assumption, then, for semi-liquid materials, would seem 
reasonable, may similar that the previous paragraph, namely, 
that the pressure the point and sides suffers sudden breaks 
from that short distance away. 

Accordingly, thought that the base and lateral buoyancy, 
when the point down, may amply provided for taking 
few diameters longer, say the point the inverted paraboloid, 
instead the point the pile, and using this length with the 
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mean diameter the pile. Such data, course, would need 
determined experimentally; or, perhaps might better con- 
1 +f 
determined for various cases. 
Some lieu any precise coefficients friction and 
angles friction, great precision can expected fitting the 
formula actual cases. the following the formula has been ap- 
plied the Annapolis* tests, Carlin, Am. Soe. 
Engineer Charge, also the well-known pile (Proctor- 
ville, La., 1856-57). 


sider the friction factor, 


simply empirical parameter 


TABLE 


| 
| 
| 


Remarks. 


Number 
Length 
Point 
Butt 
Hammer. 
Fall 
Actual 
test load 
Formula 
Goodrich 


500 168 700 Sand. 


For Cases and 0.1 and 15° was used, for Cases and 0.268 tan. 
and 15°. 


(See Patton’s Civil Engineering,” 1st 487, for actual test for liquid mud.) 


Case worked out below 


full, show the effect vertical Center Gravity 


pressure the side and base. The 


. 


ke 66 >| 
trapezoid. The projected area 
horizontal plane 1.45 sq. ft. 
The area the base 0.267 sq. ft. 


sin. 


The Engineering Record, May 11th, 1901; Also Transactions, Am. E., Vol. 
XLVIII, pp. 215 and 218. 


Baker’s Masonry,“ 8th ed., 247. 


bas 


dat 
sar 


tes 


0.1 

fac 

Area =3.25'x 66" sti 
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1.70 


105 200, total calculated load. 


The common hydrostatic methods area multiplied mean head 
used instead the integration. The Rankine pressure the 
and projected side 5600 and 13000 respectively, for 
degrees.* 

For the Louisiana case, Baker’s “Masonry” gives the following 
data: Pile was in. square throughout, driven 29.5 ft., and bore 
29.9 tons without settlement. settled slowly under 31.2 tons. The 
same values and are used Cases and the Annapolis 
test, namely, 0.263 and 15°, 


29.5 


110 1.0? 320, pressure base, 


120, total calculated load. 


The static treatment presented gives average deviation from 
fact about commensurate with that the most rational dynamic 
formula. thought, however, that obtaining actual experi- 
mental factors, based the physical qualities the pile, much 
closer agreement would possible. Most the recorded data, being 
made solely with reference their availability for comparison and 
study dynamic formulas, omit such information. 

The formula presented, being the form that given 
Vierendeel, who neglects the basal action, should easy, draw- 
ing tests, acertain the friction, expressed function length 
and mean diameter, for different soils. 


Dilatancy Granular Media—In his interesting discussion 
the Goodrich paper, the late Mr. Gould remarked 


“Another element which makes for safety, but which baffles 
lation, the clinging action the material through which the 


Note that 100 Ib. instead 110 Ib. per cu. ft. will give about Ib. 
Transactions, Am. Soc. E., Vol. XLVIII, 214. 
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pile driven, and which action set immediately after has 
been allowed come rest. often impossible draw de- 
fective pile even very short time after has been driven, unless 


few blows given the hammer start it, when may come 
very easily.” 


believed that the theory the dilatancy media composed 
rigid particles contact, proposed Professor Osborne 
Reynolds,* will account for this phenomenon noticed and recorded 
many engineers. While the theory was formulated account for 
the the universe, not the least its claims that 


will place the theory earth pressures true foundation. 


will point out the existence singular fundamental prop- 
erty such granular media which not possessed known fluids 
masses because the property consists definite change 
bulk, consequent definite change shape distortional 


strain, any disturbance whatever causing change volume and 
generally 


“In the fluids, 


volume and shape are perfectly inde- 
pendent; 


and although practice often alter the 
shape any elastic body without altering its volume, yet the prop- 
erties dilation and distortion are essentially and are 
considered the theory elasticity. fact there are very few 
solid bodies which are any extent dilatable all. 

“With granular media, the grains being sensibly hard, the case 
is, the results have obtained, entirely different. 
long the grains are held mutual equilibrium stresses trans- 
mitted through the mass, every change relative position the 
grains attended consequent change volume; and any 
way the volume fixed, then all change shape prevented.” 


The mathematies this long and difficult, general. The essen- 
tial features, desired apply them reference Mr. Gould’s 
remarks, may illustrated the following experiment: 


“Tf have canvas bag any hard grains balls, long 
the bag not nearly full will change its shape moved 
about; but when the sack approximately full small change 
shape causes become perfectly hard. There perhaps nothing 
surprising this, even apart from familiarity; because 
tensible sack has rigid shape when extended the full, any defor- 
mation diminishing its capacity, that contents which did not fill 
the sack its greatest extension fill when deformed. 
consideration, however, many curious questions present themselves. 


1885, pp. 469 seq.; also 
Reynolds’ Works, Vol 
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“If, instead canvas bag, have extremely flexible bag 
india-rubber, this envelope, when filled with heavy spheres (No. 
shot), imposes sensible restraint their distortion; standing 
the table takes nearly the form heap shot. This appar- 
ently for the fact that the capacity the bag does not 
diminish deformed. this condition really shows less 
the qualities its granular contents than the canvas bag. But 
the volume its contents. 

“Filling the interstices between the shot with water that the 
bag quite full water and shot, bubble air it, and care- 
fully closing the mouth, now find that the bag has become absolutely 
rigid whatever form happened when closed. 

“Tt clear that the envelope now imposes distortional constraint 
the shot within it, nor does the water. What then, converts the 
heap loose shot into absolutely rigid body? Clearly, the limit 
which imposed the volume the pressure the atmosphere. 

“So long the arrangement the shot such that there 
enough water fill the interstices the shot are free, but any arrange- 
ment which requires more room absolutely prevented the pressure 


“The very finest quartz sand, glass balls in. diameter, all 
give the same results.” 


would seem that such state affairs would tend exist after 
the driving, the final rearrangement the particles granular 
soils, and that the phenomenon may throw light the case, cited 
Mr. Gould. would further seem favor theory, 
especially one, use another Professor Reynolds’ illustrations, 
may note the firmness sandy beach after the recession wave, 
contradistinction the quite fluid effect the dry sand. The phe- 
nomenon deserves studied its relation the pile. 

The writer was led appreciate the importance the static point 
view, the theory the pile, through the suggestions 
Williams, Am. was introduced the Boussinesq 
and theories* Professor Alexander Ziwet. making 
acknowledgment these authorities and Professor Pierce for 
diseussion and criticism these theories, the writer does not wish 
construed committing them these views. 


number solutions involving different phases this problem may easily found. 
Among these the writer would call attention treatment the glacier Hopkins, 
Cambridge Phil. Soc. Transactions, Vol. 1849, which treats the glacier elastic 
body forcing its way between the walls the valley, exerting lateral forces and friction 
the sides the stream quite comparable the action pile the earth. The Bous- 
sinesq literature, however, affords the most suggestion addition that 
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Discussion.* 


AND 


Am. Soc. E.—The speaker would like 
know whether anything has been dene the United States toward 
utilizing marsh mud for fuel. 

address Mr. Edward Atkinson, before the New England 
Water Works Association, 1904, the subject “Bog Fuel,” 
referred its extensive use Sweden and elsewhere, and intimated 
that there was wide field for its use 

The percentage combustible material the mud ordinary 
marsh lands very considerable, and there are enormous deposits 
readily available; but hardly probable that its calorific value 
sufficiently high render its general use this time profitable. 

example the amount matter which may remain 
stored these muds for many years, the speaker would mention 
sample taken from the bottom trench, which had analyzed 
few years ago. Although taken from depth about ft., much 
the vegetable fiber remained intact. The material proved 
volatile. 

Possibly before the existing available coal deposits are exhausted, 
the exploitation muds for fuel may become profitable. 


This discussion (of the paper Herbert Wilson, Am. E., printed 
Proceedings for February, 1910, and presented the meeting April 20th, 1910), printed 


Proceedings order that the views expressed may brought before all members for 
further discussion. 
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Henry (by Wilson gives brief 
jeseription long furnace and the research work which 
being done it. may well discuss somewhat more fully 
proposed investigations and point out the practical value the 
which they may lead. 

general, the object study the process combustion coal. 
When soft coal burned any furnace, part the combustible 
driven off shortly after charging, and has burned the space 
between the fuel bed and the exit the gases, which called the 
combustion space. There enough evidence show that, with con- 
stant air supply, the completeness the combustion the volatile 
combustible depends the length time the latter stays within the 
combustion space; but, with constant rate charging the coal, this 
length time depends directly the extent the combustion space. 
Thus, the volume the volatile combustible evolved per second and 
the admixed air cu. ft., and the extent the combustion space 
ft., the average time the gas will stay within the latter 


the combustion space cu. the average time the 


Mr. 


Kreisinger. 


mixture can stay this space only sec., and its combustion will 


less complete than the first case. Thus seen that the extent 
the combustion space furnace important factor the 
economic combustion volatile coals. The specific object the 
investigations, thus far planned, determine the extent the 
combustion space required attain practically complete combustion 
when given quantity given coal burned under definite condi- 
tions. With this object view, the furnace has been provided with 
combustion space large enough for the highest volatile coals and for the 
highest customary rate combustion. illustrate the application 
the data which will obtained these experiments, the following 
queries are given: 

Suppose required design furnace which will coal from 
certain mine the rate 1000 per hour, with resulting 
temperature not less than Fahr. How large combustion 
space required burn, with practical completeness, the volatile 
combustible? What completeness combustion can attained, the 
combustion space only three-fourths the required extent? the 
present state the knowledge the process combustion coal, 
these queries cannot answered definitely. the literature com- 
bustion one may find statements that the gases must completely 
burned before leaving the furnace before they strike the cooling 
surfaces the boiler; but there definite information available 
how long the gases must kept the furnace how large the 
ace must order obtain practically complete 
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Mr. 
Kreisinger. 


combustion. strange that little known such old art 
the combustion coal. 

The research work under fundamentally problem 
physical chemistry, and, for that reason, has been assigned 
committee consisting the writer Engineer, Dr. Frazer, 
Chemist, and Dr. Clement, Physicist. The outcome the 
investigation may prove extreme interest mechanical and fuel 
engineers, and all who have anything with the burning coal 
the construction furnaces. the experiments thus far planned 
the following factors will considered: 

Effect the Nature Coal the Extent Combustion Space 
steaming coals mined different localities evolve 
different volumes volatile combustible, even when burned the same 
rate. The coal which analyzes 45% volatile matter evolves much 
greater volume gases and tar vapors than that analyzing only per 
cent. These evolved gases and tar vapors must burned the space. 
Consequently, furnace burning high volatile coal must have 
much larger combustion space than that burning coal low volatile 
combustible. 

There enough evidence show that the extent combustion 
space required burn the volatile combustible depends, not only 
the volume the combustible mixture, but also the chemical com- 


position the volatile combustible. Thus the volatile combustible 


low volatile coal, when mixed with equal volume air, may require 
see. the combustion space burn practically completeness, 
while may require burn the same volume the volatile 
combustible high volatile coal with the same completeness; that 
the extent the combustion space required burn various kinds 
coal may not directly proportional the volatile matter the coal. 

Effect the Rate Combustion the Extent Combustion 
Space the same coal, the the volatile com- 
bustible distilled from the fuel bed per unit time varies the rate 
combustion. Thus, when this rate double that the standard, 
the volume gases and tar vapors driven from the fuel about 
doubled. this volume volatile combustible, about 
double the volume air must added, and, the mixture 
kept the same length time within the combustion space, the latter 
should about twice large for the standard rate combustion. 
Thus the combustion space required for complete combustion varies, 
not only with the nature the coal, but also with the rate firing 
the fuel, which, course, self-evident. 

Effect Air Supply the Extent Combustion Space Required. 
—Another factor which influences the extent the combustion space 
the quantity air mixed with the volatile combustible. Perhaps, 
within certain limits, the combustion space may decreased when 


—— 
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the supply air increased. However, any statement present 
only speculation; the facts must determined experimentally. One 
fact known, namely, that, order obtain higher temperatures 
the products combustion, the air supply must decreased. 

Effect Rate Heating Coal the Extent Combustion 
Space still another factor, very important one, 
which, with given coal and any given air supply, will influence the 
extent the combustion space. This factor the rate heating 
the coal when feeding into the furnace. The so-called “proximate” 
analysis coal indeed only very approximate. When the analysis 
shows, say, 40% volatile matter and 45% fixed carbon, does not 
mean that the coal actually composed much volatile matter and 
much fixed carbon; simply means that, under certain rate 
heating attained certain standard laboratory conditions, 40% the 
coal has been driven off “volatile matter.” the rate method 
heating were different, the amount volatile matter driven off 
would also different. Chemists state that difficult obtain 
accurate checks “proximate” analysis. illustrate this factor, 
further reference may made the operation the up-draft bitumi- 
nous gas producers. the generator such producers the tar vapors 
leave the freshly fired fuel, pass through the wet scrubber, and are 
finally separated the tar extractor black, pasty substance 
semi-liquid state. this tar subjected the standard proximate 
analysis, will shown that from 50% fixed carbon, 
although left the gas generator volatile matter. desired 
emphasize the fact that different rates heating high volatile coals 
will not only drive off different percentages volatile matter, but that 
the latter itself varies greatly chemical composition and physical 
properties regards inflammability and rapidity combustion. Thus 
may said that the extent the combustion space required for the 
complete oxidation the volatile combustible depends the method 
charging the that is, how rapidly the fresh fuel heated. 
this factor given proper consideration, may possible 
reduce very materially the necessary space required for complete 
combustion. 

The Effect the Rate Mixing the Volatile Combustible and 
Air the Extent the Combustion Space—When studying the 
effects discussed the preceding paragraphs, the rate mixing the 
volatile combustible with the supply air must constant 
practicable. first, tests will made with special mixing devices, 
the mixing will accomplished entirely the streams air entering 
the furnace the stoker, and natural diffusion. Although there 
appears violent stirring the gases above the fuel bed, the 
mixture the gases does not become homogeneous until they are about 
ft. from the stoker. The mixing caused the air currents 
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Mr. into the furnace the stoker very distinct, and can readily 
Kreisinger. 


observed through the peep-hole the side wall the Heine boiler, 
opposite the long combustion chamber. This mixing shown 
Fig. 20. current air forced from the ash-pit directly upward 
through the fuel bed; and are streams air forced above the fuel 
bed through numerous small openings the furnace side each 
hopper. Those currents cause the gases flow out the furnace 
two spirals, shown Fig. 20. The velocity rotation the 
outside the two spirals appears about ft. per sec., when 


SECTION THROUGH STOKER SHOWING MIXING 
GASES CAUSED CURRENTS AIR 


Air-Space 


Ash-Pit 


20. 


the rate combustion about 750 lb. coal per hour. reason- 
able expect that when the rate mixing increased building 
piers and other mixing structures immediately back the grate, the 
completeness the combustion will effected less time, and 
smaller combustion space will required. Thus, the mixing structures 
may important factor the extent the required combustion 
space. 


sum up, can said that the extent the space required 


‘ 
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obtain combustion which can considered complete for all 
practical purposes, depends the following factors: 

coal, 

(b).—Rate combustion, 

(c).—Supply air, 

(d).—Rate heating fuel, 

(e).—Rate mixing volatile combustible and air. 


Just how much the extent the combustion space required will 
influenced these factors the object the experiments under 

The Scope the this object view, ex- 
plained the perceding paragraphs, the following series experi- 
ments are planned: 

Six eight typical coals are selected, each representing 
certain group nearly the same chemical composition. Each series 
will consist several sets tests, each set being run with all the condi- 
tions constant except the one, the effect which the size the 
combustion space investigated. Thus set four five tests 
per square foot grate per hour, keeping the supply air per pound 
and the rate heating constant. This set will show 
the effect the rate combustion the coal the extent space 
required obtain combustion which practically complete. Other 
variables, such composition coal, supply air, and rate heat- 
ing, remain constant. 

Another set four five tests will made with the same coal 
and the same rate combustion, but the air supply will different 
for each test. This set tests will repeated for two three 
different rates combustion. Thus each these sets will give the 
effect the air supply the extent combustion space when the 
coal and rate remain constant. 

Still another set tests should made which the time 
heating the coal when feeding into the furnace will vary from 
min. each the tests this set, the rate combustion and 
the air supply will kept constant, and the set will repeated for 
two three rates combustion and two three supplies air. Each 
these sets tests will give the effect the rate heating fresh 
fuel the extent combustion space required burn the distilled 
volatile combustible. These sets experiments will require modifi- 
cation the stoker mechanism, and, that account, may put off 
until all the other tests the other selected typical coals are com- 
pleted. the investigation proceeds, enough may learned that 
the number tests each series may gradually reduced. After 
all the desirable tests are made with the furnace stands, several 
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kinds mixing structures will built successively back the stoker 


and tried, one kind time, with set representative tests. Thus 
the effectiveness such mixing structures will determined. 

Determining the Completeness Combustion—The completeness 
combustion the successive cross-sections the stream gases 
determined mainly the chemical analysis samples gases 
collected through the openings these respective cross-sections. The 
first these cross-sections which gas samples are collected, passes 
through the middle the bridge wall; the others are placed inter- 
vals ft. through the entire length the furnace. Measurements 
the temperature the gases, and direct observations the length 
and color the flames and any visible smoke will also made 
through the side peep-holes. These direct observations, together with 
the gas analysis, will furnish enough data determine the length 
travel the combustible mixture reach practically complete 
combustion. 

other words, these observations will determine the extent the 
combustion space for various kinds coal when burned under certain 
given conditions. Direct observations and the analysis gases 
sections nearer the stoker than that which the combustion practi- 
cally complete, will show how the process combustion approaches 
its completion. This information will extreme value determin- 
ing the effect shortening the combustion space the loss heat 
due incomplete combustion. 

Method Collecting Gas Samples.—The collection gas samples 
difficult problem itself, when one considers that the temperature 
the gases, they are the furnace, ranges from 
Fahr.; consequently, the samples must collected with water-cooled 
tubes. Thus far, about preliminary tests have been made. These 
tests show that the composition the gases the cross-sections near 
the stoker not uniform, and that more than one sample must 
taken from each cross-section. was decided take samples from 
the cross-section immediately back the stoker, and reduce the number 
the sections following, according the uniformity the gas com- 
position. Thus, about simultaneous gas samples must taken for 
each test. The samples will subjected, not only the usual deter- 
mination CO,, and CO, but complete analysis. also 
realized that some the carbon-hydrogen compounds which, the 
furnace temperature, exist heavy gases, are condensed liquids and 
solids when cooled the sampling tubes, where they settle and tend 
clog it. neglect the presence this form the combustible would 
introduce considerable error the determination the completeness 
combustion any the cross-sections. Therefore, special water- 
cooled sampling tubes are constructed and equipped with filters which 
separate the liquid and solid combustible from the gases. The contents 
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these filters are then also subjected complete analysis. 
data, measured quantity gases must drawn through 
these filtering sampling tubes. 

The Measuring present the only possible 
method measuring the temperature the furnace gases 
optical and radiation pyrometers. Platinum thermo-couples are 
destroyed the corrosive action the hot gases. The pyro- 
meters used present are the Wanner optical pyrometer and the Fery 
radiation pyrometer. 

The Flow Heat Through Furnace interesting side 
investigation has developed, the study the loss heat through 
the furnace walls. the description this experimental furnace 
has been said that the side walls contained 2-in. air space, which, 
the roof, was replaced with 1-in. layer asbestos. determine 
the relative resistance heat flow the air space and the asbestos 
layer, thermo-couples were embedded, groups four, different 
depths three places the side wall and two places the roof. 
the side wall, one the thermo-couples each group was placed 
the inner wall near the furnace surface; the second thermo-couple 
was placed the same wall, but near the surface facing the air space; 
the third thermo-couple was placed the outer wall near the inner 
surface; and the fourth was placed near the outer surface the outer 
wall. the roof the second and third thermo-couples were placed 
the brick near the surface each side the asbestos layer. These 
thermo-couples have shown that the temperature drop across the 2-in. 
air space was much less than that across the 1-in. layer asbestos; 
fact, that was considerably less than the temperature drop through 
the same thickness the brick wall. 

The results obtained prove that, far heat insulation con- 
cerned, air spaces furnace walls are undesirable. The heat not 
conducted through the air, but leaps across the space radiation. 
furnace construction solid wall better heat insulator than one 
the same total thickness containing air space. necessary 
build furnace wall two parts account unequal expansion, the 
space between the two walls should filled with some solid, cheap, 
non-conducting materials, such ash, sand, crushed brick. more 
detailed account these experiments may found Bulletin 
the Geological Survey entitled “The Flow Heat Through 
Furnace Walls.” 


States Testing Station Pittsburg has been set forth fully 
Mr. Wilson that further statement the results achieved may 
seem like repetition. would most unlikely, however, that studies 
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such variety should possess other value than along the direct 
lines being investigated. the case the Mine Accidents Division, 


least, certain that the indirect benefits some the studies 


have been far-reaching, and are now proving value lines far 
removed from those which were the primary object the investiga- 
tion. They are developing facts which will great value all 
engineers contractors engaged tunneling quarrying. the 
writer’s experience has been solely connection with the chemical 
examination explosives, will confine his this phase. 

studying the properties various explosives, and testing 
work separate those which the danger igniting explosive mix- 
tures coal dust and air, fire-damp and air, greatest, from 
those which this danger least, much information has been col- 
lected. Mr. Wilson has described many the tests, and can 
readily seen that carrying out these and other tests each the 
explosives submitted, great many facts relating the properties 
explosive compounds have been obtained, which were soon found 
decided value directions other than the simple differentiation 
explosives which are safe from those which are unsafe the presence 
explosive mixtures fire-damp coal dust. 

The factors which determine the suitability explosive for 
work material any particular physical ‘characteristics depend 
the relationship such properties percussive force (or the initial 
blow produced the products the decomposition the explosive 
the moment explosion), and the heaving (or the continued 
pressure produced the products the decomposition, after the 
initial blow the instant detonation). Where explosive has 
been used coal rock certain degree brittleness, and where 
the work the explosive with that particular coal not thoroughly 
satisfactory, becomes evident that through the systematic use the 
information available the Testing Station (and now course 
publication the form bulletins), regard the relationship 
between percussive and heaving forces different explosives, shown 
the tests with small lead blocks, the Trauzl test, and the ballistic 
pendulum, that explosives can selected which, possessing modified 
form the properties the explosive not entirely satisfactory that 
type coal rock, would combine all the favorable properties the 
first explosive, together with such additional advantages would come 
from its added adaptation the material which used. 

For example, the explosive use were found have too great 
shattering effect the coal, examination the small lead-block 
test this explosive, and comparison this with lead-block tests 
other explosives having practically the same strength, shown 
the pendulum, will enable the mine manager select from 
those already the Permissible List (and therefore vouched for 
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regard safety the presence gas and coal dust, when used 
way), some explosive which will have the same strength, and 
vet which, because lessened force shattering effect, 
will produce coal the manner desired. one takes the other 
extreme, and considers mine which the product used exclusively 
the preparation coke (and therefore where shattering the coal 
way disadvantage), the mine superintendent’s interest will 
primarily select explosive which, indicated suitable lead- 
Trauzl, and pendulum tests, will produce the greatest 
amount coal the least cost. 

the cost the explosive does not form any part the tables 
prepared the Testing Station, the relative cost must computed 
from the manufacturer’s prices, but the results tabulated the Station 
will all the other data necessary give the mine superin- 
tendent (who take the small amount trouble necessary 
familiarize himself with the tables) all the information which re- 
quired compare the action one explosive with that any other 
explosive tested. 

this way seen that, aside from the primary consideration 
safety the presence explosive mixtures fire-damp and coal 
dust condition alike fulfilled all explosives admitted the 
Permissible List), the data prepared the Testing Station also give 
the information necessary enable the discriminating mine manager 
select explosive adapted the particular physical qualities 
the coal his mine, decide intelligently between two ex- 
plosives the same cost the basis their actual energy content 
the particular form the heaving percussive required 
his work. 

the present time the investigations have been confined 
explosives used coal mining, because the Act Congress establish- 
ing the Testing Station has thus limited its work. Accordingly, 
not possible compare, the systematic basis just mentioned, the 
explosives generally used rock work. probable that, the Bill 
now before Congress regard the establishment Bureau 
Mines passed, work this character will undertaken, and the 
tables explosives now prepared will extended cover all those 
intended for general mining and quarrying use. Data such char- 
acter are unobtainable to-day, and, result, considerable per- 
centage explosives now used all mining operations wasted, 
because their lack adaptation the materials being blasted. 
well known, for example, that when explosive high per- 
cussive force used excavating soft easily compressed 
medium, considerable percentage its force wasted heat energy, 
performing other function than the distortion and compression 
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the material which fired, without exerting either appreciable 
cracking fissuring effect, heaving or. throwing the material. 

Owing lack information regard the exact relationship 
between the percussive and the heaving force particular explosives, 
this waste, compared with the quantity required for the work with 
properly balanced material, will continue; but hoped that 
will soon possible give the mining and quarrying industries 
suitable information regard the properties the various ex- 
plosives, that the railroad contractor and the metal miner may have 
the same simple and exact means discrimination between suitable 
and unsuitable explosives that now being provided for the benefit 
the coal miner. 

Another the important but indirect benefits this work has 
been the production uniformity strength and composition 
explosives. example this helpful influence the standardiza- 
tion detonating caps and electric detonators. the early days 
the explosive industry, was apparently advantageous for each manu- 
facturer have separate system trade nomenclature which 
designate the strengths the different detonators manufactured 
him. The necessity and even the advantage such methods have long 
been outgrown, and yet, until the past year, the explosive industry has 
had labor under conditions which made almost impossible for the 
user explosives compare, cost strength, detonators 
different manufacturers; select intelligently the detonator best 
suited the explosive used. After conference with the manu- 
facturers detonating caps and electric detonators, standard system 
naming the these products has been selected the 
Testing Station, and has met with most hearty response. 
encouraging note that, recent trade catalogues, detonators are 
named such way enable the user determine directly the 
strength the contained charge, which decided advantage every 
user explosives and also manufacturers. 

The uniformity composition explosives (and many difficulties 
mining work and many accidents have been rightly wrongly 
attributed lack uniformity) may considered settled 
regard all those the Permissible List. One the conditions 
required every explosive that list that its composition must 
continue substantially the same the samples submitted originally for 
official test. the present, all explosives admitted the Per- 
missible List have maintained their original composition, deter- 
mined subsequent analyses samples selected from mines 
which the explosive was use, and comparison with the original 
samples. 

The data assembled the Testing Station regard particular 
explosives have also been great benefit the manufacturers. When 
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explosives tests were commenced, comparatively few explosives 
were being made the United States for which was even claimed 
the manufacturers that they were all safe the presence 
explosive mixtures gas coal dust. was evident that, without 
tests, very little knowledge the safety lack safety 
any particular explosive could ever gained, and, consequently, the 
user explosives was apt regard with incredulity any claim 
the manufacturer regard the qualities safety. Owing lack 
proof, this was most natural; and was also evident that the very 
slow process testing, which was offered study mine explosions 
during past years, was sufficient only prove the danger black 
powder, and not any way indicate the safety any the brands 
mining powder for which this property was claimed. Indeed, one 
the few explosives which the name, “safety,” was attached, the 
time the Government experiments were first undertaken, was found 
anything but safe when tested the gallery, although there 
reason believe that the makers this and other explosives claim- 
ing “safety” for their product, did not have the fullest confidence 
their safety. 

The Testing Station offered the first opportunity the United 
States obtain facts regard the danger any particular 
explosive the presence explosive mixtures gas coal dust. 
With most commendable energy, the manufacturers explosives, 
noting the early failures their powders the testing gallery, began 
the explosives when under test, and, short time, returned the 
Testing Station with improved products, able stand the severe 
tests required. this way the Testing Station has been most 
active agent increasing the general safety explosives, and the 
manufacturers have shown clearly that never was their desire 
offer inferior explosives the public, but that their failures the 
past were due solely lack information regard the action 
explosives under the conditions which exist before mine disaster. 
The chance being offered duplicate, the Testing Station, the con- 
ditiéns represented mine the presence gas, they showed 
eagerness modify and improve their explosives enable them 
answer severe mining conditions, which most commendable 
American industry. 

regard the unfavorable conditions existing mines the 
past, the same arguments may used. spite the frequency 
mine accidents the United States, and spite the high death 
rate coal mining compared with that other countries, must 
said fairness that this has been the result ignorance the 
actual conditions which produce mine explosions, rather than any 
willful disregard the known laws safety mine owners. Condi- 
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tions American mines are far different from those obtaining 
mines abroad, and, result, the rules which years experience 
had taught foreign colliery managers were not quickly applied 
conditions existing American mines; but, soon the work the 
Pittsburg Station had demonstrated the explosibility the coal dust 
from adjoining mines, and had shown the very great safety some 
explosives compared with others, there was once readiness 
the part mine owners throughout the country conditions 
their mines, and take advantage all the studies made the 
Government, thus showing clearly that the disasters the past had 
been due lack sufficient information rather that any willful 
disregard the value human lives. 

Another the indirect benefits the work the Station has 
resulted from its examination explosives for the Panama Canal. 
For several years the Isthmian Canal Commission has been one 
the largest users explosives the world, and, the purchase 
the enormous quantities required, was found necessary establish 
system careful examination and inspection. This was done 
order insure the safety the explosives delivered the Isthmus, 
and also make certain that the standards named the contract were 
being maintained all times. With its established corps chemists 
and engineers, was natural that this important work should 
taken the Technologic Branch the United States Geological 
Survey, and, during the past three years, many millions pounds 
dynamite have been inspected and samples analyzed the chemists 
connected with the Pittsburg Testing Station, thus insuring the high 
standard these materials. 

One the many ways which this work for the Canal Commis- 
sion has proved advantage shown the fact that, result 
studies the Testing Station, electric detonators are being made 
to-day which, water-proof qualities, are greatly superior any 
similar product. the improvements these detonators were made 
member the testing staff, all the pecuniary advantages arising 
fron them have gone directly the Government, which to-day 
obtaining superior electric detonators, and cost about one-third 
the price the former materials. 

All the work the Branch being carried out along 
eminently practical lines, and far removed from such work 
taken advantageously private State agencies. The 
work the Mine Accidents Division was taken primarily reduce 
the number mine accidents, and increase the general conditions 
safety mining. the work this Division has progressed, 
has been found great advantage the miner and the mine 
owner, while the ultimate results the studies will still greater 
value every consumer coal, they will insure continued supply 
this valuable product, and lower cost than the present 
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methods, wasteful alike lives and coal, had been allowed mr. 
continue for another decade. 


made personal investigation the mine disaster Cherry, 
interviewed the men who escaped the day the accident, and also 
several those who were rescued one week later. also interrogated 
the superintendent and the engineer the mine, and obtained all the 
information asked for and also the plans mine showing the 
progress the work. 

After careful investigation the writer found that the following 
conditions existed the mine the time the disaster: 


were means for extinguishing fires the 
mine. 

Second.—There were signal systems any kind. Had the 
mine been provided with electric signals and telephones, like some 
the most modern mines the United States, the majority 
the men could have been saved, getting into communication 
with the outside and working conjunction with the rescuers. 

miners had never received instructions how 

main entries and stables were lighted with open 
torches. 

organization the mine was defective some 
way, for the time the disaster orders came from every 
direction. 

air shaft was.used also hoisting shaft. 

main shaft practically reached only the 
second vein; its extension the third and deepest vein was not 
used. 

the workings the second and third veins 
were not date. The last survey recorded them was 
that June, 1909. This would have made rescue work almost 
impossible men not familiar with the mine, 

inside survey the mine was not connected with 
the outside survey. 


Would not possible for the United States Geological Survey 
enforce rules which would prevent the existence conditions such 
those mentioned? The Survey doing wonderful work, shown 
the rescue twenty miners Cherry one week after the conflagra- 
tion; but there doubt that perhaps all the men could have been 
saved telephone communications with the outside had been estab- 
lished. Telephone lines resist any kind fire, can easily 
installed, and the expense small, almost negligible when one 
siders the enormous losses suffered the mine owners and the 
families the victims. 
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PASO AND SOUTHWESTERN RAILWAY 
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Discussion.* 


has done great service the West demonstrating the practicability 
transporting small water supplies great distances. 

Close association with the desert required appreciate fully its 
waterless condition. For most the year there are living waters 
the surface. rule ground-waters are concentrated beneath 
very limited areas valley land. The great masses valley fill 
some places are underdrained great depths and other are 
compacted and cemented impervious. Wells sometimes 
are driven from 1000 2000 ft., without securing any supply all. 
Moreover, desert ground-waters are often exceedingly hard alkaline, 
and, therefore, are unfit for many uses. 

going the high mountains for supply, the author has struck 
principle wide application. many the mountains the 
Southwest there are springs and small streams excellent water. 
Often, the case discussed, very little storage required. These 
streams, however, are absorbed disappear before reaching even the 
mouths the and the problem has been convey the water 
distant cities and mining camps reasonable cost. There are 
several cities Arizona now possessing pumped water supplies, which 
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have possible gravity supplies superior quality. The writer believes 
that ultimately the gravity supplies will replace the pumping plants. 

the Bonita pipe line, wood-stave pipe was used for the gravity 
sections. other localities, where the grade the line very uni- 
form, would the case down typical clinoplain, cement pipe 
deserving consideration. would cost more than wood stave, 
would more durable, and, furthermore, need have greater 
leakage. Its cost, however, increases rapidly when built withstand 
high pressures. 

The use bran for determining velocities interest. The 
results are close accord with those obtained from the weir measure- 
ments. the measurement ground-water velocities means 
salts solution, found that the velocities different filaments 
waters are extremely variable, and quart salt solution, after 
moving forward few feet, widely dispersed. would value 
know what extent the bran was distributed during its 4-hour 
journey through the pipe line, and during how many minutes was 
being discharged the lower end the line. Was the first appear- 
ance, the average time appearance, accepted for computing the 
velocity flow? 
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writer, making studies for grade revision, found that the tractive 
power locomotive grade becomes less the length the 
grade increases, and some unknown proportion. This was practical 
confirmation the saying locomotive engineers, that the engine 
tired” long grades. well-known Western railroad, with 
which the writer familiar, experiments were made for the purpose 
rating its locomotives. The locomotives were first divided into 
classes according their tractive power, this being the 
usual rule, with factors size boiler pressure, and diam- 
eter drivers, also taking one-fourth the weight the drivers, 
and using the lesser the two results the tractive power. 

Locomotives different classes, and hauling known loads, were run 
over freight division, the cars being weighed for the purpose; thus 
the maximum load which could handled over division, differ- 
ent parts division, was ascertained, and this proportion tonnage 
tractive power was used rating all classes. 

course, this method was not mathematically accurate, the 
condition track, the weather, and the personal equation the 
locomotive engineers all had effect, but, later, when correcting the 


rating tests with dynamometers, was found that the results were 
fairly practical. 


This discussion (of Beverly Randolph, Am. Soc. E., printed 
Proceedings but not presented any meeting) printed Proceedings order that the 
views expressed may brought before all members for further discussion. 


— 


rest 
grad 
rate 

eng 
the 
tra 

mé 
0 
é 
‘ 


Papers.] LOCOMOTIVE PERFORMANCE GRADES 931 


There were three hills where the rate grade was the same 
rest the division, but where the length was much excess other 
grades the same rate. 

Designating these hills and the lengths are, respectively, 

2.44, 3.57, and 4.41 miles. There were other grades the same 

rate exceeding mile. 

one class freight engines, 10-wheel Brooks, the weight the 
engine was 197 900 tender, 132 800 weight drivers, 142 600 

boiler pressure, 200 and tractive power cylinders, 300 

Hill these engines are rated 865 tons, compared with 

945 other parts the division. the engine weighs 165 tons and 

the caboose tons, 180 tons should added, making the figures, 045 

and 1125 tons. Thus the length the grade, 2.44 miles, makes the 
tractive power 92% that shorter grades. 

Hill the rating, adding 180 tons above, 1160 and 

1230 tons, respectively, giving 94% for 3.57 miles. 

Hill the rating, with 180 tons added, 1130 and 230 tons, 
making 92% for 4.41 miles. 

Taking the same basis the author, namely, 4.7 lb. per ton, rate 

grade 20, and weight drivers, gives: 


Hill 18.078%, remainder division, 19.462% 


will noted that the author uses the weight the drivers 
the but the tractive power not directly the weight 
the drivers, some engines being over-cylindered, 
the class engines above mentioned the tractive power 23.35% 
the weight the drivers. 

The writer made study several dynamometer tests Hill 
There grade the same rate, about mile long, near this hill, 
and station near its foot, but there sufficient level grade between 
this station and the foot the hill get good start. 

All the engines the above class, loaded for Hill gained speed 
the 1-mile grade, but began fall below the theoretical speed 
point about miles from the foot the hill. This condition occurred 
when the trains stopped the station and also when they passed 
rate some miles per hour, the speed becoming less 
and less the top the hill was approached. 

The writer concludes that the author might stretch his opinion 
using heavier rates grade shorter hills than miles, and 
indeed his diagram seems intimate much, and that, for economi- 
cal operation, the maximum rate grade should reduced after 
length about miles has been reached, and more and more 
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proportion the length the hill, order that the same rating 
could applied all over division. 

This conclusion might modified local conditions, such 
important town where cars might added taken from the 
train. 

While does not seem practicable the writer what 
the reduction rate grade should be, consensus results 
operation different lengths grade might give sufficient data 
reach some conclusion the matter. 

The American Railway Engineering and Maintenance Way 
Association has Committee “Railway Economics,” which study- 
ing such matters, but far the writer knows has not given this 
question any consideration. 

The writer hopes that the author will follow this subject, and 
that other members will join, full will doubt bring 
some results question which seems highly important. 
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John Fiske Barnard was born Worcester, Mass., April 23d, 
1829. was graduated from the Bridgewater Normal School, and 
from Rensselaer Polytechnic Institute. 

November, 1850, Mr. Barnard entered the railway service. 
held various engineering and operating positions with the Grand Trunk 
Railway and its subsidiary lines Lower Canada, and served Chief 
Engineer the Grand Trunk South the St. Lawrence River for the 
last three years his connection with that road. 

May, 1869, went the Missouri Valley Railroad Superin- 
tendent and Chief Engineer. During the same year was appointed 
Chief Engineer the Kansas City-St. Joseph and Council Bluffs 
Railroad, and remained with this road and the Hannibal and St. 
Joseph Railroad (both now part the Burlington Missouri Lines), 
Chief Engineer, General Superintendent, and General Manager, 
until 1886. During this time Mr. Barnard was also President the 
Atchison Union Depot Company and the St. Joseph Union Stock 
Yards Company, Secretary and Treasurer the St. Joseph Depot 
Company, and Director various railroad companies. 

1886, Mr. Barnard was appointed President and General Man- 
ager the Ohio and Mississippi Railway, which position occupied 
until 1892. From that time until 1893, was engaged several 
reports projected railroads and appraisals industrial and railroad 
properties. 

From 1893 1898, Mr. Barnard was Receiver the Omaha and 
St. Louis (now Wabash) Railway, during part which time was 
also President the Alton Bridge Company, and Receiver the St. 
Clair-Madison and St. Louis Belt Line. 

the spring 1905 moved Los Angeles, Cal., where lived 
until February 6th, 1910, when, after illness several months, 
died his home the age years. 

Mr. Barnard was elected Member the American Society 
Civil Engineers September 1880. was also Member the 
American Geographical Society. 
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THE TIETON CANAL. 


The Tieton Project the United States Reclamation Service 
derives its water supply from the Tieton River, the State 
Washington, one the feeders the Naches, the most important 
tributary the Yakima. The Tieton River drains mountainous 
area about 250 sq. miles the east slope the Cascade Range. 
Its summer flow seldom falls low 200 sec-ft. and then only for 
short periods, while the maximum flood flow has been estimated 
from 14000 20000 sec-ft. extensive glacier-covered district 
the summit the mountain range furnishes the bulk the summer 
flow, which distinguished the turbid light green color the 
water due glacial material carried suspension. 

The Tieton Project includes some 30000 acres, mostly excellent 
semi-arid agricultural land, lying north and west the City North 
Yakima, the basin Cowiche Creek, requiring for its proper 
development artificial supply for irrigation during the summer. 

The general scheme the irrigation system simple, the supply 
being diverted from the Tieton River point some miles above 
the irrigable lands and reinforced concrete conduit 
aqueduct along the Tieton elevation sufficient permit 
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piercing the Naches Ridge tunnel deliver into the 
Cowiche Basin for distribution. The diversion the summer flow 
the Tieton River, however, necessitates the construction com- 
pensating storage the Naches River satisfy vested rights the 
Naches and Yakima Rivers, reservoir some 30000 acre-ft. being 
now under construction Bumping Lake for this purpose. 

This paper describes the main canal aqueduct along the Tieton 
several novel features design and construction likely 
interest having been adopted that work. 

The Tieton River throughout most its course flows 
approximately 2000 ft. depth. The upper portions the cafion 
walls are often vertical, and occasionally bluffs extend down the 
stream level, but, general rule, the lower slopes consist accu- 
mulated talus material, the product erosion and disintegration, the 
slopes being broken here and there bluffs outcroppings rock. 
The rock formation throughout the length the canal eruptive, 
basalts, lavas, and other volcanic matter being heaped up, intermixed 
and interstratified according varied conditions lava flow and 
eruptive activity during past ages. 

The main canal, with length about miles from the diversion 
point the river the lower extremity the tunnel through the 
Naches Ridge, encountered practically every variety material its 
course, but point excepting the extreme upper 1000 ft. was 
the formation such permit the use the ordinary type 
unlined earth canal. 

Surveys made 1905 and 1906 disclosed the fact that the greater 
part the canal would lie side-hill slopes averaging close 
60%, that is, with rise horizontal measurement 10. The 
side-hill material for the most part consisted soils and gravelly 
clays frequently intermingled with slide rock material and occasionally 
consisting wholly slide rock, the latter being the local term for 
talus large rock fragments. The earthy material the side hill 
was found generally unstable during the spring, when frost was 
coming from the ground, and this instability was later found 
particularly noticeable some the slide rock material when lubri- 
cated moisture and clay, was frequently the case. 

While originally had been hoped that ordinary unlined canal 
section open cut might used for much the work, this idea soon 
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had abandoned, and later became doubtful whether even 
ordinary concrete lining would hold the canal intact the steep side- 
hill slopes, after their tendéncy cave and slide had been made 
evident. 


ORDINARY TYPE SECTION AND LINING 
FIRST CONSIDERED FOR THE TIETON CANAL 
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SECTION EARTH AND LOOSE ROCK 


“ Line of Rock 
We Excavation 


SECTION ROCK 
Concrete lining used canal work consists generally from 
in. applied the sides and bottom the excavated 
trench, shown Fig. had been expected that this method 
construction could used, but, studies were elaborated and the 
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nature the ground was more carefully observed, grave fears were 
eutertained its practicability and economy. 

The completion the final surveys 1906 lent greater weight 
misgivings. The side-hill material situ was found 
the natural angle repose, and any considerable disturbance 
undereutting the slopes, such would necessary for this type 
would result extensive slides until new condition 
equilibrium should reached. the spring 1906 the melting 
and rains had thoroughly saturated much the upper side-hill 
material, and, the light road cuts the bottom the 
was observed that heavy sloughing and caving highly significant 
character had occurred. 

Later, was found that much the supposedly solid rock forma- 
tion was very little more stable than the earth, the material being fre- 
quently fractured and jointed every direction, with slippery clay 
seams, and disintegrating rapidly exposure the weather. 

The conclusions reached during 1906 were: 

First—That the type canal should preferably involve little 
the natural side-hill slopes 

Second.—That the canal should practically self-sustained 
structure, capable resisting considerable external earth pressure 
its upper side, and sufficiently rigid cross-section retain its 
integrity against internal hydrostatic pressures without dependence 
any support from the outside embankment. 

will once seen, engineer familiar with standard flume 
construction the West, that the flume type more nearly fulfills these 
requirements than any other, except external earth pressures, 
which not apply, besides possessing the advantage low first cost. 
Flume construction, moreover, wholly avoids the disturbance the 
slopes. The most unsatisfactory features large flume con- 
struction are obviously maintenance and periodic renewal. The 
Reclamation Service has systematically endeavored avoid temporary 
types structures, this account, unless conditions are such that 
they have incontestable economic advantage. 

the vicinity the Tieton Cafion the lumber most available for 
construction was yellow pine and fir. these, red fir was the 
more desirable because its superior durability and comparative 
freedom from warping. happened, however, that the local supply 


4 
7 
ik 
‘ 


940 THE TIETON CANAL 


red fir was insufficient for large work, and adequate supply 
would have necessitated shipments from distance, high cost. 
was estimated that pine used structure this kind would have 
average life from years, and, addition, would require heavy 
annual maintenance and renewal work. Allowing for complete renewals 
every years and necessary repair work and capitaliz- 
first cost and necessary maintenance and repair work 6%, 
appeared that pine flume, when thus capitalized, would actually 
costly permanent structure even two and one-half times great 
first cost. matter fact, careful estimates showed that well- 
built pine flume, properly supported posts founded masonry 
pedestals, would cost more than one-half much the permanent 
structure that has been built, that the early abandonment flume 
design was fully justified. 

The Reclamation Service, therefore, attempted combine some 
the advantages flume construction with the more permanent types 
working out design reinforced concrete, which alone promised 
give the lateral stiffness necessary resist both external and internal 
loadings, well reduce the undercutting the side-hill slopes 
minimum. 

The most conspicuously practical difficulties the way masonry 
construction the canal location were lack concrete materials, 
water, and working space. Gravel and sand any quantity could only 
found certain localities along the bottom the cafion. Water 
for mixing and sprinkling would have taken from the river, 
many hundreds feet below the canal location except its upper 
end, and, moreover, the transportation building materials and the 
conduct building operations the canal line would obviously 
attended with much inconvenience account the steepness the 
canon walls and the narrowness the ledge which work must 
done. 

was further apparent that reinforced canal lining capable 
resisting the stresses which would subjected and the same 
time economical the use materials the fullest extent not 
built place advantageously the canal location insure 
the necessary excellence work large scale; the other hand, 
was plain that first-class work reinforced masonry could executed 
the bottom the cafion places where there was sufficient working 
space, and water and good concrete material could had abundance. 
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The idea building the canal separate sections reinforced 
each self-contained and sufficiently rigid permit trans- 
portation and handling, was therefore conceived. Accordingly, arrange- 
were made utilize certain flats adjoining the river manu- 
facturing yards where most the conditions suitable successful 
could found and the work could all times 
systematically and rigidly. 

Those familiar with building pipes and conduits concrete will 
the advantage moulding the concrete forms placed that 
material can always deposited vertically and tamped, and subject 
uniform conditions and rigid inspection. These conditions existed 
marked degree the manufacturing yards, being one the 
prime considerations the adoption the process. 

was concluded that, the lining could made satisfactorily 
the yards, the difficulties handling and transportation could 
overcome careful organization and the selection suitable plant. 
The most serious problems solve, connection with this plan con- 
struetion, were the determination whether reinforced concrete 
shapes such these would permit handling and trans- 
portation without serious injury themselves, whether the 
could done satisfactorily that the shapes would not subsequently 
settle irregularly, and whether the joints between the shapes could 
inade satisfactory way. 

During the spring and summer 1906 several designs were pre- 
pared for conerete shapes, and later, experimental sections were built 
and tested the grounds the local office the Reclamation Service 
North The test sections were made many different 
shapes and sizes, two which are shown Plate They were 
tested, their ability stand internal stress, special apparatus 
applying internal pressures points where the resultants internal 
pressures with full conduit would fall. This testing 
apparatus consisted A-frame set inside the concrete shape with 
each leg delivering pressures obtained tightening tension rod 
passing midway between the struts and resisted yoke the outside 
the bottom the shape. This device shown Figs. and 
Plate The pressures were registered special device, and were 
noted during the period each test, the shape itself being 
the same time subjected close scrutiny and the development all 
cracks and changes diameters being measured and noted carefully. 
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The conditions which the shapes were subjected during this test 
were obviously not exactly parallel those resulting from actual field 


conditions, being impossible duplicate mechanical means the 


stresses under working conditions. The tests, however, were 
many ways much more severe than might reasonably expected 
under working conditions, and every case the pieces were tested 
failure. was found during the experiment that the shapes possessed 
considerable elasticity; that hair cracks developing 
apparently had permanent weakening effect, and that certain sec- 
tions possessed much rigidity and strength. These experimental shapes 
were cast wooden forms, and, owing the swelling these, the 
reinforced concrete cross-bars were frequently cracked the point 
where they joined the main body the shape. The test pieces were 
weakened considerable extent owing this cause. spite 
this disadvantage, however, the tests showed that, with proper care, 
reinforced shapes such these could built cheaply and 
handled safely. 

The shape that appeared the most satisfactory resisted internal 
pressures 3350 from each strut, which was more 
what the hydrostatic pressure would with the canal entirely full 
water. Under this pressure was found that the horizontal diameter 
about in., which, however, was largely recovered when the 
pressures were removed. During the application pressure some hair 
cracks could detected the face the concrete under tension, but, 
after the pressures were relieved, they wholly disappeared. The sec- 
tions were tested for external stresses due handling various ways 
such being dropped hard floor from height several inches, 
being rolled one side, and being dropped from greater and greater 
heights until they were finally broken. 

From data obtained during these tests was determined that this 
method construction promised satisfactory and economical results 
large seale, and final designs for open canal and tunnel sections 
were prepared. 

Complete plans and specifications for canal construction were made, 
and the work was advertised for contract, bids being opened 
during November, 1906. Two alternative methods bidding the 
construction were offered, one being build the lining sec- 
tions, above described, and shown Fig. and the other being 
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the older and standard method depositing concrete lining place 
the shown Fig. Only one bid was received, and that 
was based the method manufacturing and placing the concrete 
deseribed previously. 


TYPES CONSTRUCTION ADOPTED 
THE TIETON CANAL 


LONGITUDINAL SECTION 


SECTION EARTH AND LOOSE ROCK 
OPEN CANAL wa 


Dry Stone Filling 
SECTION IN ROCK 


OPEN CANAL 


Dry Stone Filling 
TUNNEL SECTION IN UNSOUND ROCK 


LONGITUDINAL SECTION 


for manufacturing and laying concrete shapes was 
awarded, and work was started during 1907. After little more than 


start had been made the contractor, the plant and work were taken 
over the Reclamation Service, and the work was comple- 


Ng 
- 
LONGITUDINAL SECTION 
3x 8 Lagging 
le, 


944 THE TIETON CANAL [Papers. 


tion the fall 1909, all work being done force account under the 
direction the engineers the Service. 

Fig. shows the typical cross-sections open canal work and 
tunnel work constructed. sections shapes which the 
lining was manufactured are uniform length (measured along the 
canal) ft., both for open canal and tunnel work. shape 
consisted slab reinforced concrete, in. thickness, moulded 
the desired shape. The reinforcement consisted corrugated 
rods placed in. from center center. open canal shape was 
stiffened 6-in. cross-bar, which had for reinforcement two 
corrugated rods. The tunnel shapes were completely cylindrical. 
The these shapes was generally composed part 
cement parts unmixed aggregates, the latter being proportioned 
give mixture dense possible. shapes were all 
cast their sides steel moulds. The moulds were made thin 
sheet-steel, riveted steel angles, and stiffened with suitable bracing 
light angle iron. The moulds for the open canal were made four 
pieces, two inside and two outside. All tunnel moulds were made six 
pieces, similar construction. All parts were light, the heaviest being 
handled easily two men. The method construction may briefly 
follows: 

points along the bottom the level spaces, each few 
acres extent, were selected and used yards for manufacturing the 
shapes. These spaces were necessarily small area, being practically 
all the space available, the cafion being generally mere gorge. 
some these points concrete material was hand, but others 
had hauled from distance. All open canal and tunnel 
lining shapes were cast these yards, the process being continued 
until each yard was filled, the necessary number shapes were cast. 
Whenever the yards were sufficiently large that storage could had 
enable the first shapes cast cured and hardened properly, 
process requiring days, before the yard was entirely filled, the manu- 
facture new shapes and the removal the finished product took 
place simultaneously, that one end the yard new shapes were 
being made, while the other end shapes were being loaded cars 
and hauled away, this being continued until all lining appurtenant 
that yard had been completed. other points, where space was 
limited, yard would filled with shapes which would then left 
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harden while work started some other point. Yards filled with 
shapes are shown Plate CIV. 

All mixing was done cubical batch mixers, each batch exactly 
filling mould, the open canal shapes containing about 0.47 cu. yd., and 
the tunnel shapes about 0.50 cu. yd. the aggregates were screened 
rotary screens and segregated into two grades gravel and one 
sand, the coarsest gravel used passing mesh. All material was 
obtained from the river bed adjacent bars, passed through crusher, 
sereened, the coarser fragments being returned the crusher. 
very wet mix was used. 

The yards for manufacturing were first cleared obstructions, such 
large rocks, fallen logs, ete., and, necessary, roughly leveled and 
staked out preparatory placing the forms moulds position. 
placing the moulds, the inside forms were first set over portable 
templet and bolted firmly together, that all shapes should have 
exactly the same inside dimensions being fitted the same templet. 
Plate CV, shows portable templet and the method setting 
the inside forms. The latter, when bolted together, were then laid 
their correct position the ground, being supported small wood 
blocks; the outside forms were then placed position, spaced in. 
outside the inner forms, and held there wooden blocking and iron 
clamps. The next step was prepare firm and correctly moulded 
base which tamp the concrete the moulds. This was obtained 
with preparation sand and plaster Paris worked the con- 
sistency mortar and tamped thickness about in. the 
bottom the mould. The top this plaster was readily brought 
smooth, even surface metal moulding irons. The plaster Paris 
quickly hardened into tough plastic mass, which wholly closed the 
bottom the mould and gave even bed which ram the con- 
crete; also prevented the leakage the finer portions the concrete 
material. 

regular gang each yard attended the setting and removal 
the forms and their subsequent cleaning and transportation other 
also the preparation the plaster Paris bases. This 
gang acquired much dexterity constant repetition the same 
process, which had performed many thousand times during the 
work. Frequently, keen rivalry existed between the gangs different 
yards how many forms could set place given time. 
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After being set up, all forms were carefully oiled the surfaces 
with which the concrete would come contact. After the bases had 
hardened sufficiently, the gang performed its share 
the process, batch being hauled from the mixer each 
shape turn ordinary bottom-dumping car, the material being 
dumped into vat placed next the form filled. The mixture 
was immediately shoveled into the mould, the steel reinforcement being 
placed intervals in. the mould was gradually filled. The 
was held place during the process with spacing bars 
proper width, which were withdrawn the gradually 
filled the mould. The mould when filled was left for short time for 
the concrete settle, being usually found that settlement about 
in. in. would take place the material gradually consolidated 
and air bubbles escaped. Before the initial set had taken place, how- 
ever, the shape was finished troweling off the top surface evenly with 
mortar and moulding with special moulding iron form 
depression around its upper edge for jointing purposes. 

The process setting forms and placing concrete and steel 
was performed with remarkable expedition and comparatively 
small number men, considering the large variety special parts 
handled, The regular gang for setting and handling the forms 
and preparing the bases consisted generally one foreman and men. 
This gang would set generally about 100 forms per day 
average cost little more than cents per form, equivalent 
about $2.20 per yd. The average cost excavating, 
handling, crushing, and screening the concrete aggregates was about 
$1.50 per cu. yd. conerete. The cost mixing and delivering the 
conerete the moulds was about cents per cu. yd. The cost 
placing the moulds, the handling and placing 
steel was about cents per cu. yd. other words, 
the total labor cost for the finished the moulds was about 
$5.05 per yd. The cost plant and supplies added about $3.20 
this figure, the latter including the cost all steel forms, mixers, 
crushers, pipes, pumps, teams, and wagons used connection with 
making the conerete for the open canal shapes. The total cost, there- 
fore, for labor, supplies, and plant for this conerete was about $8.25 
per cu. yd. 

The concrete shapes after being were left undisturbed for 
intervals from hours before the forms were removed. During 
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the weather this period was sometimes extended two 
three days. these times the top and exposed surfaces the moulds 
were covered with wet gunny-sacks prevent the occurrence sun 
the concrete. The moulds were then removed simply 
collapsing the inside centers, after removing the interior bracing, and 
then peeling off the outside forms, after unbolting them. The rein- 
the open canal shapes were left with their bottom 
form, which consisted 14-in. pine plank, place, supported its 
middle small wooden prop. The forms were stripped trained 
gang very systematic and expeditious way. part the 
removed form was carefully laid aside for reassembling, and afterward 
cleaned, oiled, repaired required, and transported fresh location 
used again. 

The when stripped invariably had clean, smooth surfaces 
with sharp edges and good Immediately after stripping, the con- 
crete was covered with gunny-sacks canvas and sprinkled continu- 
ously for period about days the warm weather. For this 
purpose complete system piping, hose, and pumps 
established each yard, and the water was delivered from the nozzles 
under good pressure, thus making the sprinkling effective. the 
larger yards many two three men sprinkling 
the conerete; this proved one the most difficult parts the 
process execute satisfactory way, owing the large areas over 
which the yards extended. spite all precautions and vigilance, 
appeared that this portion the work was perhaps executed the 
least satisfactory way. From time time, however, tests were made 
the comparative qualities the cured the yards, and 
apparently was not appreciably inferior strength toughness 
samples kept continually immersed water. 

The cost wetting and finishing the concrete for open canal 
shapes was about $1.00 per cu. yd., thus bringing the cost concrete 
$9.25 per yd. for labor, plant, and supplies for the completed 
shape, about $4.10 for each shape measuring ft. along the canal 
line, equivalent little more than $2.00 per lin. ft. canal lining 
for the open 

About steel was used for each shape, and about bbl. 
cement, each costing about $2.10 and $1.50, respectively; that the 
final cost the concrete the open canal shapes when completed and 
lying the yard ready for transportation the canal, including the 
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cost cement and steel, was about $8.00 per shape, $4.00 per ft. 
canal lining, or, reduced yardage basis, equal about $17.00 
per cu. yd. 

The costs tunnel lining were somewhat higher than the above, 
largely due the fact that the plant charges for tunnel were more 
than for open canal work, there was smaller quantity tunnel 
lining build, that the distributed plant costs were higher. The 
final cost labor, plant, and supplies 1908 for tunnel lining was 
about $11.50 per cu. yd. concrete. The gross cost, including cement 
and steel, was about $19.00 per cu. yd., about $9.50 per individual 
shape ft. long, $4.75 per lin. ft. tunnel lining. 

The foregoing figures for the costs were obtained about the end 
1908, after about one-half the work was completed and the more 
serious initial difficulties construction had been Admin- 
istration and engineering charges are included, averaging amount 


about 13%, inclusive the cost building wagon road, described 
later. 


The shapes were permitted the yards for period 


not less than days, after which they were raised from their beds 
and hauled the point where they were loaded special cars for 
delivery the canal. The process raising and hauling shown 
Fig. Plate CV. 

Before leaving the yard, all sand and plaster Paris that might 
still adhering the bottom edges the shapes was removed. This 
required only few moments’ application wire brush. The shape 
was then lifted with differential block and loaded special steel 
car shown Fig. Plate CVI. The loaded car was then pushed 
siding ready for transportation the canal. 

From each yard inclined hoists driven motors, cable- 
ways similarly operated, were used deliver the loaded shapes the 
canal location. Sometimes many two three cars were hoisted 
time, depending the length and steepness the incline. The 
loaded cars when delivered the canal location were made into 
trains four five cars and hauled horse along temporary 
track laid the canal bed the point where laying operations were 
progress. Fig. Plate CVI, shows train cars containing open 
canal shapes being hauled along the canal. Sidings suitable inter- 
vals permitted the passage empty return cars. Transportation was 
thus reduced simple and economical process, the labor cost 
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transporting and handling the shapes from the yard the canal and 
hauling along the canal being about cents per ft. lining. 

The loaded train cars was stopped the siding nearest 
the point where shape-laying was progress, each full car required 
being individually run forward unloaded; the empty cars were 
shunted the main track for final return the yard. 

special device was used for unloading the shapes from the cars, 
and handling and placing them final position the canal. This 
shown Fig. Plate CVI, consisted essentially braced 
frame iron pipe supporting overhead running 
longitudinally the canal, directly over the spot where the cars 
delivered their the there was small trolley 
carrying differential block. From the differential block was sus- 
pended the newly delivered concrete shape, and the trolley permitted 
longitudinal adjustment. adjustment was obtained 
device permitting the overhead swung from one side 
the canal the other required. The delivered shape was sus- 


pended from the differential block yoke fitting the inside 
the shape. 


The shape when delivered was first swung from the car the 
differential pulley, the empty car being immediately run back. The 
shape, hanging from the block and overhead trolley, was then run 
along the its correct position the trench, all lines and 
grades having been taken advance that final adjustment could 
made without the loss more than few moments. Various ingenious 
devices were elaborated the trained crews who performed this laying 
work, that the shape when once adjusted position was firmly held 
clamps and blocks prior the deposition the back-filling. 

The process delivering and setting these shapes was very 
interesting one, the gangs being thoroughly drilled and each man 
expert his line work. each open shape weighed about 
1800 engineers familiar with the placing heavy masses will 
realize the difficulty adjusting them accurately 
Adjustment for each shape had made for line and level, both 
laterally and longitudinally. ‘When adjusted position and care- 
fully blocked, the shape was once back-filled, the space between 
the bottom the concrete shape and the canal bed being from 
in. The back-filling material was shoveled into this space from 
the end, each shovelful being tamped with long iron rammers 
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such hardness that the shape generally began raised from its 
bed the pressure the rammed material before the ramming was 
discontinued. great deal attention was given the thorough 
tamping the back-filling directly under the shape that there 
should danger subsequent settlement. The back-filling for 
width about ft. under the shapes, therefore, was watched very 
and only selected material was used for this purpose, all 
material loamy nature being excluded. 

The back-filling around the sides the shapes was not done with 
the extreme care used the other portions, the material being shoveled 
from the top and rammed every foot two depth hand 
rammers. space about in. width, between the concrete shapes 
was left for the jointing, performed subsequently. 

The laying gang, consisting inspector, foreman, and eight 
laborers, laid average from forty fifty shapes per day 
open work, total from 100 ft. canal lining. 
The labor handling and placing the shapes was about 
per lin. ft. lining, this price including the cost all back- 
filling. 

sharp shapes moulded little narrower one side than 
the other were inserted, but when the curves were large radius 
specially moulded shapes were used, the being entirely 
taken the joints. 

The jointing, the last process, was far 
during the early mornings and the cooler weather that the con- 
would the lowest possible temperature the time the 
joints were made. During this process the portion the canal being 
jointed was covered with canvas exclude the direct rays the 
sun and keep the temperature low, the being generally 
kept wet that the temperature would lowered evaporation. 

The joints were made fine aggregate, the stones 
passing 4-in. mesh. The joint was well filled, but before the con- 
crete had its set, the surface the joint the interior 
the was seraped off and finish coat mortar was troweled 
on, that the finished surface the joint was exactly flush with 
the surfaces the adjacent shapes. The width the joints per- 
mitted any small irregularity, due the placing the shapes 
the dimensions the shapes themselves, taken without 
any jog the interior the canal. The result this jointing 
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work has been general very satisfactory, the interior the canal 
having remarkably smooth and even surface. 

The joints after completion were kept well wet until the con- 
had hardened, and whenever practicable the canal after being 
jointed was kept full water, that the joints were hardened under 
the best conditions. 

the end 1908 the average cost placing about 
ft. open canal shapes, including removal from the yards, transport- 
ing, placing, and back-filling the trench, was about $1.30 per lin. 
ft. canal lining, $2.60 per shape. The cost jointing about 
5000 ft. lining was found average about $1.00 per joint, 
per ft. The gross cost, therefore, the lining 
place, all plant and general charges, engineering, and 
administration, but excluding any canal preparation 
the canal bed, was about $5.80 per ft. finished portion the 
open canal shown Fig. Plate CVII. 

All long tunnels the canal except one (the Trail Creek Tunnel) 
were lined with reinforced concrete shapes built rings ft. length. 
There were three these tunnels having aggregate length about 
8000 ft. All were driven through lavas and basaltic formations, and, 
for the greater part their length, timbering was required, even for 
temporary support. The tunnel lining was cast yards the same 
manner the open canal lining, and the shapes were finally delivered 
the tunnel small cars. These cars were specially designed for 
lightness and compactness, that the empties could readily lifted 
from the track and stacked temporarily the tunnel pending their 
return the yards, without interference with the delivery the 
loaded cars. 

the case the open canal shapes, special mechanical devices 
were used for handling the completed shapes the point where laying 
operations were progress, and thereafter holding them place 
during back-filling. The device consisted essentially steel 
supported rollers and braced the bottom and sides the 
pleted work. The delivered shape was supported fitting 
inside and running trolley along the which 
could readily: run into position. The supporting per- 
mitted all vertical and lateral adjustment and held the shape posi- 
tion during the process back-filling its great weight and 
the cramped quarters which the men worked. 
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The back-filling was rammed into position soon each shape 
was accurately adjusted. cases where there were large cavities over 
the roof the haunches, requiring excessive quantities back- 
filling, pine logs and blocking were used fillers considerable 
extent. All back-filling the bottom and sides, however, was made 
with fragments hard rock. 

The jointing was done subsequently the manner described for 
the open canal work, the devices used being, course, modified 
suit the different conditions the tunnel work, constant drilling 
and practice the men were able lay the shapes the tunnel 
very expeditious and satisfactory manner. Alignment and grades were 
always scrupulously kept, and the back-filling could readily made 
subject constant and vigilant inspection. may remarked here 
that this method lining for small tunnels has proved very successful, 
both from economic and qualitative standpoints. 

The tunnel which was not lined this method was driven through 
about 200 ft. very hard and firm basalt, and, there seemed 
necessity for permanent arch for the roof, was decided 
omit it, general, and build lining place the usual 
methods. was found, however, that the actual cost lining and 
back-filling, which this case included only the side-walls and invert, 
exceeded the cost the complete circular lining the shape method 
previously described. was due principally the excessive 
quantities concrete required fill holes and cavities the sides 
caused irregularities blasting the tunnel. The method tunnel 
lining shapes advantageous inasmuch the costly masonry 
lining kept minimum impossible attain with the older method. 
The principal advantage the method building lining shapes, 
however, that first-class work can assured with greater certainty 
than the standard method, all masonry being built the open, and 
subject rigid inspection; the placing and back-filling are also carried 
out under much better control than possible under ordinary condi- 
tions tunnel work. The experience derived from lining the tunnels 
for the Tieton Canal has demonstrated that this method tunnel 
lining can readily used wherever tunnels moderate dimensions 


require treatment. 
The cost tunnel lining the the end 1908 was about 
$4.75 per ft. completed shapes. The cost transporting, laying, 


back-filling, and jointing tunnel shapes was found approximate 


/ 
¥ 
4 
¥ 
| 
i 
g 
| 
| 
¥ 
7 
» 


PLATE 
PAPERS, AM. SOC. 
AUGUST, 1910. 
HOPSON 
THE TIETON 


1.—A FINISHED PoRTION OPEN CANAL. 


2.—Part ALIGNMENT CANAL. 


> 


THE TIETON CANAL 


The third long tunnel, the Trail Creek Tunnel, was driven for 
almost its entire length through unusually hard blue basalt. The 
driving was effected first electric drills operated three-phase, 
60-cycle, 220-volt alternating current. the work progressed, con- 
tinual trouble was caused breakage parts these drills, the 
springs operating the rebound being particularly susceptible injury. 
Duplicate parts could only obtained after much delay. addition, 
there was much difficulty account labor, being found practically 
impossible obtain drillmen skilled the use drills. 
Ordinary drillmen would generally refuse use the apparatus, or, 
persuaded make trial, would obviously use unsympathetic 
and ineffective way. Careful study, however, the effectiveness the 
drills, even when skillfully handled, showed that very hard 
rock they were uneconomical, their penetrative power being low. 
Eventually, Temple-Ingersoll drills were substituted, and the work was 
completed with them. These drills are practically air drills driven 
electrically-operated air pump small truck. This apparatus 
was found much more effective than the drills for which 
they had been substituted, the blows being much more forcible and 
the penetration correspondingly more economical. This apparatus, 
moreover, was found far less subject injury than the electric 
drills. 

The cost driving the Trail Creek Tunnel proved much 
higher than that the other two tunnels, the corresponding figures for 
tunnel excavation being about $20 per lin. ft., spite the fact that 
little timbering was required. 

the open that is, the preparation bed for 
the shapes, was also attended with considerable difficulty 
the location the canal, the steep slopes, and the numerous 
side gullies and gorges which broke the continuity the side-hills and 
required special treatment. The line was located reduce the 
excavation minimum and also that there should the minimum 
disturbance the natural slopes the hillside. The natural slopes, 
however, were frequently steep that slope the upper side 
the canal excavation would only intersect them considerable 
distance above the canal line, that, even with the shallow cut 
required for this type construction, large quantity material 
had removed. 
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The gradient the open canal 0.00165, 8.71 ft. per mile. The 
inside diameter the reinforced lining ft. in., and the distance 
from the bottom the cross-bar the invert ft. 

The canal its capacity designed flow ft. in. depth, 
leaving clearance in. under the cross-bars. The area cross- 
section the flowing stream, therefore, 36.01 sq. ft. was esti- 
mated that the lining would have coefficient roughness 0.012 
Kutter’s formula, and the resulting velocity would 9.05 ft. per 
sec., with discharge 326 sec-ft. The canal being intended carry 
300 sec-ft., was considered that the additional allowance 
was justifiable margin safety provide for possible subsequent 
increase frictional resistance due growth within the 
conduit, perhaps roughening the interior surface. 

The gradient the tunnels 0.0045, 23.9 ft. per mile. The 
finished inside the tunnels, excepting the Trail Creek Tunnel, 
circular shape, with diameter ft. in. The depth flowing 
water the tunnel the canal capacity was estimated ft. in., 
leaving maximum clearance about in. The sectional area 
the flowing stream was estimated 26.55 sq. ft., the coefficient 
roughness being estimated the same figure considered for the 
open canal. The estimated velocity was 12.65 ft. per sec., with dis- 
charge 336 sec-ft., being intended leave somewhat higher 
margin safety than the case the open canal. 

The alignment the open canal had frequently very tortuous 
account the topography the side hills, shown Fig. Plate 
The maximum curves had radius ft., and certain points 
was necessary have reversals, even with this extreme curvature. The 
tunnels were built without curvature. actual test the hydraulic 
efficiency the canal was awaited with much interest, some doubt 
being entertained whether the completed canal would justify 
anticipations its delivery. Measurements flow made con- 
crete-lined canal Oregon early 1909 appeared indicate that 
heavy losses head due sharp curvature might expected, and, 
moreover, the retarding effect the innumerable transverse joints 
between the concrete shapes the Tieton Canal was entirely un- 
known factor. The canal was completed the fall 1909, but the 
upper few miles were subjected hydraulic test during July the 
same year. 
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During this test the quantities flowing were measured the un- 
section the canal between the head-works and the sand-gates, 
where the velocity low, measurement being taken careful current 
gaugings. The maximum quantity measured was 274 sec-ft., 
‘he water being wasted one the emergency wasteways about 
below the sand-gates, shown Fig. Plate CIX. This portion 
the lined canal was the first built, and the grades and align- 
were not well kept the portions built later. The first 
shapes that were manufactured were also placed this 
part and many respects these shapes were inferior 
quality those made later, experience and skill the operative 
foree developed. Therefore was reasonable expect that the 
qualities this part the canal might somewhat 
inferior those the other portions. 

During the tests the quantity water flowing was measured con- 
tinuously below the head-gates, and measurements down the surface 
the flowing water were taken various points the canal. There 
was much difficulty taking the latter measurements with any 
owing high velocity and erratic wave action. Precise 
measurements this kind, however, have little significance, save 
establish the mean depth the flowing water. The average 
number readings showed that, with 274 sec-ft. water flowing, 
the mean depth the lined canal was ft. in., in. less than the 
estimated depth full capacity. This shows that the equivalent 
Kutter’s would almost exactly 0.012, which the estimated 
figure. 

The observations are quoted from the statement 
Conway, Am. Soc. E., Engineer Charge: 


“The flow through the lined section was replete with anomalies, and 
did not seem obey any the common hydraulic laws. There were 
number points where the water was heaped and thrown into 
considerable turmoil without any apparent cause. These points 
regular intervals, regardless curves tangents, and, 
were somewhat more noticeable long tangents than other 
addition, there were traveling surges water which worked 
their way slowly down the canal, causing irregularity about in. 
depth from given point. There were also quickly changing high and 
low points varying between few tenths (in height) which seemed 
travel with the water, THere were places where the depth was not over 
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ft. for stretch ft., and other places similar length 
where the depth was ft. over. With the exception the extreme 


case just below the sand-box (at the intake the lined section) the 


cross-bars had minimum clearance in. While there was 
practically smoothness water surface, generally speaking, the 
water went onto all curves easily, very often heaped the inside 
instead the outside, theory requires, and usually went off the 
curves onto tangents with disturbance. The transporting 
effect this velocity was remarkable. 25-lb. rock fastened wire 
started straight down stream and rock fastened the same 
manner took two men pull back and out. attempt draw out 
pail full water nearly lost the bucket.” 


October 25th, 1909, the writer visited the completed canal 
time when test was being made the upper miles. Unfortunately, 
was impossible divert more than about 160 from the river, 
the water the lined section flowing 3.2 ft. deep. The characteristics 
the larger flow commented Mr. Conway July 4th were 
noted, however, existing considerable extent. The canal had 
evidently been constructed with too rigorous contraction its 
entrance the sand-gates, and certain points there were noted 
variations velocity and depth not readily explainable alignment 
quality work. would almost appear that, long channels 
uniform cross-section and slope, such this, high velocities 
obtain, there constant the mass flowing water 
lose and recover the equilibrium the gradient and velocity 
due the gravity, and the retarding effect frictional 
resistance overcome adjusted part local and fixed irregu- 


larities flow, and sometimes traveling surges waves such may 


always observed chutes wasteways where velocities approach 
that free falling bodies. spite these vagaries flow, has 
been demonstrated that the conduit can depended for its full 
discharge, and possibly even more. 

The water introduced was temperature little exceeding that 
freezing, and the contraction the masonry lining due low tempera- 
ture was noted number joints between the shapes, generally 
hair appreciable importance, but sometimes cracks 
much in., which developed sensible leakage. Many these 
had been caulked, and was evident that reasonably careful 
treatment would make the canal practically tight. The upper few 
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miles the conduit tested this time had been more than 
year, and had withstood successfully the test severe winter. 
due heaving frost was noticed. The principal defects, 
other than the temperature cracks above noted, were that number 
points the surface the was pitted roughened. Ap- 
parently this was due the breaking away small patches plaster- 
ing which had been applied defective the shapes when .the 
forms were first removed. This plastering, fortunately, was seldom 
used, that serious trouble from this need not anticipated. 

connection with the satisfactory coefficient flow developed 
similar shape the Umatilla Project, Oregon. This conduit 
diameter, and intended darry 300 sec-ft., the same 
quantity the Tieton Canal. The Umatilla Canal has reverse 
curvature 90°, with curves radius, which comparable 
with the most extreme curvature Tieton Canal. The Umatilla 
Canal was finished 1907, being built! plain concrete deposited 
place the usual way. The forms used construction were 10-ft. 
panels measured lengthwise the canal, and the lining was placed 
sections that length, with complete! transverse joint the end 
each section allow for temperature contraction. The forms were well 
built, and the masonry was placed with much and under vigilant 
inspection insure good workmanship and high 
properties for the channel. 

The grades were well kept, and the curves were regular and smooth, 
although the curves built actually consisted series 10-ft. 
tangents, usually the case construction this type. very 
careful test was made during 1909, the surface the flowing water 
special apparatus which practically eliminated 
wave effect disturbing factor. The quantities were gauged with 
current meter. 

was found that, with velocities 7.2 ft. per the coefficient 
discharge the Chezy formula was hbout 130, this corresponding 
with 0.014 in. Kutter’s formula. 

Both these canals being new and the difference between their 
deliveries worthy special note. Thb only explanation offered 
that the lining the Tieton being cast smooth and 
well-oiled metal moulds, has surface superior that the 
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Umatilla Canal, which was laid against ordinary dressed lumber 
forms. 

Apparently, little disadvantage, from hydraulic standpoint, has 
resulted from the innumerable transverse joints the Tieton Canal, 
and the method construction has been more favorable hydraulic 
effectiveness curves than the standard construction used Umatilla. 
the latter was noticed that, curves the same radius, the 
disturbance was much greater than the Tieton Canal. Practically, 
the only apparent advantage the latter has its hydraulic surface, 
other than the smoothness due the metal forms, that the curves 
are worked out 2-ft. tangents, while the Umatilla Canal they are 
10-ft. tangents. 

The physical difficulties attending the construction the Tieton 
Canal were considerable. The cafion was practically inaccessible before 
work was commenced, except its lower extremity, and trails 
meandering from side side, sometimes heights 800 900 ft. 
above the stream bed and sometimes necessitating dangerous fords. 

make preliminary surveys, the engineers had establish camps 
remote points, where the delivery the necessities life was 
attended with much difficulty. 

One the first steps after completing the surveys was build 
wagon road the entire length the canal along the bottom the 
This work had been almost completed the fall 1906 when 
heavy flood practically obliterated all that had been accomplished. 
Several bridges which had hardly been used were swept away, and the 
bottom lands were altered, eroded, and heaped with débris such 
extent that the topography could hardly recognized. After this 
flood had subsided, however, operations were immediately resumed, 
bridges were rebuilt, and the road was completed early 1907. 

The Reclamation Service once proceeded develop water-power 
order drive the tunnels, advantage being taken steep fall 
the river build power canal giving its lower extremity static 
head about ft. The turbine installation developed about 350 h.p., 
the turbine being belt-connected with two-stage air compressor and 
generator for lighting and power purposes. 

All this apparatus was successfully installed and housed toward the 
end 1907. Substantial camps were also built suitable points along 
the cafion. Another hydro-electric installation was made near the upper 
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the canal for operating the mixers and crushers the various 
manufacturing yards, and also for hoisting and delivering material 
and shapes the canal location. Altogether, about 600 h.p. was 
developed two power plants, most which was transformed, trans- 
mitted, and used distances for construction and lighting purposes. 

the main power station machine and blacksmith shop was 
established where all repair work was done and all steel forms, special 
mechanical devices, and even some rolling stock were manufactured 
fitted. Machine drills, lathes, rolls, drill sharpeners and other equip- 
ment were set this point, the motive power being compressed air. 
This establishment assumed quite extensive proportions the work 
developed, and was the scene much activity throughout. should 
remembered that operations remote locality necessitated 
field execution practically all repair and renewal work, much 
which under other conditions would sent distant shops. 

Time and difficulties transportation, however, did not permit 
much dependence outside help, and, except case breakage 
loss special machinery parts fittings, practically everything was 
done the 

The working season this country comparatively short, except 
for tunnel work. Operations the open can seldom carried 
before the end April, especially connection with masonry work, 
the snow lingering very late, being sheltered the depth the 
and the forest growth. are usually impassable the early 
spring. The building concrete shapes had also stopped 
the middle October, work this type being particularly susceptible 
injury frost. one occasion batch some 200 shapes 
manufactured during the end October and beginning November, 
1907, was injured such extent freezing that most them 
had destroyed. 

Labor frequently proved very difficult obtain, and more especially 
during 1907. Wages for common labor varied from $2.50 per 
day, tunnel drill men from $3.75, the working day being 
hours. was noted that the effectiveness labor invariably proved 
inverse ratio the rate wages. The laborers chiefly 
consisted so-called “white men,” being cosmopolitan collection 
native Americans, Scandinavians, and Germans, with few English. 
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The higher classes labor, such machinists, sub-foremen, and the 
like, were practically all native Americans. 

believed the writer that construction this type has not 
been used elsewhere any large scale, all. has proved 
successful method building, and may recommended for adoption 
elsewhere wherever conditions are such warrant such action. 
should remembered, however, that this type work particularly 
exacting the organization and personnel, probably requiring more 
supervision and control than the standard methods usually 
adopted. 

The engineers local charge the commencement work were 
Joseph Jacobs, Am. Soe. E., District Engineer, and 
Am. Soe E., Resident Engineer, both acting under the direction 
Henny, Am. Soe. E., Supervising Engineer, and the 
writer. The organization the work, however, was mainly built 
under the direction Mr. Swigart, then Project Engineer, 
aided able corps assistants. Much the success the 
work due the skill and ingenuity Mr. Maney, the Super- 
intendent, and Mr. Cronholm, Master The writer was 
associated with the work until the beginning 1909, after which 
was continued and completed under the direction Mr. Swigart 
Supervising Engineer and Mr. Conway, Engineer. All opera- 
tions were under the general direction Newell, Am. 
and Davis, Am. Soe. E., Chief Engineer, 
the Reclamation Service. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE RECONSTRUCTION THE PASSENGER 


INTRODUCTION. 


Early question abolishing grade crossings 
the District Columbia was under discussion for many years, and 
numerous plans were prepared with this object view. early 
1896 fell the writer’s lot assigned the duty making 
studies for the reconstruction the Baltimore and Ohio Railroad: 
Company’s yards, buildings, and lines within the District Columbia. 
that time, streets and avenues crossed the Baltimore and 
Ohio Railroad Company’s Washington and Metropolitan Branches 
the city and suburbs, only one was over under the railroad 
suitable bridge. 

None the many plans and propositions submitted seemed meet 
the views the District and National Authorities until 1900, 
plan presented the Baltimore and Ohio Railroad Company seemed 
nearer meeting the requirements than any previous scheme. 
about the same time, the Baltimore and Potomac, now the Phila- 
delphia, Baltimore, and Washington Railroad Company, submitted 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
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WASHINGTON PASSENGER TERMINAL STATION 


plans for the reconstruction its lines and terminals the southern 
section the city, which likewise met with the approval the Dis- 
trict and National Authorities. 

February 12th, 1901, Congress passed two separate Acts relating 
the reconstruction railroad lines and terminals, and the elimina- 
tion grade crossings the City Washington. One these Acts 
authorized the Baltimore and Ohio Railroad Company construct 
passenger and freight terminal Delaware Avenue and Street, E., 
with elevated approach masonry arches and retaining walls. The 
other Act authorized the Philadelphia, Baltimore, and Washington 
Railroad Company enlarge its present Sixth Street Station, 
elevate and depress its line Maryland and Virginia Avenues, and 
improve its alignment Virginia Avenue and through Garfield Park. 

two months prior, exercises commemorative 
the one hundredth anniversary the removal the seat the govern- 
ment the District Columbia were held the White House and 
Capitol. These exercises were participated the Governors the 
States well the officials the General Government and repre- 
sentatives foreign powers. The key-note this celebration was the 
improvement the District Columbia manner commensurate 
with the dignity and resources the American Nation. 

During the same period the American Institute Architects held 
its session Washington, and, result series papers read 
and that time, the Institute appointed committee 
legislation. Consultations between that committee and the Senate 
Committee resulted the Senate ordering the preparation and sub- 
mission general plan for the development the entire park 
system the District. 

The Senate Committee was authorized sit during the recess 
Congress and secure the services such experts might neces- 
sary obtain proper consideration the subject. The desirability 
comprehensive plan for the development the District Colum- 
bia, and particularly the City Washington, had long been felt 
all. This had been especially true during recent years when questions 
relating the location public buildings had considered, the 
absence approved plan either causing the postponement 
decisions resulting compromises that marred the beauty and 
dignity the National Capital. 
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March 19th, 1901, thirty-five days after the passage the above 
mentioned Acts, the sub-committee the Senate Committee met the 
representatives the American Institute Architects and agreed 
the proposition the latter that Mr. Daniel Burnham, Chicago, 
and Mr. Frederick Law Olmsted, Brookline, Mass., engaged 
experts, with authority add their number. The task was accepted 
these gentlemen, who invited Mr. Charles McKim and Mr. 
Augustus St. Gaudens, New York City, act with them the 
preparation plans. 

Director Works the World’s Columbian Exposition, held 
1898, Mr. Burnham was instrumental securing the 
adoption scheme construction which placed that exposition 
the very front rank international expositions, and, the display 
rare executive ability, brought about and maintained that effective 
co-operation architects and artists which gave American art 
new direction and tremendous impetus. 

Mr. Olmsted’s name synonymous with what best modern 
architecture. the consulting landscape architect, not 
only the vast system parks and boulevards Boston and suburbs, 
but many other cities. his inherited tastes added the highest 
training, both practical and theoretical. 

architect the Boston Library, the Rhode Island 
tol, the fence and new buildings Harvard, and other structures 
monumental character, Mr. now deceased, was recognized 
without superior among American architects, account the 
simplicity, directness, and scholarly qualities his work. 

Mr. St. Gaudens, whose recent death removed man who un- 
questionably stood first among American sculptors, the commission 
one whose criticisms had the authority law among archi- 
tects and artists. 

Immediately following the appointment this commission, 
detailed examination the topographical features the District 
Columbia was made, and preliminary plans were prepared. The com- 
mission was forced the conclusion that proper treatment the 
park system could not had without the exclusion the Philadelphia, 
Baltimore, and Washington Railroad Station from public grounds, and 
the Baltimore and Ohio Railroad from site one square distant from 
the Capitol grounds. 
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The right the Mall the Philadelphia, Baltimore, 
and Washington Railroad dates back March 23d, 1871, which 


time the local government the District Columbia granted the. 


Baltimore and Potomac Railroad Company the necessary land. This 
action was confirmed Congress May 1872. the time this 
grant was made the development this section the city was such 
that the conditions were improved the change. Inasmuch, however, 
the grant was confirmed Congress, the Railroad Company held 
the right use the property title good both law and equity. 
addition this right Congress had just passed Act permitting 
enlarge its present facilities, consideration the surrender 
certain street trackage and the elevation its tracks within the City 
Washington. 

Some time prior the appointment the above mentioned com- 
mittee, Mr. Burnham, chairman the commission, had prepared pre- 
liminary plans for the the Philadelphia, Baltimore, 
and Washington Railroad Station, above provided. After consulta- 
tion with the District sub-committee, that the Phila- 
delphia, Baltimore, and Washington Railroad Company 
station the south side the Mall remove its tracks and 
buildings from grounds. The advantages the 
proposed site were set forth with such vigor command serious 
consideration. This resulted delaying the work the terminals 
covered the two 

The commission, order make closer study the practice 
landseape architecture applied parks and public buildings, 
made trip Europe, visiting Rome, Venice, Vienna, Paris, Buda- 
pest, and London, and their suburbs. While this trip the 
sion met the President the Pennsylvania Railroad Company, who 
agreed consider the question, not moving the station the south 
side the Mall, but withdrawing entirely from that region and 
uniting with the Baltimore and Ohio Railroad Company the con- 
struction union station the site established previous legisla- 
tion for that road, provided that suitable legislation could obtained 
compensate his company for the expense such change would 
involve, and provided, also, that the approaches the new station 
made worthy the building the railroad companies proposed erect. 
Selection select site and prepare plan which would 
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provide the facilities required for conducting the business all rail- 
road companies entering Washington involved considerable thought 
and labor the part the officers the railroad companies and the 
architects. The site selected the Baltimore and Ohio Railroad for 
passenger terminal Delaware Avenue and Street received due 
consideration, and contained many desirable features. was felt, 
however, that the erection train-shed extending across Massa- 
chusetts Avenue, one the main thoroughfares the city, would 
destroy the vista, and the construction large station this point 
would place busy commercial center too near the Capitol grounds. 

Other locations for the station were suggested, especially site 
the north side Staunton Square. This location simplified the north- 
ern approach, but required longer and more expensive approach from 
the south. the consideration the various sites, the commission 
kept mind the development the park system. This seemed 
require the complete removal railroad facilities from the Mall and 
the abandonment the Baltimore and Ohio site Street. After 
due consideration the commission suggested the intersection Massa- 
chusetts and Delaware Avenues proper site. This placed the 
station the line the proposed Baltimore and Ohio development, 
but about three blocks farther from the Capitol grounds. 

This location was accepted the railroad companies the site 
for union station which would permit treatment harmony 
with the general park system, and the same time allow proper 
development the Mall. Owing the relative location the two 
railroad systems and the distance separating them, was difficult 
secure proper connecting link between them without awakening un- 
favorable sentiment. With this location, however, there seemed 
only one possible connection between the existing lines the northern 
and southern sections the city and the union station, namely, 
way First Street, E., between the Library Congress and the 


Capitol and Delaware Avenue, suggestion made some years ago but 
against which there was considerable feeling, both the construc- 
tion and the operation tunnel between two prominent public 
buildings. 

Additional were then prepared and bill was 
introduced into Congress, the session 1902-03, providing for the 
construction union station monumental design the north 
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side Massachusetts Avenue, with the necessary north and south 
approaches. This bill, supplementary some extent the Acts 
1901, but covering such changes were necessary meet the require- 
ments the companies concerned, was passed February 28th, 1903. 

general, adopted for the north approach the plans the 
Baltimore and Ohio Railroad under its Act 1901. provided for 
the abandonment the Sixth Street Station and the removal the 
tracks the Philadelphia; Baltimore, and Washington Railroad from 
the Mall; the construction the Baltimore and Ohio Railroad freight 
terminal New York and Florida Avenues, E., about one mile 
north its original location; its coal yard Square 711 adjoining 
Delaware Avenue between and Streets, and the necessary shops 
and yards east Eckington. also provided for the construction 
new connection with the Philadelphia, Baltimore, and Washing- 
ton Railroad Magruder, known the Magruder Branch. 

The problem bringing together legislation two large com- 
peting railroad lines into union station, particularly section 
Washington far developed and surrounded much sentiment, 
was not easily accomplished. ‘The people had cherished the hope for 
many years that union station might constructed, but the sug- 
gestion received encouragement from the railroad companies. 

line with the proposed treatment the park system, the front 
the station building was located 150 ft. north the intersection 
Massachusetts and Delaware Avenues. make the structure more 
imposing, the main floor elevation was fixed ft. above mean tide, 
about ft. above the original ground level. masonry founda- 
tions, this elevation, has been placed building, the highest 
point which 122 ft. in. above the floor level. 

The ground occupied the west end the building was formerly 
used the Baltimore and Ohio Railroad coal yard; the east 
end ground originally private residences; and the 
center occupies Delaware Avenue, formerly the roadbed the 
Baltimore and Ohio Railroad. 

North previously stated, the north approach for 
both companies the route selected the Baltimore and Ohio 
Railroad and covered its Act 1901, except that there has been 
marked increase the number tracks. The roundhouses and 
shops, which former legislation were located Eckington, 
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have been erected, about east, what was formerly 
known the Ivy City race-track property. this point facilities 
have been provided for caring for the rolling stock all companies 
operating trains into the union station. 

Roughly speaking, the north approach occupies Delaware Avenue 
from Massachusetts Avenue Florida Avenue. this point the 
tracks the Washington Branch the Baltimore and Ohio Railroad 
and the Philadelphia, Baltimore, and Washington Railroad curve 
the east line parallel New York Avenue and 100 ft. northwest- 
ward therefrom. Montana Avenue these lines diverge, the Wash- 
ington Branch connecting with the old line Langdon, and the 
Philadelphia, Baltimore, and Washington continuing eastward and 
joining the old line Magruder. From Florida Avenue the Metro- 
politan Branch the Baltimore and Ohio Railroad continues north- 
ward connection with the old line near University Station. 

making these changes the old lines both the Washington and 
Metropolitan Branches the Baltimore and Ohio Railroad were 
abandoned for distance about miles each. The roadbed the 
Metropolitan Branch for about half the distance, however, used 
the freight yard development. The Philadelphia, Baltimore, and Wash- 
ington Railroad Company retains all its old lines except from Maryland 
Avenue the old Sixth Street Station, and there were some slight 
changes the yard development. 

South Approach.—The south approach way double-track 
tunnel under First Street, E., from the station Massachusetts 
Avenue Street, E., from which point the line curves the 
west through private property New Jersey Avenue and Street, 
From this point with the Philadelphia, Baltimore, 
and Washington Railroad tracks Virginia Avenue near Second 
Street, W., the line open cut and viaduct. 

From Second Street and Virginia Avenue west point near 
Seventh Street elevated structure wide enough for four tracks was 
built the bed Virginia Avenue. Seventh Street the line curves 
into Maryland Avenue which has been converted into open cut 
wide enough for four tracks. Fourteenth Street the line curves 
the south connection with the new steel bridge across the 
Potomac River immediately west the site the old Long Bridge. 
The double-track connection the south used only passenger 
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line, the handling freight being prohibited the Act Congress 
except case accident, and then only for limited time. 

Virginia Avenue and Second Street, W., all tracks the 
Philadelphia, Baltimore, and Washington Railroad are 
sively for handling freight. All passenger traffic now handled over 


the Magruder Branch, the north approach the station, and through 
the tunnel the south. 


the design the station much thought was given the archi- 
tectural features. Since Greece and Rome have furnished architectural 
inspiration for many the public buildings Washington, freely 
interpreted classic may considered the recognized architecture 
these structures, and, the new station was the one gateway 
the Capital, seemed fitting that the architectural motives should 
drawn from the triumphal arches Rome. 

Some the elements entering into the design the terminal were 
unique. most cities the probable future growth and nature the 
traffic plays important part the planning passenger terminal. 
Washington has very little suburban traffic, and, will never become 
commercial center, the question providing for future growth was 
minor importance. The main problem was how care for and 
provide against abnormal conditions, which arise least once every 
four years. The handling inauguration crowds has always been 
heavy expense the railroads because they have had provide such 
elaborate temporary facilities. the other hand, provide adequate 
permanent facilities meant large expenditure, with the attendant 
heavy charges. the dilapitated condition 
the passenger facilities owned both companies, and the urgent need 
larger and better terminals, union terminal seemed show advan- 
tages over the separate stations provided for the Acts 1901. 

The layout embraces every feature and facility involved the 
construction first-class railroad, including depot building planned 
and constructed after the most modern lines, and containing every 
feature for the convenience, comfort, and pleasure the traveling 
public; the most complete and up-to-date facilities for conducting the 
business large railroad station; main power-plant for furnishing 
power every kind required for the successful operation the station 
and yards; large and completely equipped express terminal for car- 
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ing for the express business handled the Adams, Southern, and 
United States Express Companies; modern commodious roundhouse 
and shop layout for caring for repairs equipment; the most com- 
plete interlocking layout and system ever con- 
structed; one the most complete passenger equipment yards ever 
built, and track system covering yards and main tracks within the 
passenger terminal zone aggregating about miles single track. 

The head-house 626 ft. in. long and 210 ft. in. wide, exclusive 
the space taken the columns front the central pavilion 
main The front and ends are made groups semi- 
arches characteristic Roman architecture. The main portico 
central pavilion consists three arches, each ft. in. wide and 
in. high. Flanking either side are seven arches, each 
ft. in. wide and ft. in. high, while the end pavilions are com- 
posed arches ft. wide and ft. in. high. 

The west end made five arches ft. in. wide and ft. 
in. high, and one arch ft. in. wide and ft. in. high. The 
former are used exits for carriages from the carriage porch, the 
latter carry out the open portico treatment across the front. the 
east end there are five arches, ft. in. wide and ft. in. high, 
leading the open portico, two windows with arch treatment, and 
one arch, ft. wide and ft. in. high, leading pavilion. 

The east pavilion leads suite rooms for the use the 
President and the guests the Nation, the west pavilion the car- 
riage porch the west end the ticket lobby. The central and 
pavilions are connected portico loggia from ft. in. ft. 
in. wide, the portico and pavilions forming continuous covered 
porch the entire length the structure, and affording protection from 
the elements. The east and west wings the building are ft. in. 
above the floor level, and the domes over the carriage entrances are 
ft. in. above the same point. The dome over the main waiting-room 
122 ft. in. high. 

The concourse the rear the head-house 760 ft. long and 

ft. wide, exceeding nearly ft. the length the Capitol. 

covered segmental arched ceiling ft. high the center and 
ft. the springing line above the main floor. About 40% the 
ceiling area glass, the remainder artistically coffered ornamental 
plaster. The concourse divided the usual train feuce into two 
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sections, that the station side being ft. wide, and that the 
track side, ft. 

The general waiting-room has clear width 120 ft., 219 ft. 
long, exclusive the colonnades, and covered Roman barrel- 
vaulted ceiling, its highest point, exclusive coffers, being ft. above 
the floor level. The are sunken panels patterned after the 
baths Diocletian. lighted semicircular window 723 ft. 
diameter the east end, three semicircular windows the south 
side and five the north side, each ft. diameter, and the 
glass roof over the ticket lobby the west end. Imperial Rome 
her greatest did not possess hall such proportions: 

The fronts the large piers along the north side the room are 
occupied two granite drinking fountains and two telegraph booths, 
one for the Western Union and the other for the Postal Telegraph 
Company. There are similar drinking fountains front the cor- 
responding piers the south side, and the spaces front the two 
remaining piers are occupied news-stand and flower-booth. 
the south side this room there are two semicircular alcoves. The one 
near the west end the room contains public telephone station with 
exchange and fourteen booths. The near the east end con- 
tains drug store with the usual counters, cases, and soda fountain. 
For the comfort patrons, the central portion the waiting-room 
fitted with large comfortable settees, arranged provide ample 
space for circulation between them all times. 

The dining-room the east end this hall ft. wide and 100 
ft. long, and the ceiling ft. in. high. the north and south 
sides there are alcoves. which add greatly the coziness the room. 
account its location, light could obtained from the sides 
except through clerestory windows. overcome this difficulty, 
saw-tooth roof was provided, the north inclines which are glass. 
The ceiling artistically paneled, and nearly the entire area cov- 
ered with glass. 

The lunchroom ft. in. wide, 120 ft. long and has ceiling 
ft. in. high. the north side the dining-room, overlook- 
ing the concourse. The large windows the north wall and the clere- 
story windows furnish ample natural light. Like the dining-room, the 
lunchroom has the north side. 

The women’s waiting-room ft. wide and ft. long, with ceil- 
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ing ft. in. high. south the dining-room, and large 
cheerful apartment with windows opening the portico 
looking the plaza. 

The smoking-room ft. wide and ft. long, with ceiling 
ft. in. high, and the west end the general waiting-room, front- 
ing the portico. Adjacent the smoking-room found the bar- 
ber shop and shoe-shining establishment. 

The ticket lobby, ft. wide and 100 ft. long, covered semi- 
glass roof, the west end the general waiting-room, 
immediately north the smoking-room, the ceiling being about ft. 
above the floor. 

The baggage checking-room the north side the ticket lobby; 
ft. wide and about 124 ft. long, with ceiling ft. high. 
the south side are the ticket-offices, consisting Pullman ticket- 
and seven railroad ticket-offices, each which tickets over all 
railroads entering Washington can purchased. 

The bureau information and the stop-over ticket-offices are under 
the colonnade the entrance the ticket lobby, and there parcel- 
room the northwest corner the main waiting-room, having win- 
dows opening into the main waiting-room and the concourse. 

The state apartment, the extreme east end the station, con- 
sists reception-room ft. wide and ft. long with ceiling 
ft. in. above the floor, and with north and south vestibules and pri- 
vate retiring-rooms either side the main entrance. 

There are large and commodious toilet-rooms adjoining the women’s 
waiting-room the east end the station, and adjoining the barber 
shop the west end. both cases there are number pay toilets, 
fitted out the best manner with lavatories, where patrons, paying 
small fee, may obtain towel, soap, comb and brush, and hot and cold 
water. 

Statuary and complete architectural treatment 
the front elevation the station includes six stone statues and 
four eagles, the former over the central pavilion, the latter over the 
carriage entrances the east and west ends. This statuary placed 
front the great friezes over the main entrance arches and over the 
archways, and, with the inscriptions the panels between, 
have been made special architectural feature. 

Before the adoption the scheme now being executed, number 
suggestions for the subjects the statues and inscriptions were 


ih 


PLATE 
PAPERS, AM. SOC. 
AUGUST, 1910. 
STROUSE 
THE WASHINGTON TERMINAL STATION. 


LIGHTING EQUIPMENT. 


a 
q 
| 


Papers. WASHINGTON PASSENGER TERMINAL STATION 975 


secured, ranging from the explorers and discoverers this country 
the various inventors who have had most with the development 
transportation. The general architectural treatment the build- 
ing, however, was such preclude the usual portrait statues. 
make them take their place part the architecture required that 
they limited allegorical draped figures, forming simple massive 
silhouettes against the vast frieze. 

the development the complete scheme, embracing the subjects 
for the statuary, with appropriate inscriptions the intervening panels, 
Ex-President Charles Eliot, Harvard University, was consulted. 
The result appropriate and adequate treatment the decorative 
frieze over the doorway the vestibule the Capital the Nation. 

The general decorative the main entrance the build- 
ing consist six massive stone columns, two each side and one 
front each pier supporting the main arches. Upon pedestals the 
tops these columns the granite statues, about ft. high, will 
placed, those the west side the entrance representing Prometheus 
and Thales, typifying Fire and Electricity, those the east side 
Ceres and Archimedes, typifying Agriculture and while 
Freedom and Imagination are depicted the central figures. Those 
the west side represent two the great forces connected with the 
operation railroads, those the east owe much their develop- 
ment and wealth the railroads. The central figures typify the 
atmosphere freedom which the inventive imagination has been 
able accomplish such great results. 

The columns flanking the carriage entrances are surmounted 
stone eagles about high. The following inscriptions have been 
cut the three granite panels over the main entrance: 


West AND THALES). 


FIRE—GREATEST DISCOVERIES 
ENABLING MAN LIVE VARIOUS CLIMATES 
USE MANY FOODS—AND COMPEL 
THE FORCES NATURE HIS WORK 


ELECTRICITY—CARRIER LIGHT AND POWER 
DEVOURER TIME AND SPACE—BEARER 
HUMAN SPEECH OVER LAND AND SEA 

GREAT SERVANT MAN—ITSELF UNKNOWN 


THOU HAST PUT ALL THINGS UNDER HIS FEET 
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CENTRAL (FREEDOM AND IMAGINATION). 


SWEETENER HUT AND 


HOME 


BRINGER LIFE OUT NOUGHT 
FREEDOM FAIREST ALL 
THE DAUGHTERS TIME AND THOUGHT 


MAN’S IMAGINATION HAS CONCEIVED ALL 
NUMBERS AND TOOLS VESSELS 
AND SHELTERS—EVERY ART AND TRADE—ALL 
PHILOSOPHY AND POETRY AND ALL POLITIES 


THE TRUTH SHALL MAKE YOU FREE 


East AND ARCHIMEDES). 


THE FARM—BEST HOME THE FAMILY—MAIN 
SOURCE NATIONAL WEALTH—FOUNDATION 
CIVILIZED NATURAL PROVIDENCE 


THE OLD MECHANIC ARTS-—CONTROLLING NEW 


NEW HIGHWAYS FOR GOODS 


AND MEN—OVERRIDE THE OCEAN 


AND MAKE 


THE VERY ETHER CARRY HUMAN THOUGHT 


THE DESERT SHALL REJOICE 
THE ROSE 


the panels over the entrances the carriage porch and state 


AND BLOSSOM 


apartment the following inscriptions have been cut: 


THAT WOULD BRING 


HOME THE 


WEALTH THE INDIES MUST CARRY 
THE WEALTH THE INDIES WITH HIM 
MUST CARRY KNOWLEDGE WITH HIM 
WOULD BRING HOME KNOWLEDGE 


LET ALL THE ENDS THOU 


AIMST 


THY GOD’S AND TRUTH’S 


NOBLE—AND THE NOBLENESS THAT 
LIES OTHER MEN—SLEEPING BUT 


NEVER DEAD—WILL RISE 
MEET THINE 


MAJESTY 
OWN 
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WELCOME THE COMING 
SPEED THE PARTING GUEST 


VIRTUE ALONE SWEET SOCIETY 
KEEPS THE KEY ALL 
HEROIC HEARTS AND OPENS YOU 
WELCOME THEM ALL 


The scope the idea seems harmonize with the magnificent scale 
and the monumental character the building, well with the 
great play the life the Capital. 

provide proper setting for the station, plaza 940 
ft. long and 540 ft. wide, with appropriate decorations, was constructed 
front it. previously stated, the average ground level this 
vicinity was such require fill about ft. around the station 
and over large portion the space occupied the plaza. This 
naturally involved radical changes the elevations the streets 
contiguous the station and plaza. With the exception the new 
streets along the east and west ends the station, however, the 
grades new and existing streets were changed provide easy 
approaches the station. 

the original ground had slight fall toward the southwest, with 
rise toward the east, the changes toward the latter 
direction were naturally much shorter than those toward the west. 
addition the existing streets, four new ones were created, and several 
the existing ones were changed conform better the general 
plaza scheme. 

The decorations immediately front and along the sides 
the east and west carriage entrances the station consist hand- 
some stone balustrades, upon which proper intervals there are orna- 
mental iron Flanking the approaches the carriage 
porch and state apartment from the south, the end posts the balus- 
trades support ornamental iron rostral columns about ft. height 
above the pavement level. The tops these columns terminate 
spheres surmounted eagles. 

Each rostral column contains two inverted, series, are lamps en- 
closed 20-in. globes, about ft. above the street level. All other 
lamp-posts these balustrades are about ft. above the street level, 
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each containing one inverted, series, lamp enclosed globe 
in. diameter. 

Two other groups balustrades surround handsome stone fountains 
opposite the centers the east and west wings the station. Thereisa 
line ornamental iron lamp-posts, ft. high, supported granite 
pedestals, between the ends the balustrades around the fountains, 
effecting uniform treatment across the entire front the station. 
There are also lines ornamental iron lamp-posts, ft. high, arranged 
for use with lamps, around the outer edges the central 
island and plaza, and there line are lamp-posts, ft. in. 
above the plaza grade, islands inside the street-car 
tracks. Two series are lamps are suspended from cross-arm near 
the top each these lamp-posts, the centers the lamps being 
ft. above the street level. 

All stone used the decoration the plaza, except that the 
bowls the fountains, white granite, from Bethel, Vt., from the 
same quarry that used the station building. The fountain bowls 
are green granite, from Rockport, Me. The upper bowls are 
ft. diameter, and cut from single piece stone; the lower 
bowls are ft. in. diameter, the rims being made from eight 
separate pieces granite. The bottoms these bowls are re- 
conerete, and are lined with sheet lead. 

Immediately front the central pavilion, there are foundations 
for three ornamental iron flagstaffs, 110 ft. height, the ornamental 
base and decorative portions which are bronze. 
For still further decoration, Congress has appropriated $100000 
expended Columbus Memorial placed the intersection 
Massachusetts and Delaware Avenues, toward the south side 
the plaza. 

The stone balustrades immediately front and along the sides 
the east and west carriage entrances the station were furnished 
and erected the Ellis Granite Company, Northfield, Vt. The 
fountains and the balustrades around them were furnished and erected 
the Woodbury Granite Company, Hardwick, Vt. All ornamental 
ironwork the balustrades, connection with the station and 
plaza, was furnished and erected the Chicago Ornamental Iron 
Company, Chicago, 


The space between the curb line front the station and the 
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north side the central island, including that occupied street-car 
tracks, was paved with wood blocks the United States Wood Preserv- 
ing Company, New York. These blocks are in. deep, and were 
laid and grouted with hydrolene concrete base provided the 
Terminal Company. When the plaza fill has completely settled, the 
remaining roadway space will paved with sheet asphalt, and the 
space used exclusively pedestrians will provided with cement 
pavements. 

create the plaza and fill, the streets leading required 
about 750000 cu. yd. material, and least 250000 cu. yd. were 
deposited vacant property the zone the Terminal Improve- 
ments, bringing the elevation the adjoining streets. 

The construction the terminal station was not entrusted one 
general contractor, but separate contracts were made for each branch. 
This plan was adopted the interest economy construction and 
because the magnitude the Propositions were 
invited from the leading contractors the country covering the dif- 
ferent classes work, and from the bids thus received the selections 
were made. addition the economical considerations, the com- 
pany this way hoped prevent trouble with unreliable sub-con- 
tractors such are sometimes selected general contractors. With 
one two exceptions, the selections were very satisfactory, and, but 
for these, this plan would have worked out well. The principal con- 
tracts for the building were let October, 1903. 

Foundations and Granite Work.—The contract for foundations 
and masonry, cut stone, and brickwork was let the Thompson- 
Starrett Company, New York. All masonry below the finished 
street and plaza grades concrete; above these points 
stone and brickwork. The exterior walls the head-house and the 
interior walls the main waiting-room and ticket lobby are white 
granite, from quarries near Bethel, Vt., the only place present 
known where granite this color can obtained quantity. The 
interior partitions and the backing all exterior walls are local 
brick. 

The interior walls the concourse are finished white enamel 
brick with enamel terra cotta trimmings. The walls the light- 
wells and the exterior the arches the ends the main waiting- 
room are faced with white enamel and buff pressed brick. 
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burned sewer brick, laid Portland cement mortar, were used 
all arches having spans more than ft. and piers for carrying 
walls and arches. The north wall the head-house above the junc- 
tion the concourse roof hard-burned red brick. 

The concrete used the foundations and elsewhere was composed 
part Portland cement, parts bank sand, and parts crushed lime- 
stone. The mortar used setting the granite was composed part 
non-staining cement, parts slaked lime, and parts white sand. 
For pointing, the same materials were used, the proportion 
part cement, part lime putty, and parts white sand. 

The mortar used common brickwork was composed part 
Portland cement and parts sand tempered with lime paste. For 
the terra cotta and enamel brickwork the mortar was made part 
non-staining cement, part lime putty and parts white sand. The 
dressed granite ranged from 8-cut work. 

Steelwork.—The contract for the structural steelwork the station 
and concourse was let the American Bridge Company, New 
York. was essential that the setting the steelwork and 
masonry should simultaneously, the erection the steelwork 
was sub-let the Thompson-Starrett Company, the masonry con- 
tractor. All the interior consists structural steel and fire-proofing, 
including particularly the floor and partition construction, and, ex- 
cept where beams and girders are supported exterior walls, sup- 
ported steel columns carried concrete foundations. 

The steelwork special note, however, the roof the con- 
course and main waiting-room. The spans 130 ft. are common 
both roofs. The lower chords the concourse trusses are seg- 
mental arches having rise ft. The depth truss ft. The 
lower chords the main waiting-room trusses are semicircular. The 
trusses are about ft. deep. The trusses these roofs were erected 
with traveler about ft. square and more than 100 ft. high, with 
booms the corner posts for raising the load and small stiff leg 
top for guiding it. 

Roofing and Sheet-Metal Work.—The roofing, sheet-metal, and 
skylight work was furnished and erected McFarland and 
Company, Chicago, The roofs the main waiting-room and 
porch are reinforced concrete tiles, the roof the con- 
course reinforced concrete tiles and skylight construction, that 
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over the ticket lobby glass, and the remainder the area 
Ehret’s slag roofing. There are skylights various points the 
area covered slag roofing. 

The concrete tile roof construction was built follows: 
flat tiles, about in., were laid directly 
the skeleton steelwork; the entire roof surface was then covered with 
roofing felt, for the purpose providing water-tight surface; 
light angles, running longitudinally with the structure, were then 
bolted the slabs order hold the top slabs place. These 
slabs are the same general dimensions and construction, except 
that one end they are provided with projecting lip overlap 
and the other end and the sides are raised. The projecting lip over- 
laps the upper end the tile below, and the raised edges forming 
the side joints are covered with joint cap. water- 
proof compound was used the upper slabs. All flashing and other 
sheet-metal work 16-0z. copper, except the ceiling light construc- 
tion, which galvanized iron. 

plastering the station, including the cement 
plaster ceilings the carriage porch and train tunnels, was done 
McNulty Brothers, Chicago. The scagliola work the dining- 
room was also included the plastering contract, but was executed 
sub-contract the American Art Marble Company, Philadel- 
phia. King’s Windsor cement was used the mortar, and, with 
the exception the attic and the ceiling the concourse basement, 
was executed three-coat work, the last coat all cases being plaster 
Paris. 

The barrel-vaulted ceilings the main waiting-room, the alcoves 
the north and south sides the same, and the segmental arched 
ceiling the concourse, are composed sunken coffers cast 
gelatine moulds, and are suspended from the lower chords the 
steel roof trusses light channel irons and clamps various forms. 
With the exception some plaster ornamentation the ceilings 
the dining- and lunch-rooms, women’s and men’s rooms, and state 
apartments, all the work the other public rooms and offices plain. 

The faces all piers the dining-room are finished scagl- 
iola, the predominating color being light yellow. Flanking the main 
piers, and resting ornamental bases verde antique marble, are 
seagliola columns, the lower portions which are cylindrical 
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section and dark red color; the upper portions are fluted, and, 
including the capitals, are white with veins imitation 
marble. The entire scagliola work was executed skillful manner, 
and finished with very high polish. 

Perhaps the point special interest, however, and the one which 
should emphasized this paper, was the method executing the 
more difficult portions the plaster work. stated elsewhere, the 
ceiling the segmental arch having span 130 ft. 
and rise ft. The springing line the arch ft. above 
the floor level the station and concourse, and the soffit ft. 
execute this work, light traveler was constructed sufficient length 
extend across the concourse, the top contour which corresponded 
approximately with the ceiling curve. was mounted small 
wheels for the purpose permitting easy movement along the length 
the From this moving scaffold all the ceiling work the 
concourse, except the painting the plaster coffers, was executed. 

The ceiling the main waiting-room semicircular barrel- 
vaulted arch, the springing line which ft. above the waiting- 
room floor and the soffit ft. has clear span 120 ft. and 
total length 238 ft. apply the plaster ceiling such pro- 
portions necessity called for scaffold unusual size. avoid 
the expense erecting new and costly traveler, the one used the 
Thompson-Starrett Company the erection the structural steel 
was obtained. This structure was originally about ft. square and 
more than 100 ft. high. make available for the purpose, the 
top section was removed and wings about ft. wide were built 
the sides. This produced traveler about ft. deep and 
width equal the span the room. The top contour the wings 
consisted curve approximating the curve the ceiling. The 
large plaster coffers panels were raised the top this traveler 
hoisting engines, from which point the ceiling they were 
handled workmen. With this equipment, and large casting and 
modeling excellent progress was made. 

Carpentry and Hardware—The Meader Furniture Company, 
Cincinnati, Ohio, furnished and erected place all woodwork, sup- 
plied all hardware, and did all the painting and finishing wood- 
work and plaster the entire building, with the exception the 
painting and decorating the public rooms, which was done 
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Joseph Sturdy, Chicago, Ill. The woodwork included all interior 
and exterior door frames and trims, window frames, sash, and trims, 
wardrobes, and floors, except where marble and cement were used, and 
all centers and templets for masonry and terra cotta work. 

also covered the settees for all waiting-rooms, certain cases the 
ticket-offices, cases for the storage supplies, the ticket- 
agent’s office, and all furniture and fixtures the ticket-receiver’s 
office and conductors’ workroom, except the tables and desk. The 
settees the waiting-rooms are mahogany, from designs furnished 
Burnham and Company, the architects. Mahogany was also 
used all interior and exterior doors and interior trim the main 
floor. All interior woodwork above the first floor was birch finished 
mahogany. All floors were laid with first-quality clear maple. 

The painting included all outside and inside woodwork, and out- 
side and inside structural iron except that covered the orna- 
mental iron contract, together with the painting all plaster work 
except above noted. The plaster work the baggage checking- 
room, toilet-rooms, barber shop, and office entrance lobbies the 
first floor, and all and toilet-rooms the second and 
third floors, were finished with one coat hard oil and three coats 
pure white lead and linseed light yellow. All other plastered 
surfaces were painted with one coat hard oil and tinted light 
yellow with the best quality Inside and outside metal- 
work, except copper, received one coat mineral paint and two coats 
linseed oil and white lead. This includes all exposed pipes, with 
the exception steam pipes, which were taken care the heating 
contractor. 

All hardware No. statuary cast bronze metal, except springs 
and which are iron finished match the hardware. The 
hardware toilet-rooms, nickel-plated. All hardware included 
the above contract was furnished and Corbin and put 
the Meader Furniture Company. 

Cement Work.—The concrete and cement work the floors the 
concourse, the corridors the main building, the basement baggage- 
room, and the sidewalks along the front and ends the station, were 
constructed the Rudolph Blome Company, Chicago, The 
floor was laid design; the body was the usual Port- 
land cement color, and the ornamental portion was colored red the 
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use mortar stain. The corridor floors were also laid design, the 


The floor the basement baggage-room and the sidewalks along 


the front and ends the building were constructed according the 
usual practice, in. thickness, and laid 6-in. bed cinders. 
The edges all sidewalks around the building and the edges floors 
around teaming spaces are protected with angle-iron curbs, consist- 
ing 6-in. angles laid with one leg vertical, forming the edge the 
platform walk and secured the body the sidewalk iron 
clamps. The top finish all sidewalks and floors consists parts 
Portland cement and parts torpedo sand. 

The asphalt pavements the east and west basement driveways 
and the east court and carriage porch the west end were in- 
cluded the above contract, but executed the Cranford Paving 
Company, Washington, C., sub-contractor. The original speci- 
fications for asphalt roadways provided for the European 
asphalts (Seyssel, Neuchatel, but, owing their brittleness, 
and delay securing them, was considered advisable substi- 
tute Trinidad, and the contract was changed accordingly. 

Marble marble work, except the basin slabs and backs 
furnished the plumbing contractor, was furnished and set place 
the Vermont Marble Company, Proctor, Vt. The floors the 
main waiting-room and ticket lobby are 24-in. white-cornered tile 
with 6-in. red Champlain dots; those the men’s smoking-room 
and the women’s waiting-room are 15-in. white tile with 3-in. red 
Champlain dots; and those the toilet-rooms, baggage checking- 
room, telephone-room and drug store are 24-in. plain white 
tile. 

The floors the dining- and lunch-rooms and the barber shop are 
12-in. white tile; those the state reception rooms are 12-in. 
white tile with red Champlain dots intervals in. The 
floors the entrance and exit vestibules are designs using Glen 
Falls black, verde antique, red Champlain, and Vermont white. All 
white tile floors above mentioned, together with risers, treads, and land- 
ings stairways, are white Vermont marble. All partitions, backs 
and stiles toilet-rooms, and trim smoking-room and office en- 
are light cloud Vermont. 


Verde antique used base around the walls the dining-room 
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and bases for the scagliola columns. All marble work the toilet- 
rooms supported and held place nickel-plated brass rails, 
angles, braces, ete. 

Sewerage, Drainage, and Wells and Newton Com- 
pany, New York, furnished all labor and material required the 
construction all sewers and drains, the installation all piping for 
cold, hot, and drinking-water systems, and the setting all plumbing 
fixtures and appurtenances. 

The pipes for carrying wastes all kinds, laid under ground, are 
cast iron, and, except where used connection with wrought iron, 
were coated both inside and out, while hot, with coal-tar varnish. All 
suspended pipes for carrying wastes are galvanized wrought iron, 
supported, intervals not more than ft., from the beams the 
floors below which they are carried. 

All cast-iron pipe standard-weight gas, cast end, lengths 
ft., with inner and outer surfaces concentric, sound, and free from 
all defects; and all fittings were made with special reference the 
uses which they were put. All wrought iron galvanized, and 
standard weight and dimensions. The fittings were cast malle- 
able iron, the needs suggested. 

Brass pipe and fittings are used the hot- and cold-water systems, 
and copper pipe and fittings the drinking-water system. addition 
the granite drinking fountains the main waiting-room, there 
are marble fountains the women’s waiting-room and the smoking- 
room, and vitreous fountains the office corridors, all connected with 
the drinking-water system. 

All risers and concealed branches for soil, waste, down-spouts, and 
trap ventilation are galvanized wrought-iron, being 
used all water and waste pipes. There are plugged openings all 
water, vent, and waste risers each floor, addition the connec- 
tions necessary for fixtures already installed. There are hand-holes 
with screw-plugs all branches the connections with risers and 
all risers connections with sewers. 

All pipes which pass through the roof are flashed with sheet lead, 
extending not less than in. all directions from the pipes, and lead 
soil pipe, in. thick, was placed around each pipe, extending from the 
sheet lead the top the pipe and turning down in. inside. The 
sheet lead and pipe are joined wiped joint. 
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The house water supply obtained from four steel tanks 
material the attic, each having capacity 5000 gal. below 
the overflow line. Each tank has flanged steel drip-pan 
metal, in. deep and ft. larger diameter than the tank. Each 
tank has cast-iron pipe flanges proper sizes for overflow, equalizing, 
and discharge pipe connections, and each drip-pan has 1-in. drain con- 
nection. The tanks and pans received two coats red lead before 
assembling and two coats galvanic varnish inside and out after 
they were place. 

All hot-water, cold-water, soil, and waste pipes are covered with 
double layer wool felt, lap-jointed with insulating paper, with two 
coats water-proof paint, and protected canvas treated with two 
coats water-proof paint not acted cement mortar. All pipes 
the baggage-room, other rooms not provided with heat, are cov- 
ered, addition that above noted, with two 1-in. layers hair-felt 
alternating with layers tar-felt, all lap-jointed and protected with 
water-proof paint. 

All exposed pipes the ceiling the train tunnel are covered 
with double layer air-cell covering, protected with canvas impreg- 
nated with fire- and gas-proof paint, addition the covering speci- 
fied for condensation. The drinking-water pipes are covered with cork 
in. thick, bound with No. galvanized wire, and finished with hot 

All the toilet-rooms are equipped with siphon-jet, “Columbia,” water- 
closets, made the Standard Manufacturing Company; they have 
dark mahogany seats, and the cisterns, where concealed, are plain 
wood, lined with copper, and supported galvanized-iron brackets 
secured the marble backs the walls. Each cistern connected 
with the bowl rough brass flush pipe the rear the 
marble back, and nickel-plated connection with the bowl front 
the marble. Where closets are set without casings, the tanks are 
dark mahogany and are supported nickel-plated brackets. 

Vitreous porcelain-lipped urinals, made Haines, Jones, and Cad- 
bury, are placed the marble urinal stalls all toilet-rooms. These 
urinals have traps formed the bowls, and are constructed that the 
flush and drain pipes connect from the rear through the marble backs 
the stalls. They are flushed plain wood copper-lined cisterns 
supported galvanized-iron brackets, and connected with concealed 
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water supply. all cases several urinals are connected each cis- 
tern; case, however, are more than four connected 3-gal. 
tank. The wash-basins, slop-sinks, bath-room equipments, etc., were 
furnished the same firm. The basins are set marble slabs sup- 
ported nickel-plated legs and standards; case, however, are 
more than three basins set one slab where basins are set batteries. 
The basin cocks are the self-closing type, manufactured the 
Federal Company, Chicago, and are connected the hot- and cold- 
water supplies with nickel-plated brass pipe. There are key stops 
the hot- and cold-water supplies leading each basin. 

The slop-sinks are enameled-iron, combination trap, standard, 
12-in., with nickel-plated brass flushing rim, strainer, and 
double compression, combination flush and supply faucet and supply 
pipes the floor. The bath tubs are enameled iron, with zinc- 
white finish outside. The shower and needle baths are nickel-plated 
brass, with all fixtures complete. The faucets the drinking 
fountains are special, made from designs the architects. 

stated elsewhere, the general marble work all toilet-rooms 
was put the Vermont Marble Company. The basin slabs, backs, 
aprons, and sides, where required, were furnished and erected the 
plumbing contractor, blue-veined Italian marble being used. The 
slabs for single basins are in. thick, and for more than one, 
in. thick, and not less than in. wide. 

There are two electric bilge pumps pit the sub-basement 
for the purpose draining the sub-basement and the elevator pits, 
each pump being enclosed water-tight tank and capable lift- 
ing gal. per min., about ft. basement sewer. 

Heating and heating and ventilating systems 
were installed the Wells and Newton Company, New York. The 
entire building except the main waiting-room, ticket lobby, and vesti- 
bules, heated two-pipe, low-pressure, direct-steam system. The 
main waiting-room and ticket lobby are heated indirect radiation, 
fresh air being drawn through nests steam-heated coils and forced 
these rooms fans. After passing through the coils, and before 
entering the fan chamber, the air conducted through air-washers, 
order remove dust and other impurities. 

These devices consist large drums, with sheet-metal heads and 
wooden-frame bodies, covered with burlap. Beneath these drums 
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there are shallow copper-lined tanks with automatic water supply and 
overflow connections. When operation, the the 
drums revolve through the water the tanks, forming thin film 
water the mesh the burlap. The air, entering the fan 
chamber, obliged pass through the burlap covering the drums. 
doing so, the impurities are removed the film water. 
each revolution the dirt collected washed from the burlap and de- 
posited the tanks. 

The fans which force warm air into the main waiting-room and 
ticket lobby are operated 40-h.p., 200-volt, 3-phase, 60-cycle, con- 
stant-speed, Westinghouse, induction motors, speed 840 rev. per 
min. The air-washers are operated 2-h.p., 200-volt, 3-phase, 60- 
Westinghouse, induction motors, making 1700 rev. per. min. 
The coil and mixing chambers, air-washer rooms, and fresh-air intake 
are No. galvanized iron with heavy angle-iron frames. The 
fresh-air intake may closed with balanced sheet-iron damper 
when not use. 

The vestibules are heated both direct and indirect radiation. 
There are two radiators, connected with the two-pipe, low-pressure, di- 
rect-steam system, each vestibule, except the east and west ones 
the group leading the concourse, which there only one each. 
addition the radiatiors, connection made with the fan system 
used heating the main waiting-room and ticket lobby. There are 
also ten ventilating fans various parts the building. Seven 
these are the attic the east end for ventilating the serving-, 
dining-, and lunch-rooms and the toilets the east end the build- 
ing. Six them are operated 2-h.p. motors, the seventh 
h.p. motor. 

For ventilating the kitchen and other service-rooms attached 
it, there one fan, operated 10-h.p. motor the floor above. 
One fan, operated 5-h.p. motor the basement, ventilates the 
emigrants’ waiting-room and toilet the basement, and the em- 
ployees’ toilet the east end the concourse. One fan, operated 
5-h.p. motor the attic near the elevator shaft, ventilates all 
toilets the west end the building. 

All motors for the ventilating fans are the Westinghouse in- 
duction type, designed for 200-volt, 3-phase, 60-cycle current. The 
motors operating the fans for the kitchen and toilet-rooms the 
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west end have speeds 1120 rev. per. min.; all others have speeds 
1700 rev. per. min. The capacities these fans range from about 
6000 cu. ft. per min. for those operated 2-h.p. motors, 
and 80000 cu. ft. per min. for those operated the 40-h.p. motors. 

The entire building heated exhaust steam from the main 
power-house brought the station through the main steam supply 
pipe the tunnel the west wall. The pipes the station are 
supported from the main floor-beams, intervals about ft., 
expansion hangers. All risers are connected the tops the 
supply main, are provided with gate-valves, and are anchored the 
main floor line such way that all expansion shall upward. 
Steam return lines take care condensation. 

Although the system designed steam low pres- 
This Warren-Webster vacuum system, the 
various sub-divisions the heating system having corresponding sub- 
divisions the vacuum system. this arrangment one portion 
the system can closed for repairs, without interfering with 
the others. 

Two 16-in. pumps, manufactured the Knowles 
Steam Pump Company, return the condensation the power-house. 
4-in. Deane pump takes care the condensation from 
the Hot water for use throughout the building furnished 
two Toby heaters the basement. 

All radiators are the American Radiator Company’s make, 
plain unveiled steam pattern, and are controlled thermostats put 
the Johnson Service Company. All radiators are connected 
through the two-pipe system, and graded down from supply risers 
return risers, with connections set prevent trapping the 
expansion the risers. Brass shields have been placed between all 
radiators and the adjacent walls the first floor. 

All pipes connection with the heating system are covered with 
moulded asbestos sectional covering, protected canvas with 
two coats anti-flame paint tinted harmonize with the decora- 
tions the various rooms. The Toby heaters are covered with 
moulded asbestos blocks, in. thick, supported mesh wire 
netting, air space being provided between the covering and 
the heater. All steam pipes portions the building not heated are 
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covered with alternating layers tar-felt, hair-felt, and insulating 
paper, and protected canvas having two coats water-proof paint. 
The exposed pipes the train tunnel have double covering air- 
cell, protected canvas and water-proof paint. 

fire-proofing hollow tile work the station 
was furnished and set place the National Fire Proofing Com- 
pany, Pittsburg, Pa. stated elsewhere, all the floor and roof 
construction supported steelwork consisting girders and 
spaces between these beams are filled with hollow tile arches, generally 
segmental form, though some flat arches were used. All skewbacks 
are such form furnish support for the soffit tiles immediately 
beneath the lower flanges the beams. All partitions and corridor 
walls are formed tiles, and all columns not encased brickwork 
are protected the same material. 

The fire-proofing was set lime mortar tempered with Portland 
cement. may interesting note that all the fire-proofing was 
obtained from the terra cotta works few miles west Washington, 
and was very satisfactory quality. 

Pittsburg Plate Glass Company furnished all the 
glass, and did all the glazing except the skylights and ceiling 
lights placed connection with the sheet-metal work the station 
building. All exterior glass above the first floor double-thick, the 
remainder polished plate. Plate glass, either clear chipped, was 
used for all interior work the basement and first floor. the 
second and third floors plate used below the transom 
line, and double-thick above. The attic glass all double-thick. 
There are plate-glass mirrors the lavatories, barber shop, and toilet- 
rooms. All glass not held place metal wood set putty 
and secured glaziers’ tacks. 

Decorations—The general painting plaster and woodwork 
throughout the station was done the carpentry contractor. This 
applied all work above the first floor and the wood and plaster 
work the private rooms the main floor. The painting and 
decorating the public rooms, however, was done Joseph 
Sturdy, Chicago, The ceiling the main waiting-room and 
the either side are painted oil, the color being light 
gray, harmonize with the masonry side walls; the centers the 
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sunken panels are picked out gold leaf. The ribs introduced 
the ceiling intervals about ft. and the arch the west end 
this room are also decorated gold leaf. 

The decorations the dining-room are detailed from the best 
examples Pompeian work. The panels the alcoves are covered 
with evenly-woven tapestry burlap painted oil and ornamented. The 
center panels are dark red and the side panels dark green; both are 
finished with ornaments yellowish brown. The ceiling beams and 
clerestory walls are covered with decorators’ canvas painted oil 
light yellow with ornaments reds and greens. The enrichments 
plaster are gilded with gold leaf and picked out harmonizing 
colors. 

The paneled surfaces the lunch-room are covered with tapestry 
burlap painted oil and decorated with Pompeian ornament. The 
ornamental plaster gilded with gold leaf, lacquered with French 
lacquer where necessary obliterate glitter. The general color scheme 
the walls this room quite different from that the dining- 
room the colors are much lighter, the prevailing tone being light 
yellow, except that the panels are deep brownish yellow with 
corresponding contrast ornaments. The coloring the ceilings 
and clerestories the two rooms, however, very similar, 

The panels the side-walls the women’s room are covered 
with tapestry burlap painted designs greens and browns. The 
plaster ornaments are picked out gold leaf. The ceiling covered 
with decorators’ canvas painted oil and divided into panels the 
use light green border treatment with the light cream body 
the ceiling. 

The general decorative treatment the smoking-room smiliar 
that the women’s room above described, except color. The 
ceiling the ticket lobby painted light gray, including the 
plaster and the metal ceiling light frames. The ceiling the con- 
course painted oil, the color being light cream. 

The ceiling the state reception-room covered with decorators’ 
canvas, the walls with tapestry burlap, both painted oil. All 
moulded work and ornamental plaster painted oil. Caps and 
enrichments are finished gold leaf. The arched panels the west 
side the room are decorated with conventional ornament green 
and brown. The small panels this wall are worked tapestry 
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design soft colors, toned produce soft subdued effect. The 
large panels are gilded with aluminum leaf and decorated with fret 
border about in. wide, designed avoid stiffness. The pre- 
vailing colors this suite rooms are brown, dull gold, brownish 
blues, and soft reds, interwoven that one color asserts itself. 

Terra Cotta.—All exterior masonry and the interior walls and piers 
the open porticos are granite. The domes the central and 
end pavilions, the loggias connecting them, and the east portico are 
terra cotta, the texture and color being made imitation the 
surrounding granite. The section the hemispherical dome above 
the door leading the state apartment also terra cotta with 
color and texture above, but with entirely different archi- 
tectural treatment. 

The interior walls the concourse are lined with white enamel 
brick, with base, window and door trims, and cornice enamel 
terra cotta the same color. The lintels and sills windows open- 
ing the light courts, the copings the tops all brick walls 
the roof line, and the architectural features the baggage 
checking-room walls are semi-glazed terra cotta colors har- 
monize with the adjoining brickwork. The settings for two the 
clocks the and the large clock the main waiting- 
room are also terra cotta, color suit the adjoining masonry. 
The terra cotta was furnished and erected complete the Atlantic 
Terra Cotta Company, New York. 

Ornamental ornamental iron and bronzework was 
furnished and erected the Chicago Ornamental Iron Company, 
The ornamental work was made from the 
best brands soft Superior and Southern pig irons, and includes 


the train the concourse and all ornamental ironwork the: 


outside walls all the concourse, the metal-work 
holding the glass the windows the main waiting-room, portion 
the metal-work the stairs, and the grilles used connection 
with heating and ventilation. also the doors for 
cut-out boxes, pipe shafts, and dumb-waiters. 

The ornamental wrought-iron work the balustrades the 
stairways and stairwells, the stringers supporting the stairs and plat- 
forms, the wrought-iron wind bracing the large windows the 
main waiting-room, the grilles the elevator enclosures, the rolling 
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shutters the east and west concourse entrances, window 
guards, gas-pipe railings, baggage chutes, and the boiler-plate guards 
around columns the baggage-room. 

All fine ornamental iron castings were made stove-plate mould- 
ing sand. All ornamental details were specified moulded clay 
and then direct from the plaster reproduction the clay model, 
instead from wooden patterns. All ornamental ironwork the 
stairways, except railings and balustrades, painted black, the 
railings, balustrades, elevator enclosures, and ornamental iron the 
elevator cabs are finished 

The bronzework covers the thresholds openings where orna- 
mental iron frames are used, kick-plates doors public rooms the 
station, the bronze grilles the ticket-office, and the bronze racks 
front the ticket-office windows. 

Miscellaneous now called the details 
the general telegraph office, the telephone exchange, the telautograph 
systems, rest and recreation quarters for the trainmen, the cleaning 
system, the clock system, Mail facilities, and the equipment 
the dining- and lunch-rooms, kitchen, serving-room, ete. 

Telegraph telegraph lines from the north and south 
are brought the station through underground terra cotta and fiber 
ducts, the duct system extending far north the north side 
New York Avenue and south the south portal the First Street 
Tunnel. The ducts north the station are laid concrete cradle 
trench between the tracks, those south the masonry walls 
the tunnel. There are manholes intervals 300 400 ft. through- 
out the system. 

The terminal-rooms, where the cables terminate and the building 
wires begin, are the basement. One room contains the Baltimore 
and Ohio Railroad and the Western Union wires, the other the Penn- 
sylvania Railroad, Postal, and Washington Terminal wires. There 
are two motor-generator sets for supplying 60-volt, direct current 
for use the operation the Pennsylvania Railroad wires, and two 
sets for supplying 6-volt, direct current for use the operation 
the Washington Terminal local wires. These currents are stepped 
down from the 220-volt alternating current the power 

The general telegraph office the third floor the east end 
the station, and equipped with 50-jack-board and three tables. 
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The jack-board capable taking care loops 100 single 
wires. There are now loops operation, leading “A” tower, 
the north entrance the tunnel, leading “K” tower, the 
throat the train yard, and office, the concourse 
adjacent the station-master’s with “C” 
tower, the throat the coach yard, established direct con- 
nection with the main-line wires that point. 

Each table has instruments and jack-boxes, the equipment 
being sufficient accommodate men case emergencies. Con- 
nection made the station with the Western Union and Postal 
wires, that cases necessity they can pressed into service. 

Telephone Chesapeake and Potomac telephone cables 
enter the terminal property Street, from which point the 
terminal-room the station they are carried through the fiber ducts 
the telegraph conduit system. The terminal-room the base- 
ment adjacent the telegraph terminal-rooms, and contains, addi- 
tion the Chesapeake and Potomac wires, the wires the Terminal 
Company and the police and fire-alarm lines leading the police 
and fire-call boxes the station. 

The exchange adjacent the telegraph office, and contains 
four-position board capable taking care about 300 branches. 
Branches have been run from this board all parts the terminal 
property and joint coach and engine yard, having been installed 
date. addition the branches above noted, trunk-line wires be- 
longing the Pennsylvania Railroad Company are connected with 
the above board follows: One each Baltimore, Md., Wilming- 
ton, Del., and Philadelphia, Pa.; two the Potomac freight yard 
near Alexandria, Va.; two the freight yard exchange 
Street and Virginia Avenue, and one the city ticket-office. 

motor-generator set furnishes ringing current for the telephones 
case failure the main telephone office. There also 11-cell 
storage battery, for use with the telephone system, and for operating 
the motor-generator. 

Telautograph account the size the terminal 
station and train yard, and the consequent distance between the vari- 
ous offices, prompt communication would have been impossible without 
some system less troublesome than the telephone telegraph. 
meet this condition, the Gray National Telautograph Company, 
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New York, furnished and put two separate systems, one for 
reporting from “K” tower the time arrival trains, the other 
for communication between the dining-room, serving-room, and 
kitchen. 

There transmitter and pilot receiver “K” tower, and con- 
nected with there are three receivers the train fence, one the 
bureau information, one the station-master’s office, one the 
baggage-room, one the inspectors’ room for the low-level tracks, 
one the Adams Express office, and one the United States Ex- 
press office. Later, additional transmitter was placed the station- 
master’s office and connected with all receivers, for the purpose 
augmenting the service giving additional information through the 
station-master’s office. When one transmitter use the other 
locked such way prevent disturbance. The operator “K” 
tower obtains telegraphic advice regarding the movements in-bound: 
trains. The reports are then transferred the transmitter the 
operator’s handwriting, and the same instant copies the report 
appear all the receivers the system. 

the dining-room, orders are transferred the transmitter, and, 
they are written, copies appear simultaneously the receivers 
the serving-room and kitchen, thus insuring quicker service and fewer 
mistakes. 

Comfort and Convenience the most at- 
tractive features this terminal the provision made for the com- 
fort and convenience men whose duties require them enter and 
leave the terminal all hours the day night. meet this 
need, more than 20000 sq. ft. floor space the upper floors the 
east end the station have been set aside for the use employees, 
and arranged reading-room, social hall, assembly-room, bowling- 
alleys, gymnasium, and sleeping quarters. 

The furniture and equipment necessary fit these quarters 
was provided the Terminal Company, but, make the department 
semi-self-supporting, nominal charge was fixed for facilities afforded, 
and the management was placed charge the Railroad Young 
Men’s Christian Association. The charges are follows: Member- 
ship fee per annum; use beds, cents per night; use lockers, 
cents and per annum. nominal charge about half the 
regular price made for the use pool and billiard tables and 
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bowling-alleys. All other privileges, including baths 
features, are free members. 

The baths consist tub, needle, and shower, and are maintained 
exceptionally cleanly and sanitary order. The sleeping-rooms are 
equipped with iron cots, with good springs and mattresses. All facili- 
ties are open day and night, and the men are called any hour they 
may designate, clerk being continuously duty for that purpose. 
The sleeping-rooms were removed far possible from the recreation 
and social rooms, that the rest would not disturbed 
noises. The reading-room supplied with daily, weekly, and 
monthly periodicals, covering all classes reading. There are 
the tables this time about daily papers, weekly, and 
monthly magazines. 

Cleaning Dunn-Locke Vacuum Cleaning Company, 
New York, placed the basement the station building plant 
for cleaning and scrubbing the floors the offices and public rooms 
the station and concourse. consists two steam-driven air 
pumps having cylinders in. with stroke in., each 


having capacity operate renovators one time from any 
outlets. 


From the suction outlets the saturating chambers the vacuum 
machines, the basement under the east end the main waiting- 
room, there 4-in. galvanized main header line, which each 
the ten vacuum risers the head-house proper, put another 
contractor, connected. connection also made with the lines 
under the floor. exhaust line connected with the 
heating system the station. There are eight separate water lines 
connection with this system, six the concourse and two the general 
waiting-room. 

The plant discharges directly into the sewer, thus avoiding the 
necessity cleaning the collection tanks. all floors throughout the 
station there are 3-in. connections with the various risers, and 1-in. 
connections the concourse. 

The equipment furnished with this plant consists 600 ft. 1-in., 
non-collapsible, steel-ribbed hose, 50-ft. lengths, for use the 
600 ft. non-collapsible, steel-ribbed hose, 50-ft. 
lengths, for the interior the station; twelve carpet renovators; 
twelve bare-floor renovators; twelve renovators with 
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4-in. hand renovators for tapestry, furniture, twelve rubber-corner 
renovators; twelve 4-in. hard brushes for woodwork; twelve 8-in. wall 
brushes with short handles; and twelve 3-piece extension tubes. 

Clock Magneta Company, New York, installed 
the station and concourse clock system known the Magneta 
electric, consisting master-clock and ten secondary clocks. The 
master-clock the telegraph office the third floor the station. 


wound electric motor, the current for operating being 


obtained from the main power-house. the standing type, 


with mahogany and has self-winding device and 
compensation pendulum. 

the secondary clocks: there one each end the concourse, 
each having 54-ft. dial; one over the station-master’s office the 
center the concourse, with 23-ft. dial; one the transom space 
over the middle door between the ticket lobby and the carriage porch, 
having ft. 2-in. dial; one over the marble mantle the smoking- 
room; with dial; one the east end the baggage check- 
ing-room, having 5-ft. dial; one the east end the main waiting- 
room, with dial; one the east end the women’s waiting- 
room, with dial; one the west end the dining-room, with 
34-ft. dial; and one the the lunch-room, with ft. 
dial. 

The settings for all the secondary clocks are special, and were made 
from the designs the architects. The architectural treatment the 
settings harmony with the surroundings. The clocks plaster 
walls are set plaster trims. Those used connection with orna- 
mental iron are set frames that material. The smoking-room 
clock set the marble trim above the mantel bronze frame. 
The large clocks the east and west ends the concourse and the 
east end the main waiting-room are set ornamental terra cotta. 

All secondary clocks have standard electrical movements, and are 
actuated the master-clock, which not only operates the dials 
but keeps them synchronized all times. 


All clocks are operated 
half-minute intervals. 


. 


Mail Chutes and Mail Delivery Company, 
New York, furnished and put two mail chutes with collection 
boxes the office entrances, two collection boxes pedestals the 
main portico, and two collection boxes the concourse, supported 
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brackets attached the north wall the head-house. The chutes 
are glass and sheet metal held together with metal frames and 
ornamental mountings, supported position angle irons attached 
the building construction. 

The chute -the east office entrance extends from the collection 
box the main floor point about ft. above the fourth attic 
floor; that the west entrance extends point ft. above the third- 
story floor. The entire equipment bronze. The two boxes the 
bases the chutes the office entrances are finished Bower-Barff, 
harmonize with the ornamental ironwork the stairways and ele- 
vator enclosures, the remainder antique brushed brass. 

Cab order have all facilities the standard 
convenience inaugurated the construction this terminal, taxicab 
service was established the Terminal Taxicab Company replace 
the cab service operated horses the old stations. This company 
operates its cabs under contract with the Terminal Company, paying 
for its concession percentage its receipts, the same other com- 
panies individuals holding concessions the station. some 
extent, the Taxicab Company bears the same relation the Terminal 
Company that the horse-cab service did the railroad companies, 
that its operation the terminal property controlled the Terminal 
Company. 

Dining- and Lunch-Room Equipment.—The counter and stools, 
desk, and oyster-shucker the lunch-room were supplied and 
erected place William Grey and Sons, Philadelphia, Pa. The 
furniture the dining- and lunch-rooms, consisting checker’s 
desk, serving tables, dining and lunch tables, and 236 dining 
chairs, was supplied the Andrews Company, Chicago, 

The lunch counter and desk have galvanized-iron frames, 
verde antique counter tops and bases, and light cloud Vermont dados, 
the former having bronze foot-rail. The oyster-shucker has nickel- 
plated legs, and light cloud Vermont marble. The stools for 
the lunch counter have bronze standards and mahogany seats, the base 
being anchored the marble floor. All furniture the lunch- and 
dining-rooms mahogany, upholstered Spanish leather. 

Kitchen, Store, and Serving-Rooms shelving, 
tables, lockers, wardrobes, dish-racks, the kitchen, storerooms, 
and service-rooms the station, and the wire-mesh partitions and 
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window screens for these rooms were furnished the Wayne Iron 
Works, Philadelphia, Pa. The former equipment sheet metal, 
the latter galvanized-iron wire with channel-iron frames. 

The kitchen, storerooms, pastry-room, butcher shop, are the 
second floor, immediately over the state suite, and the serving-rooms 
are the main floor, adjoining the dining- and These 
rooms have been supplied with the latest and most improved cooking 
apparatus and fixtures the Duparquet, Huot and Moneuse Com- 
pany, New York, the equipment being sufficient supply the 
crowds for which Washington frequently required cater. 

for the dining- and lunch-rooms, serv- 
ing-room, and kitchen were furnished and erected the Lorillard 
Refrigerator Company, New York. The entire system comprises 
refrigerators various sizes distributed throughout the restaurant 
layout, including the east basement, lunch-room, serving-room, store- 
rooms, and kitchen, shown Table 


TABLE 1.—REFRIGERATORS WASHINGTON TERMINAL STATION. 


1 1 2 6 283 83/11 0 6 521 98 

left end, ft. 


: 
eee.” 
7 
4 
: 
q 
> 
N ; 
3 
: 
: 


1000 WASHINGTON PASSENGER TERMINAL STATION Papers. 


Refrigerators Nos. are cooled with ice, the others with 
coils connected with the brine system the refrigerating plant. The 
posed outer sheathing ash, “ship finished,” layer water-proof 
paper, tongued and grooved spruce running the opposite direction 
the outer sheathing, layer water-proof paper, boiler hair-felt, 
layer water-proof paper, tongued and grooved spruce running longi- 
tudinally, layer water-proof paper, and inner sheathing tongued 
and grooved spruce running vertically. 

The front Refrigerator No. the butcher shop, was furred 
and wire-lathed, but plastered another contractor, the doors and 
frames being set forward compensate for the thickness the lath 
and plaster. The construction Nos. and was similar those 
above described, except that mahogany, finished and paneled match 
the surrounding woodwork, was used for the exposed outer sheathing. 
No. was constructed two sheathings spruce and water-proof 
paper, and layer hair-felt in. thick, addition the wall con- 
struction the above refrigerators. Nos were constructed 
follows: Exposed outer sheathing mahogany, finished and paneled 
match the trim the surrounding woodwork, layer water-proof 
paper, boiler hair-felt, layer water-proof paper, inner sheathing 
tongued and grooved spruce, and lining copper. 

all refrigerators having special concrete floors the lower edges 
the insulating walls were covered with copper turned either 
side the walls from in., with the upper edges let into the 
wood. The floor No. was constructed follows: The general floor 
construction the room was brought level approximately in. 
cement thoroughly water-proofed, followed 1-in. boards, 
cork-pitched, layer water-proof paper with the joints well lapped and 
board cork-pitched, layer water-proof paper with the 
joints pitched, 1-in. board cork-pitched, and finished with approxi- 
mately in. cement concrete properly graded drains. The con- 
crete was then covered with hexagonal vitrified white tile, properly laid, 
with sanitary tile base around the outer walls the compartment. 
Nos. 17, 19, and the was covered with asphalt rein- 
forced with armor plate. The floors the other refrigerators were 
constructed the same manner the walls. the copper bottoms 
specified for Nos. and vitrified white tile was set water- 
proof cement. 
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The doors have solid ash frames, double rabbeted, and insulated 
the same manner the walls, except the doors No. which are 
light slide covers, and the doors Nos. 19, 20, and 21, which are 
special Lorillard lap doors. The door sills Nos. 17, 19, and are 
heavy cast iron, tinned. The inner walls the refrigerating pipe and 
coil lofts are protected against frost the use copper, tinned 
one side. The floors Nos. and are covered with cop- 
per, flashed suitable height the inner face the walls. There 
are suitable tinned-copper drip-troughs under all refrigerating pipes, 
collect moisture due condensation and drain each 
refrigerator. 

The storage compartments Nos. (except the vegetable com- 
partment), and are lined throughout with opal glass. The 
interior No. lined with clear seasoned spruce, finished and 
shellacked. The interior the vegetable compartment No. and 
tinned one side. 

The meat compartment No. has two sets hook rails and 
supporting standards, with removable tinned meat-hooks, together with 
tiers shelves constructed pipe and angle iron heavily galvanized 
after fabrication. The shelves and shelf bearers Nos. and 


are solid aluminum. There are wooden shelves for the storage 


bottled goods No. and three tiers shelves, sheet metal heavily 
tinned, No. 21. 


Soda soda fountain the drug store was furnished 
sists the fountain counter, with all necessary appurtenances, in- 
cluding carbonating apparatus the basement, and back-bar 
cooling compartment fitted the circular wall the room and over 
the window sill front which placed. 

The fountain has frontage ft. in., ft. in. deep, and 
ft. in. high. constructed white Vermont marble with 
12-in. base and 4-in. frieze verde antique. joints the body 
are covered with white marble pilasters. The counter slab in. 
thick, and such shape accommodate the syrup system. The 
refrigerator cooling compartment white Vermont marble and 
has 4-in. base and frieze verde antique. The top slab in. 
thick, and fitted over the granite window sill. 
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The two draft stands are Becker’s “Octagon” design, and are 
selected and highly polished Mexican onyx. fitted with one 
soda and two mineral water arms with brushed brass finish. The draft 
stands are provided with Becker’s duplex circulating cooler system, 
which utilizes the carbonated water cooling agent and prevents 
the water the leader pipes from becoming warm. Each draft arm 
leader pipe has independent cut-off valve, allowing the operator 
shut off the carbonated water supply from any draft arm will. 

All exposed interior work faced with white Vermont marble 
trimmed with German silver. The basins have double rein- 
forced concave bottoms, with undershot water inlets. There are eight 
1-gal. syrup containers vitrified sanitary porcelain, all fitted with 
Becker’s dripless syrup pumps Britannia metal heavily silver plated. 
All metals coming contact with the syrups are 98% pure aluminum, 
non-corrosive, and immune from the action fruit acids. There are 
also four crushed-fruit bowls and two compartments for ice 

The coolers furnished with this fountain are known Becker’s 
Reliable, and are heavy seamless drawn copper with inner linings 
pure block tin sufficient weight outlast the life the apparatus. 
The refrigeration for the fountain and cooling compartment sup- 
plied from the regular refrigeration system the station, its source 
supply being the refrigerating plant the main power-house. 

The cooling compartments are constructed six layers unlike 
materials, different densities, for retarding and dissipating the heat. 
The walls are double, each composed properly treated woods covered 
with layers moisture-proof fiber board. The air space between them 
filled with degummed flax fiber. 

the central portion the station, 
the general waiting-room supplied with abundance natural light 
through semicircular windows the north and south sides and the 
east end the room, and through the glass roof over the ticket lobby 
the west end. There are five windows the north side and three 
the south side, each 274 ft. diameter, and one the east end 
724 ft. diameter. The light admitted through the roof the ticket 
lobby the west end equivalent that received through window 
ft. wide and ft. high. Considerable light also enters through 
the vestibules the north and south sides the room immediately 
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under the semicircular windows. account the unusual size 
this room, particularly the height the ceiling, special lighting 
scheme was adopted. 

the design this room provision was made for concealing the 
lamps and other equipment for artificial lighting. This was accom- 
plished providing ten alcoves along the north and south sides 
the room immediately over the vestibules and front the 
windows, and over the drug store and telephone-room, each 293 ft. 
wide. each behind parapet, there bank especially 
constructed, inverted, series, lamps, with 
flectors about them throw the light the ceiling, whence 
reflected the floor. The original scheme called for lamps each 
aleove, divided into three lamps each. Upon making 
experiments, looking uniform distribution the light, was 
found desirable reduce the number each alcove 14, two 
groups lamps each and one making total lamps 
each side, instead 90, originally intended. 

addition the 140 lamps the north and south alcoves, was 
found necessary place lamps the west end the room and 
the east end, produce effect night similar that produced 
natural light through the large window the east end and the 
glass roof over the ticket lobby the west end the room. These 
lamps are above the colonnades, those the west being the north 
and south ends above the bureau information 
ticket-office, while those the east are distributed along the entire 
length. soften and reduce the bluish-white glare these are 
lamps, light yellow-tinted cathedral glass screens are placed over them, 
and reflectors. Although this causes loss about 15% their 
efficiency, the results are very gratifying. 

This lighting equipment, consisting 162 lamps, connected 
that several combinations can had, throwing switches many 
lamps required. addition the are lighting, there are in- 
lamps the ceiling the east colonnade and the 
ceiling the west; and floor outlets have been provided for the purpose 
placing clusters incandescent lamps the backs seats 
the central portion the room, should additional illumination 
required. 


Readings were taken with luxometer for the purpose getting 
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the results the various combinations. The tests showed that the 
corrugated reflectors and light colored ceiling produced almost perfect 
diffusion. With all lamps burning, readings taken about ft. from 
the floor gave values from 2.5 ft-candles the corners 2.3 ft- 
candles the center the room. effect this system 
lighting most pleasing when entering the station night. 
lighting equipment visible, and very few shadows light streaks 
are seen. The first impression that the room lighted slightly 
subdued natural light. 

Natural light for the ticket lobby provided glass roof over 
the entire space. The original scheme for artificial lighting contem- 
plated the use concealed lighting similar that the main waiting- 
room, but with smaller units placed groove pocket the side- 
walls this room. With this system, however, was evident that 
much light would lost through the glass roof, glass could 
found which would admit daylight freely, and the same time 
prevent the escape artificial light. After careful study and the 
necessary tests, was decided install Tungsten lamps above the 
glass ceiling. One 100-watt lamp provided for each section into 
which the ceiling divided, and each lamp has metal reflector coated 
inside with aluminum paint. The lamps are arranged four 3-wire 
circuits controlled single-pole switches permitting cutting out one- 
half the lamps without disturbing the symmetry the lighted 
panels. The illumination this room averages about 2.3 ft-candles, 
the quality the light comparing favorably with that the main 
waiting-room. The reflectors are special design, and are located 
direct the light along radial lines, both the ceiling and glass 
roof this room being curved. this installation 225 lamps are 
used, and, account their construction, are suspended vertically. 

The baggage checking-room the north side the ticket lobby 
supplied with natural light the saw-tooth roof construction, the 
north incline being glazed and the south being book tile and com- 
position roofing. addition the natural light thus admitted, con- 
siderable light enters through the windows the north wall, facing 
the concourse. insure the best results, each lamp has large 
reflector, and the hollow tile work the saw-tooth roof painted with 
white cold-water paint. These precautions have resulted destroying 


great measure color rings and shadows. The illumination this 
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room averages about 1.8 ft-candles, and, for general illumination, 
but additional light required the desks, where records 
are kept and checking done. 

Outside small amount concealed lighting the state apart- 
ment, effort was made use this method the other rooms 
the station. 

Owing the location the dining-room (being interior room 
the east end the general waiting-room), natural light could 
secured from the sides, except through clerestory windows. pro- 
vide sufficient natural light, saw-tooth roof construction similar 
that the baggage checking-room was adopted, and provide for the 
proper diffusion the light admitted, artistically coffered 
ceiling metal and glass was provided. For artificial lighting, eight 
ornamental urns are suspended from the ceiling, each which are 
twelve 100-watt lamps two circuits six lamps each. Around the 
sides the room, the faces the large piers, there are twelve 
ornamental bracket chandeliers, each which there are three 100- 
watt lamps. The alcoves the north and south sides the room 
are provided with ten ceiling fixtures, each containing three 100-watt 
lamps enclosed hemispherical holophane globes. addition this 
lighting equipment, there are thirty-nine floor outlets, which will 
permit the use electric lamps the tables, case additional 
illumination necessary. 

The lunch-room receives natural light from the clerestory windows 
and windows opening the concourse. supplied with artificial 
light six ornamental chandeliers suspended from the ceiling, each 
which there are twelve 100-watt lamps two circuits six lamps 
each, and six ceiling fixtures the alcoves along the north side, each 
containing three 100-watt lamps enclosed hemispherical holophane 
globes. 

The women’s waiting-room and toilet, and the men’s smoking-room, 
barber shop, and toilet, face the open portico extending across the 
front the station, and, having large windows, are amply supplied with 
natural light. Artificial light the women’s waiting-room fur- 
nished three ornamental chandeliers suspended from the ceiling, 
each which are twelve 100-watt lamps two circuits six 
lamps each, and nine wall brackets surmounted holophane globes 
in. diameter, each which are four 50-watt lamps. The 
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smoking-room artificially lighted two ornamental chandeliers 
and ten wall brackets similar those the women’s waiting-room. 
All the chandeliers and. wall brackets are solid bronze, finished 
verde antique. 

The state apartment faces the east portico, and well supplied 
with natural light. Artificial light supplied both concealed and 
exposed methods. the reception-room three handsome chandeliers 
are suspended from the ceiling, and each contains twelve 50-watt and 
six 100-watt lamps, and there are eight ornamental wall brackets sur- 
mounted holophane globes, each containing four 50-watt lamps. 
The main entrance the state apartment and the vestibules are 
lighted very satisfactory manner concealed incandescent lamps 
with reflectors the coves the cornice the springing line the 
arches. 

The open portico extending across the front the building, the 
east portico, and the carriage porch are artificially lighted orna- 
mental bracket chandeliers the interior faces the piers forming 
the sides the portico colonnade, and ceiling fixtures the domes 
over the central pavilion, the domes south the drug store and tele- 
phone booths, and the domes the east portico and carriage porch. 
the faces the piers the main entrance there are twenty 
bracket chandeliers, eight which contain six 125-watt and one 187- 
watt lamps each; the remaining twelve contain three 100-watt lamps 
each. the three domes over the main entrance there are ceiling 
fixtures, ft. in. diameter, each containing six 100-watt lamps. 
The ceiling fixtures the domes the east portico and the domes 
south the drug store and telephone booths are ft. in. diameter, 
and contain six 100-watt lamps each. the state entrance there are 
twelve bracket chandeliers, each containing three 100-watt lamps, and 
one dome fixture, ft. in. diameter, containing six 100-watt lamps, 
while the carriage porch has thirty-six bracket chandeliers, each con- 
taining three 100-watt lamps. the remainder the south portico 
and the east portico there are fifty-five bracket chandeliers, each 
containing three 100-watt lamps. All these fixtures are massive 
bronze, finished verde antique. The efficiency the various 
fixtures was regulated the requirements the different sections 
the portico. 


The three vestibules the south main entrance the general 
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waiting-room are lighted with fifty-four “sun-burst” fixtures attached 
the granite ceiling panels. The five north concourse vestibules 
are lighted one hundred and twenty fixtures the same design 
attached the granite ceiling the same manner. The drug store 
and telephone-room are lighted ceiling fixtures consisting 
holophane globes attached the granite ceiling brass collars 
finished brushed brass. Ordinary lamps are used the above 
fixtures. The ticket cases and counters, the show cases the drug 
store, the news-stand, and the flower booth are lighted Frink 
reflectors, arranged that the lamps are concealed much 
possible. Gem lamps are used all cases where incandescent lamps 
are specified. 

The fixtures for the offices and toilet-rooms are plain, three-light, 
brass, ceiling fixtures, painted black, the number each office depend- 
ing the size and shape the room. The lights are controlled 
flush push-buttons wood mats the walls. The corridors are 
lighted gem lamps encased 8-, 10-, and 12-in. globes, according 
their size. 

The lighting the concourse the rear the head-house required 
quite much study any other section the station, not more. 
The space covered the roof 130 ft. wide and 760 ft. long. The 
ceiling arch having span 130 ft. and rise ft.; the 
height the ceiling the center ft. above the concourse floor. 
This space used passageway between the train platforms and 
the head-house, and lighted seventy-two are lamps suspended 
about ft. below the ceiling. Before deciding the scheme 
lighting, many experiments were made. seemed desirable use 
concealed lighting, and, with this view, series, direct-current, 
lamps were placed between the ceiling and the skylight roof construc- 
tion. The scheme proved signal failure, the structural steelwork 
the trusses cast very pronounced shadows, and the ceiling glass 
that their location could hardly determined from the concourse 
floor. 

Flaming were then tried, with much better results, account 
the great volume light produced, but these lamps were abandoned 
owing the difficulty and cost maintaining them the position 
which they were placed. also produced very yellow light, 
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which was out harmony with the general colors the other parts 
the building, although claimed that this defect could have been 
remedied. serious objection concealed lighting, however, was the 
tendency flatten nullify the ornamental plaster panels the 
ceiling, particularly the central section which farthest from 
the floor. 

Large diffusers, containing four five units, were then tried, but 
were abandoned account objectionable shadows and streaks 
the ceiling, due especially the fact that the ceiling was not designed 
accommodate lighting fixtures that kind. The results would 
probably have been more satisfactory had the ceiling been designed 
permit placing the diffusers the ceiling instead below it. The 
present system was adopted after the foregoing experiments had failed 
produce satisfactory results. Each lamp equipped with clear 
inner globe and opal outer globe, but, though the lighting good, 
the glare light spots produced seventy-two lamps one room 
anything but pleasing when compared with concealed lighting. 

The train signs and track numbers over the gates the train 
fence are lighted incandescent lamps, controlled switches 
cabinets containing the mechanism for operating the time signs 
outgoing trains. The signs consist essentially two square boxes 
hoods, small one for displaying the track number and larger one 
for indicating the time departure trains. Beneath the latter there 
triangular hood with slots two sides which are placed 
slides containing the names the principal stations reached the 
given train. The small hood for displaying the track numbers 
above the larger one. Three sides the hood are glass painted 
white the back. The track number painted the face black, 
using figures in. high. night this compartment lighted with 
one 100-watt lamp. 

upper half the lower hood contains glass slide which 
the word “Depart” painted black letters in. high. the rear 
this space there are two 50-watt lamps. this slide there 
horizontal slot, in. high and in. long, behind which are three 
wheels having copper rims width permit the use 
figures in. high and in. wide, for denoting the time departure 
trains. White canvas glued over the openings order make 
them conspicuous day time; night the numbers are brought out 
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the use two 100-watt lamps. the top, and front each 
the slides indicating the points reached any particular train, two 
50-watt lamps with reflectors have been placed. the bottom each 
triangular hood over the gates there one 100-watt lamp hemi- 
spherical holophane globe. 

The lighting for the signs and the use the gateman each 
gate equal 700 watts, total watts for the thirty-two 
gates. The total lighting equipment the train fence 
about five hundred and sixty 16-c.p. lamps. 

The train platforms and umbrella sheds are lighted 187-watt 
gem lamps placed intervals ft., midway between the sup- 
porting columns along the entire length each shed. The lamps are 
suspended from the lower side the central beam forming the roof 
construction, and each equipped with prismatic reflector. 
The results are very satisfactory. 

The power wires furnishing current for the lighting are carried, 
between the power-plant and station and express building, through 
vitrified tile ducts the pipe tunnels the west retaining wall and 
under the north sidewalk Street. The pipes for elevator, water, 
and fire service, heating, refrigeration, etc., are carried supports 
suspended from embedded the concrete roofs the 
tunnels, and the vitrified ducts are built stacks along the walls, 
with manholes convenient intervals. There are forty-eight lines 
2-in. ducts between the power-house and the station, and six lines 
the express building. All wiring the buildings encased 
electro-galvanized iron pipe furnished the Safety Armorite Conduit 
Company, the smallest size being All short bends were made 
the factory and galvanized after the bending had been done. The long 
bends were made the field, but, bending, the use heat was not 
permitted. 

The high-tension distribution system for incandescent lamps and 
motors operated 2300 volts and cycles. The transformers for 
lighting purposes and sets transformers for motor circuits are served 
independent cables direct from the switch-board the power-house. 
The service cables are four eight conductors, and serve two 
four loops. All motor-driven apparatus operated from 3-phase 


lines, and all incandescent service taken from one phase the 
generator. 
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The cables conveying current north the coach yards, shops, and 
signal towers are lead-covered account dampness the ducts; 
those south the station are double-braided, the ducts being reasonably 
dry. The 2300-volt cables are insulated with varnished over 
thin layer unvulcanized rubber, and were subjected test 
7500 volts for min. between conductors and ground, after being 
submerged water for hours the factory, and 5000 volts for 
min. after being installed. conductor the are cables in- 
sulated with rubber, with varnished over all, and was re- 
quired stand test 10000 volts the factory and 8000 volts 
after installation, under the conditions mentioned above. All high- 
tension cables were supplied the General Electric Company. 

The necessary transformers, with ratio are housed 
brick and concrete vaults convenient points the basements the 
various buildings, the area covered the vaults each being 
sufficient permit changing making repairs without disturbing 
the transformers service. Each vault has asbestos-lined doors, and 
the necessary locks and keys. The doors are such size permit 
the convenient handling apparatus out the vault. 

The high-tension cables leading each transformer terminate 
set disconnecting switches attached the wall above the trans- 
former, and there are expulsion plugs between the switches and the 
transformer. The distributing panels for the low-tension feeders are 
iron cabinets attached the outside walls the vaults 
either side the doors. Connection between the transformers and 
cabinets made through iron pipe conduits. From these cabinets 
three-wire, 113-226-volt feeders are carried the distributing cabinets 
located convenient points the building, each feeder serving from 
one six distributing cabinets. 

The distributing panels are encased sheet-iron cabinets and 
equipped with three-wire buses and two-wire branches, all controlled 
knife-switches, the branch circuits being protected plug-fuses and 
buses, and the feeders type “A” fuses. switches smaller than 
25-ampere rating have been used branch circuits, smaller than 
150-ampere rating main circuits. 

All insulating joints were entirely eliminated. The neutral wire 
the branch circuits grounded the conduit system the fixture 
outlet and the cabinet, the latter copper wire 
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conduit system with each neutral wire. The neutral wire the 
feeder circuits grounded the conduit system the cabinets and 
the transformers ground-plates embedded charcoal under the 
vault floors. 

All secondary wires are insulated Okonite compound, accord- 
ance with the Navy Yard and Docks Specifications for low- 
tension wires. Feeders and tie lines are single-conductor; branch cir- 
cuits are twin-conductor. Insulation resistance tests gave results from 
three twenty times greater than called for the District Col- 
umbia regulations. 

The wiring system for the whole lighting installation, together with 
system conduits for telephone, telegraph, telautograph, and annun- 
ciator wires, was put Schulman, Cincinnati, Ohio, 
accordance with working drawings and specifications prepared the 
office the General Superintendent Motive Power the Pennsyl- 
vania Railroad Company. 

Lighting lighting fixtures the station building, ex- 
cept those used connection with concealed lighting and few used 
with Frink reflectors, were furnished and erected the Sterling 
Bronze Company, New York. All special fixtures were furnished 
complete, including wiring, sockets, globes, shades, and holders, ready 
receive the lamps. The office fixtures were furnished complete, ex- 
cept the shades, which were purchased the Terminal Company 
direct. 

All fixtures, with the exception those the offices, are cast 
brass, from special designs prepared the architects. The designs 


and styles finish were varied suit the treatment the various 


portions the structure. The sizes were arranged far possible 


permit the use standard shades and globes. The fixtures the 
offices and toilets are the ordinary designs used for such purposes, 
finished black oxide. 

The horizontal diameter each the three fixtures the state 
reception room ft. in. over all; the neat diameter ft. in. 
The center the chandelier about ft. above the floor and about 
ft. in. below the ceiling, and suspended heavy brass chain. 
The small globes around the outside are holophane glass, and the 
panels the large globe are roughed inside glass, leaded design. 

The three ceiling fixtures the domes over the central pavilion, and 
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the one the dome over the state entrance, are ft. in. diameter, 
with glass bowls ft. diameter. prevent the glass these 


been placed around them. Five fixtures this design, ft. in. 
diameter, were placed the domes the east portico, two 
the domes the south portico opposite the drug store and 
telephone room, one the barrel vault between the carriage porch and 
the ticket lobby, and one the ceiling the vestibule between the 
general waiting-room and the lunch-room. The globes these lamps 
are ft. diameter and are holophane glass. 

The fixtures the soffits the train sign hoods over the gates 
the train fence are in. diameter, and have 8-in. holophane 
bowls. 

Side fixtures are attached the faces the masonry piers, 
the state entrance, the carriage porch, and the main portico. 
The lower globes are holophane glass, and are in. diameter; 
the upper globes are clear glass, and much smaller. The canopies 
are in. diameter, and are secured the stonework expansion 
bolts. There are fixtures the same design the south and east 
porticos, the lower globes which are in. diameter, and 
holophane glass; the upper globes are clear glass. The canopies are 
in. diameter. There are fixtures the same design and con- 
struction the dining-room, the dimensions being the same those 


the south and east porticos, except the canopies, which are in. 
diameter. 


There are hanging lamps the smoking-room, the women’s 
waiting-room, the lunch-room and the dining-room. The body 
each fixture about ft. diameter, and about ft. below the 
ceiling. The bottom globe roughed inside glass four panels; 
the glass bowl in. diameter, and the upper globe clear glass. 

There are wall brackets the state reception room, the 
women’s waiting-room, and the smoking-room, which the 
holophane globes are in. diameter and the canopies in. 

The granite ceiling panels the south vestibules have fixtures, 
the north concourse vestibules 120, the east colonnade 21, and the 
west 

Each the fixtures attached the gate posts the train fence 
the concourse, for use connection with the train starting signal 
system, has two opalescent 


bowls from falling breakage, silver wire netting has 
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The alcoves the dining- and lunch-rooms and the office entrances 
have ceiling fixtures in. diameter, with 16-in. holophane globes. 
Fixtures the same design, 134 in. diameter, with 10-in. bowls, 
were placed the elevator cabs and passages around the state apart- 
ment, the former and the latter. 

the corridors the station there are 135 ceiling fixtures, the 
globes ranging from in. diameter, depending the size 
the lamps used. All the globes the corridor lamps are opalescent 
glass. 

the drug store and telephone-room there are fixtures having 
holophane globes, in. diameter. 

The fixtures the state apartment are finished rich gilt. Those 
the drug store, telephone-room, vestibules, and are antique 
brushed brass. Those the lunch-room, dining-room, women’s wait- 
ing-room, smoking-room, and all porticos and pavilions, are finished 
verde antique, Tiffany color. Those the train fence, office 
entrances, elevator cab, and corridors are all finished black oxide. 


YARD. 


The train yard, immediately north the concourse, 760 ft. wide, 
equal the length the concourse. One-half the yard 
either side the center line Delaware Avenue, which taken the 
longitudinal axis the depot and train-yard site. The tracks this 
space are divided into two groups, one section, 480 ft. wide, containing 
the stub high-level tracks, the other section, 280 ft. wide, the through 
low-level tracks, leading the First Street Tunnel. 

There are twenty high-level tracks laid singly pairs, 
Plate CX, and thirteen platforms the spaces between the tracks, 
three exclusively for handling baggage, the other ten for both passen- 
gers and baggage. the low-level section, provision has been made 
for thirteen tracks, nine which connect with the tunnel tracks, the 
other four being stub. present, only eleven tracks are laid, the 
remaining space being used temporarily for handling mail. This sec- 
tion has five platforms, each ft. wide, for both passengers and bag- 
gage. 

The platforms for the joint use passengers and baggage the 
high level are ft. wide, and the baggage platforms are ft. the 
station end the latter, there are baggage lifts for handling baggage 
between the basement baggage-room and the train platforms. The 
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south station end each platform the low level terminates 
elevator used for moving baggage between the platforms and the 
sub-basement. 

operating the high-level yard, the trains carrying heavy baggage 
use, far possible, the tracks adjacent the baggage platforms. 
this way there comparatively little interference between passen- 
gers and baggage trucks. baggage platforms were provided 
the low level, account lack space, there more interference. 
facilitate the handling baggage, having mind especially the 
great area covered and the long distances traversed, there 
are twelve electric baggage trucks, constructed the Altoona 
shops the Pennsylvania Railroad Company. The speed and power 
these trucks have effected marked saving the handling baggage. 

The high-level tracks descend northward grade 0.55% from 
the station point near Street. The low-level tracks ascend 
grade 0.8% the same point. From this point north all tracks 
northward grade 0.95% Florida Avenue. this 
point the rates grade the various tracks change; the Metropolitan 
0.7%; the coach yard 0.5%; while the Washington 
Branch the Baltimore and Ohio and the Philadelphia, Baltimore, 
and Washington Railroad continue ascend 0.95% 12th Street 
tower where summit reached. 

Umbrella tracks the train yard are not covered 
one large shed, series large sheds, but each platform has 
its individual shelter, known umbrella shed. Among the reasons 
leading the selection this kind shelter are the comparatively 
mild climate and the absence heavy snows, the cost erection and 
maintenance, their desirability account cleanliness and light, 
and because the height large shed series large sheds would 
have dwarfed the station and all other buildings the vicinity. 

The umbrella sheds are supported columns cast iron, 
about in. diameter the base, and located intervals ft. 
Each shed the high level composed bays, 690 ft. 
length, which, with the overhang along the north wall the con- 
course, gives shelter for each platform 705 ft. long. The north end 
the low-level sheds opposite those the high level, but the south 
end shortened the stairways leading from the concourse the 
low-level tracks. The roof construction the shelters economite 
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tile wood sheathing, with 5-ft. continuous skylight each side 
the center line. 

The drainage from these sheds taken care cast-iron down- 
spouts every alternate column, from which conducted sewers 
cross-drains under the tracks. 

the space occupied the high-level tracks was filled depth 
from ft. only short time before the shed construction 
began, with material ranging from sand lumps ft. diameter, 
was felt that very irregular settlement was likely take place and 
that the material would not reach its limit settlement for some 
years. For these reasons special foundations 

the track grades this section ranged from ft. above 
tide, the use wood piles was not considered prudent. Concrete 
piles seemed offer the only solution, they would not deteriorate 
the dry loose The matter was then discussed with representa- 
tives the Raymond Concrete Pile Company. After careful exam- 
ination the conditions under which the work would have done 
and guaranteed, this company refused consider the proposition for 
the reason that the Raymond pile, being conical form, depends 
largely for its sustaining power the surrounding earth. Should 


settlement occur after the pile had been driven, its efficiency would 
lost. 


The proposition was then submitted the representatives the 
Simplex Company and accepted, the sustaining power the Sim- 
plex pile depends more largely the blunt point, which the same 
diameter the shaft. The load this case was light, and any set- 
tlement the earth could harm unless there should lateral 

Two concrete piles, each about ft. long, were driven for each 
column, and, this date, two years after the station was put serv- 
ice, the alignment the sheds seems good the day the 
work was erected. Piles were not used the low section, the fill 
this portion the yard did not exceed ft. depth, and most 
was deposited about three years before the sheds were erected. 
this account, also, concrete platforms were constructed the low 
level, but wood was used the high. 

Retaining stated previously, the high-level tracks are 
grade 0.55%, descending northward point near Street, 
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while the low-level tracks are ascending grade 0.8% the 
same point. This caused difference elevation ft. the con- 
course, and required the high- and low-level tracks separated 
masonry retaining wall, extending northward from the concourse 
point near Street, where the grades practically reach the same 
elevation. 

The entire terminal site, extending from the north line the con- 
course Street, enclosed masonry retaining walls, with cross- 
walls defining the streets crossed the terminal construction. There 
also retaining wall Delaware Avenue between and Streets, 
required Act Congress, for the purpose preserving the 
east ft. this avenue public highway. All these walls have 
stone facing and Portland cement concrete backing, mixed the pro- 
portions part cement, parts sand, and parts broken limestone. 
All ashlar Mahoning sandstone, obtained from quarries West 
Virginia and Western Pennsylvania; the stone for the concrete was 
from the limestone quarries West Virginia. 

Both guy and stiff-leg derricks, best suited the conditions, were 
used handling the material for the walls. Where the structure was 
short enough covered one outfit, the guy derrick was generally 
used. For the long walls, stiff-legs were generally used, most cases 
runways permitting prompt movement along the line the work. 
Conditions beyond the control the company, however, many 
cases interfered with the logical prosecution the work, consequently, 
most the long walls were built piecemeal. 

Pipe tunnel, ft. wide and ft. high, 
the base the west retaining wall, between the station and the power- 
house, for the purpose taking care light and power wires, and 
pipes carrying steam, air, water, and hydraulic pressure between the 
power-plant and the station. Street was necessary depress 
the tunnel pass under the street; and, account the under- 
ground trolley tracks, its height had reduced ft. 

branch tunnel, ft. wide and ft. high, was constructed under the 
north sidewalk Street, which place the wires and pipes lead- 
ing the express building. This tunnel was constructed part 
the foundation the north abutment the Street Bridge. The wires 
are cared for terra cotta conduits built against the sides the tun- 
nel; the pipes are supported beams built the roofs. the large 
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tunnel were built the soffit the arch intervals ft., 
the lower flanges projecting sufficient distance below the soffit per- 
mit clamping the pipe racks them. used the roof 
the small tunnel lieu 

Concrete large quantities concrete were required 
the construction the north approach the Union Station, rather 
elaborate plants were put for mixing it. The first masonry built 
was the train-shed section, hence the first mixing plant was erected 
that section. 

point near the intersection Street and the east terminal 
line 5-ft. cubical mixer was placed, height about ft. above 
the ground. About 100 ft. distant pit ft. wide, ft. long, and 
ft. deep was provided. standard-gauge tracks were laid across 
this pit and for distance several hundred feet beyond. One track 
was used for handling and storing stone, the other for sand. 

cement house having 2500 bbl. was built near the 
pit. narrow-gauge track, extending from the bottom the pit 
point above the mixer, delivered sand, stone, and cement the 
latter. The crushed stone and sand were delivered the ground 
steel hopper cars. The storage tracks were laid grade sufficient 
permit the movement cars gravity. 

The operation this plant was follows: The stone and sand 
cars being placed over the pit, the material was dumped from the cars 
into hoppers beneath the tracks. specially designed car, holding, 
when full, sufficient material for one batch concrete, was placed 
first under the stone hopper and the requisite quantity stone allowed 
run in. The car was then moved the sand hopper, from which 
the necessary sand was obtained. The cement was then added. The 
proper proportions ingredients were determined metal strips 
placed the sides_of the car from actual measurements. 

After receiving the proper quantities sand, stone, and cement, 
the car was drawn the incline point over hopper 
above the mixer, and there dumped automatically and allowed re- 
turn the pit. material was then dropped from the hopper 
into the mixer. The necessary water was added automatic 
device which could regulated according the condition the sand 
and 


The power for operating the mixer and for hauling the material 
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the incline was furnished the same boiler. When the batch 
was properly mixed was dumped into bucket truck car, and 
conveyed horses the point where was used. The actual 
time required mix batch after the material had been placed 
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the mixer was less than min. ‘The capacity this plant when 
operated under normal conditions was about 350 cu. yd. per day 
hours. 

Another mixer the same size and make, and set and operated 
the same manner, was located near the intersection Street 
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and the west terminal wall, but, instead pit, the foregoing 
plant, there was double-track trestle 220 ft. long, under which 
bins for stone and sand were provided. Beneath it, and extending its 
entire length, were two subways, each ft. square, which narrow- 
gauge tracks were laid for handling material. One line bins was 
used for stone, the other for sand. 

Near the trestle cement house was constructed such manner 
permit the delivery bags cement chute. The cars 
for delivering material the mixer were divided into two compart- 
ments, for sand and stone, respectively. operating this plant, the 
were first passed under the sand-bins, from which the requisite 
quantity sand was delivered the sand compartment through 
apertures placed regular intervals the bottom the bins. The 
cars were then pushed hand the extreme end the subway and 
upon transfer table, which they were moved laterally the line 
track under the stone-bins. The necessary stone was then delivered 
the second compartment. The cars were then moved the outer 
end the subway where there was hopper for the delivery 
cement. This hopper was constructed hold the proper quan- 
tity cement for batch concrete given proportions. facili- 
tate the handling cars under the material bins, the tracks were laid 
slight descending grade the direction which the cars were 
moved; other words, there was descending grade between 
the mixer and the transfer table, and similar grade between the 
transfer table and the foot the incline. The tracks the incline 
between the material bins and the mixer were connected the top 
the incline switch. Thus the empties were returned 
the bins one track and the loads were taken the mixer 
the other. 

The capacity such plant depends the speed which the 
finished material can removed. The output under normal conditions 
was about 400 cu. yd. per day hours. This plant had 
advantage over the first one because the bins provided place for the 
storage material and permitted the prompt unloading and releasing 
which could not done with the other plant, particularly 
when delays, account bad weather for other reasons, prevented 
the operation the mixer. 

Hains mixer was installed later Street for mixing the 
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concrete for the abutments and retaining walls that vicinity. The 
stone and sand were dumped into buckets from cars temporary 
tracks over the streets and hoisted the material platform the 
top the mixer derricks. The quantity masonry this 
locality was too small warrant the construction incline for 
the handling raw materials. The capacity this mixer depended 
entirely the speed with which the material could delivered 
and taken from the plant. Under proper working conditions, with the 
materials located for expeditious handling, had capacity about 
400 cu. yd. per day. 

Mixing plants similar the one first described were erected 
Street and New York Avenue Bridges for mixing the concrete 
these structures. Hains mixers were used for mixing the concrete 
for the station-building foundations, and for the masonry the north 
end the First Street Tunnel immediately front it. 

Sub-surface the magnitude the work 
and the radical changes conditions, there were comparatively few 
sub-surface obstructions. Those the greatest importance were 
94-ft. trunk sewer the bed Street, which formed part the 
station site, and trunk sewer the south side 
Florida Avenue. divert the Street sewer required the construc- 
tion about 1400 lin. ft. new sewer across the plaza, ex- 
penditure about $42 000. 

Had Florida Avenue been depressed accoraance with the original 
plan, would have exposed the top the large sewer above mentioned. 
avoid disturbing it, slight increase the rate grade was 
made between Street and Florida Avenue, and reduction about 
in. the depth the bridge construction over this avenue. This 
plan left sufficient covering permit the use standard sidewalk 
construction. account, however, the proximity the founda- 
tions the south abutment one side and the south line pedestals 
the other, was necessary reinforce the sides with concrete. 

Other obstructions minor importance, but causing considerable 
expense, were the 24-in. water main Street, which had 
depressed for length more than 1100 ft., the greatest depth 
trench being ft. below the original street surface; the 24-in. gas 
main Massachusetts Avenue, which had relocated for dis- 
tance 4200 ft., and the 12-in. main Street distance 
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2500 ft. Similar but smaller obstructions were met all streets 
and avenues where the grades were materially changed, and were 
either lowered reconstructed. 

Surface February 28th, 1903, when the Union 
Station was passed, the entire terminal area between Massachu- 
setts Avenue and Street was occupied solid blocks residences, 
stores, warehouses, and the main tracks the Baltimore and Ohio 
Railroad; and the south the terminal area, property 
utilized part forming the plaza and its approaches, were the 
main passenger and freight tracks, yards, and stations the Balti- 
more and Ohio Railroad, together with some private property occupied 
business places and residences. 

Before the railroad property required the building the 
new station could vacated, new coal and freight yards had 
constructed. Work was started June 1903, months after the 
passage the Act, soon plans could prepared and property 
secured, and the old facilities were completely abandoned August, 
1904, months after the work was started and about months after 
work the station was begun. 

During this time the foundations for the east end the station, 
involving about 20000 cu. yd. concrete and large quantities 
excavation, were completed, and some preliminary work was done 
the west end. The available space, however, was such that active 
work the masonry this point could not started before the 
coal yards were completely abandoned. October, 1904, the passenger 
traffic was thrown the west side the approach, thus removing the 
last obstruction the progress the work the station building. 


The most serious problem dealt with this work was founda- 
tions. Generally speaking, the foundation conditions were bad 
nearly every part the work, excepting portions the coach and 
engine yard, and, with this exception, safe foundations were only 
secured after going unusual depths. capable sustain- 
ing the weight the and the coach yard and shop buildings 
was found depth ft. below sub-grade, and consisted 
sand the coach yard and dark red clay the shop yard. 

the station site bed gravel was found elevation 
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about ft. above tide, from ft. below the existing surface 
the ground. The material excavated indicated that this locality 
was one time ravine.and that small stream flowed through 
near the north limit the station site. Black loam, giving evidence 
being decayed vegetable matter, was found immediately above the 
gravel bed. The ft. material overlying the original soil 
the ravine was “made ground,” and consisted fair quality clay, 
but poor sustaining power. 

Street, about 800 ft. north the station, gravel was 
found, except small quantity mixed with the clay, though the 
west end the bridge the excavations were carried approximately 
tide, depth about ft. below the street surface. The 
material this elevation was fine sand with small quantity blue 
clay very unstable character. Although enormous quantities 
water were encountered putting down these excavations, abut- 
ment having total height about ft., built this material, has 
never shown any signs settlement. 

The foundation conditions the power-house stack and the method 
adopted provide adequate support for are described later. Clay 
containing sufficient gravel, however, support the walls and pedestals 
the power-house was found elevation 22.5 ft. above tide. 
The material either above below this elevation did not show safe 
bearing indications settlement have appeared 
the present time, presumed that the foundations are adequate. 

The worst conditions the entire work were met Street, 
where the original ground was about ft. above tide. Tests showed 
nothing substantial elevation ft. below tide ft. below 
the surface. careful examination the material this locality 
showed about ft. yellow clay containing thin layers gravel, 
sufficient, however, provide suitable foundations for heavy 
construction. Beneath this, depth about ft., there was 
blue clay about the putty. Under this, un- 
depth, was found sandy material, containing sufficient clay 
endanger its stability. Test piles were then driven, but failed 
locate material showing proper sustaining qualities until depth 
below tide was reached, nearly ft. below the original sur- 
face. When assured these conditions the above tests, was 
put pile foundations for approximately the west half 
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both abutments. Street some blue clay was encountered, but 
not enough require the use piles. 

Street and Florida Avenue, where the street surfaces were 
lowered ft., fair quality sand was encountered, that 
the foundation conditions these points might considered normal. 
ravine, about ft. depth below the established grade, ran across 
what now the west end the New York Avenue Bridge. Several 
years before the terminal improvements were started, this ravine was 
converted into city dump and filled grade with miscellaneous 
material, largely rubbish and ashes. 

secure suitable material support the bridge, was necessary 
depth from ft. The latter depth was reached 
the east abutment, which built over trunk sewer, the top 
which about ft. below the surface the ground. protect 
the sewer, arch was formed the abutment, the masonry 
either side being carried down point below the bottom 
the cradle. The west abutment and the intermediate piers were car- 
ried depth about ft. below the roadbed, which elevation 
sand fair bearing capacity was found. 

Street Bridge reasonably good foundation conditions prevailed, 
except the west end, where the same ravine was found and where 
the same sewer was the way pier. Foundations normal depth 
were found the sites all the buildings the engine and coach 
yards, including the pivot piers the turn-tables the shops. The 
only troublesome foundations this vicinity were those the locomo- 
tive inspection pits, which fell swampy ravine requiring addi- 
tional depth about ft. excavation and masonry. 


Within the city limits all streets and avenues north the station 
were depressed permit them taken under the railroad 
tracks. the grade established for the tracks from Street north- 
ward coincided very closely with the original surface the ground, 
was necessary lower and Streets and Florida Avenue 
maximum from ft. their points greatest depression. 
The grade the low-level tracks required the depression Street 
maximum about ft. These depressions were carried distance 
from 300 500 ft. beyond the terminal lines, order avoid 
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excessive grades. Second Street, E., was lowered conform the 


new grades intersecting streets from Street its intersection 
with Delaware Avenue near Street, and from Street Florida 
Avenue. The east ft. Delaware Avenue, between and 


Streets, was also depressed coincide with the new elevations 
those streets. 


order reduce minimum the depression the various 
streets and avenues, was decided adopt shallow floor system. 
This could only obtained the use short spans. width 
ft. right angles the axis the street was adopted for all 
streets and avenues bridged. double-track street-car line 
occupied Street, and one was prospect Florida Avenue, the 
Commissioners agreed permit the use three-span structures 
all cases. The center bay spanning the street-car tracks was made 
ft. length, from center center columns, and the side-bays, 
ft. in. between the centers the columns and the faces the 
abutments. The center spans and inner ends the side-spans were 
supported columns and box girders, the outer ends the side- 
spans abutment walls defining the new street limits. water- 
tight structure was desired, and the track arrangement precluded the 


use anything but deck construction, encased concrete 
were used. 


all bridges, except over Florida Avenue, 24-in., 
spaced intervals about in., were used. These beams were 
embedded concrete, the bottom which extended in. below the 
bottom flanges, the top being flush with the tops the beams. Upon 
the surface thus formed layer Texas oil residuum, known 
commercially Hydrolene was used, the top which was covered 
with heavy burlap. protection the water-proofing, layer 
reinforced concrete, from in. thick, was used. The track super- 
structure consisted in. ballast, 7-in. ties, and rails, 
the entire depth construction from top rail bridge seat being 
ft. The construction the Florida Avenue Bridge was similar, 


but the were 20-in., 80-lb., and spaced intervals about 
in. from center center. 


The bridges Florida Avenue and Street each carry ten tracks, 
and are about 135 ft. wide, divided into two sections accommodating 
five tracks each. There space the center, ft. wide, for pris- 
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matic lights for lighting the subways beneath. The Street Bridge 
about 220 ft. wide, and carries, addition the ten tracks, switch- 
ing leads for the east and west sides the train yard. This bridge 
has the center opening, about ft. wide, covered with Clinton 
wire cloth, for lighting and ventilating the subway. The bridge 
Street about 450 ft. wide, and has 10-ft. opening approximately 
the center, with two spaces, about ft. wide, containing prismatic 
lights either side. 

The construction Street Bridge was more complicated. The 
platforms the train yard extended across this structure and neces- 
sitated style construction which would raise the tops the plat- 
forms in. above the top rails the adjacent tracks. This 
structure about 790 ft. wide, and contains platforms, one-half 
which are prismatic light construction, the other reinforced 
divided into two sections, one about 496 ft. long, 
carrying the high-level tracks, the other nearly 300 ft. long, carrying 
the low-level tracks. The difference elevation between the high- and 
low-level sections this point about ft. There vertical 
opening for ventilation between the bottom flange the fascia girder 
the high-level section and the top flange the fascia girder the 
low-level section. This opening protected Clinton wire cloth. 

addition the bridges for carrying the tracks over the various 
streets and avenues, two bridges were erected for carrying streets 
and avenues over the railroad tracks. One steel truss bridge 
consisting four spans, aggregating 712 ft. length, with asphalt 
roadway and concrete sidewalks, erected the south half Street 
for carrying the street traffic over the Baltimore and Ohio Railroad 
freight storage yard, the Metropolitan Branch tracks, the north end 
the coach yard, and the Y-tracks between the Metropolitan and 
Washington Branches. The other steel plate-girder and 
bridge, encased concrete, the line New York Avenue, span- 
ning the main tracks the Washington and Metropolitan Branches 
the Baltimore and Ohio Railroad, the Magruder Branch the 
Philadelphia, Baltimore and Washington Railroad and the south end 
the coach yard; its total length its center line about 410 ft. 

order keep the various subways dry 
practicable, the backs all abutments, well other portions the 
terminal construction, were water-proofed with the material used 
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water-proofing the decks the bridges. material, the 
present time, seems show satisfactory results, where used for level 
surfaces when properly protected. Its use for vertical walls, however, 
cannot recommended, does not possess the adhesive qualities 
necessary for this purpose. was also found that, exposure 
the hot summer sun, had tendency separate the offsets and 
drop down. also believed, from present appearances, that the 
settlement the fill back the abutments has some instances 
torn the water-proofing loose, leaving the walls exposed. 

account the failure Hydrolene water-proofing sub- 
stance the backs the abutments bridges the terminal, 
coal-tar was substituted for these parts the New York Avenue 
and Street Bridges. was applied with mop, two three appli- 
cations being given; the present time giving very satisfactory 
results. 

Outside these cases, the only other water-proofing north the 
station was the pipe tunnel under the north sidewalk Street, 
leading the express building. Soon after this work was completed, 
water began entering this tunnel through the south wall, and, the 
bottom the tunnel the west end was ft. below the normal 
ground-water line, contract was made with the Winslow Com- 
pany, Chicago, apply Winslow’s compound. After 
this material had been applied, the proper height, the water seemed 
rise, entering the tunnel above the normal line, investigation 
disclosed broken water pipe the street near the south wall 
the tunnel. After the pipe was repaired the tunnel became practically 
dry, indicating that the greater part the trouble was due that 
order take care any water which might find its 
way into this subway the future, sump was constructed the 
lowest point, where small pump was placed. 


Main 


The main power-plant the west side and opposite 
the outer end the train yard, what was formerly the in- 
tersection and First Streets, E., about 1200 ft. north 
the station. consists masonry and steel structure, ft. wide 
and 234 ft. long, with extension, ft. wide and 150 ft. long, 
the south end, used office building, storeroom, and repair shop. 
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The west side this structure carried down the street level, 
and the north, east, and south sides are supported concrete retain- 
ing walls carried the track level. 

The concrete retaining walls were required withstand the pres- 
sure the fill deposited forming the roadbed, which about 
ft. above the street level the west side. account unstable 
material, the foundations were carried 124 ft. below the basement 
floor level. The rail grade the yard practically coincides with the 
floor level the boiler-room. The engine-room floor about ft. 
below the boiler-room, and the basement about ft. below the 
average street level the west side. 

make the basement story the power-house and office extension 
harmonize with the retaining walls north and south it, the west 
wall the building was built stone laid courses corresponding 
thickness those used the retaining walls. Above the height 
the retaining walls, the building walls are brick with Indiana lime- 
stone trimmings. The cornice and eaves are galvanized iron painted 
conform the color the stone trimmings. 

The power-house, except space the south end ft. long and 
the width the building, divided longitudinally wall, about 
in. thick, extending from the basement the roof, providing 
40-ft. boiler-room the east side and 36-ft. engine-room the 
west side. The space the south end used with the 
refrigeration plant and water tanks. Space also set aside for 
ice-making plant, which will provided some future time. 

The basement under the engine-room ft. high and under the 
boiler-room ft. engine-room has clear height about ft. 
the under side the roof trusses, providing space for the opera- 
tion traveling crane, the runway rail which ft. above 
the engine-room floor. the economizers, and coal and ashes 
bunkers are above the boiler settings, this portion the building was 
constructed provide head-room about ft. the under 
side the roof trusses. 

The main roof book tile, and red vitrified Spanish 
tile; the flat roof over the engine-room covered with Ehret’s slag 
roofing laid roof construction. The building 
amply lighted all sides, each wall panel having 
window, the sashes which are hinged sections with Pond sash- 
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operating device. windows furnish light and ventilation 
for the extreme upper portion the building. 

this plant provision has been made for future growth. The 
boiler-room will accommodate ten boiler units, though only seven are 
considered necessary present. the engine-room provision made 
for six 500-kw. turbo-generators, though four are capable supplying 
all needed power present. 

consideration the power requirements the station, the 
yard, and the shops, showed the necessity general plant 
furnish steam heat for the depot, express building, signal towers, and 
train yard; electricity for light and power over the entire passenger 
terminal occupation; compressed air for the operation switches and 
signals, testing air brakes trains the station, and providing the 
necessary air cushion elevator pressure tanks; hydraulic pressure 
for operating passenger elevators, baggage lifts, and fire service; and 
refrigeration for the drinking-water system and refrigerators the 
restaurant, kitchen, and other 


Power-House chimney for the power-house, except 


the foundation, was built the Alphons Custodis Chimney Con- 


struction Company, New York, and contains unusual features. 
275 ft. high above the foundation, and extends about 200 ft. 
above the highest point the roof the power-house. The base, 
octagonal form and ft. high, laid plain hard red brick, 
the minimum thickness wall being in. Above this point 


the usual perforated radial blocks, ranging length from in. 


The blocks the lower portion the work were obtained from 
Birmingham, Ala., those the upper portion from Washington, Pa. 
The work was all laid mortar composed part Portland cement, 
parts lime, and parts sand. 

has inside diameter ft. in. the base and ft. 
the top, the thickness wall varying from in. the base 
in. the top. Starting point ft. above the octagonal 
base, the variations thickness occur intervals ft. throughout 
the remainder the height, dividing the stack above this point into 
twelve sections, which, with the 19-ft. base and 16-ft. section radial 
blocks above noted, constitute the fourteen sections into which the 
total height divided. 


The chimney, height 200 ft., lined with fire-brick in. 
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thick, and the lining divided into sections corresponding those 
the outer wall. Each section the lining supported corbel 
offset formed the outside brickwork the section points. There 
air space between the 4-in. lining and the outer wall. This 
sectional construction the usual Custodis arrangement, the result 
being greater stability the chimney and greater ease making 
renewals repairs, only one section need disturbed time. 

The two flue openings, each ft. in. wide and ft. high, are 
ft. in. above the basement floor, and separated 12-in. 
wall brick ft. high, supported platform ft. 
above the foundation. 

The point special interest this chimney the exhaust riser 
the center, the top which extends short distance above the top 
the brickwork. constructed 12-ft. lengths 24-in. cast-iron 
pipe with flanged ends and bolted joints. There are twenty-two 12-ft. 
sections the pipe column proper, the lower half which has 1-in. 
walls, the upper half walls. This pipe column supported 
7-ft. pedestal having outside diameter ft. in. the base 
and the same diameter the pipe the top, which bolted the 
base elbow, ft. in. long. The pedestal bolted the foundation 
four 2-in. foundation bolts. The lower seven sections pipe 
are reinforced ribbed flanges similar the reinforcement the 
pedestal and base elbow. For the upper portion the column there 
are six sets cast-iron braces stays intervals from ft., 
the lowest one being about ft. above the foundation. Below this 
point the pipe sufficiently stayed the baffle-wall between the 
flue openings. The cast-iron braces stays have semicircular straps 
bands one end for bolting the column, two being used each 
the six points. The outer ends are attached brackets built 
the wall, each pair braces alternating right angles with the 
pair above below. 

The foundation was included the power-house contract. Before 
deciding the style foundation, test holes were bored depth 
from ft. below the original surface the ground, for 
the purpose obtaining some idea the character the soil. 
depth about ft. great deal water was encountered, requir- 
ing driven the hole was formed. For the first ft. 
the soil was composed mixture clay and gravel irregular 
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layers and pockets. Below this elevation the material was mixture 
very fine sand and blue clay, very soapy nature. 

order make more thorough examination, test hole ft. 
square was started, the sides being shored most careful manner. 
There was difficulty excavating the first ft., but, before 
depth ft. was reached, the water and sand were forcing 
their way into the hole faster than one pump and several men could 
remove it. account the danger disturbing other founda- 
tions this flow water and sand, and the results were similar 
those where holes were bored, this test was also abandoned and the 
hole filled. 

The original plan contemplated the use piles put 
the Simplex method. Equipment for this purpose was brought 
the site and several test piles were driven. account the 
large quantity sand the soil, there was considerable difficulty 
driving the tube the required depth, and, when driven, the con- 
tractor had greater difficulty withdrawing it. was necessary 
begin remove the tube soon the placing concrete was 
started, but water and sand forced their way into its lower portion 
with such speed prevent filling with concrete. the two 
three test piles put down the quantity concrete used was 20% 
less than required, indicating that portion the space was filled with 
water and sand, and there was way determining definitely 
where might located, piles this kind had abandoned. 

Owing the presence much sand the soil, some doubt was 
expressed the possibility driving sufficient number wooden 
piles carry the load. After due consideration, wooden piles seemed 
the last resort, and arrangements were made drive them 
intervals about ft. from center center. The work was started 
driving from the toward the center. This plan 
was adopted the hope getting the best results around the outer 
edge where the greatest load would result from wind pressure. The 
displacement soil was not great anticipated, and the piles 
place were not disturbed driving adjacent ones. There was great diffi- 
culty, however, driving them safe depth, large number break- 
ing the driving. This was especially true the south half the 
foundation. all, however, 191 pine piles were driven average 
depth about ft. below the cut-off line. the load the founda- 
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tion, including wind pressure, about tons, each pile under the 
severest strain must sustain more than tons. 

protection against lightning, the stack has lightning rod 
stranded copper cable terminating the base the stack 
coil the earth and above loop extending around the top, 
which six retort-graphite points, in. long and in. diameter, 
are attached with galvanized-iron pipe and suitable brass sleeves. 
The connection between the copper cable and the graphite point made 
drilling 4-in. hole the end each point depth in., 
the copper being held the graphite set-screw. The 
cable secured the side the chimney braces and clamps. 

Boilers, Super-heaters, and Stokers—The and Wilcox 
Company, New York, furnished and erected seven semi-marine water- 
tube boilers, seven super-heaters, and seven chain-grate stokers. The 
boilers are set singly and supported concrete-encased girders and 
beams forming the longitudinal and cross-members the boiler-room 
floor system. boiler has heating surface 4220 sq. ft. and 
rating 420 h.p. The settings are fashioned after the Dutch oven- 
furnace construction, with combustion chambers well within them, the 
tops which extend about ft. above the boiler-room floor. The 
tube sections each unit are inclined angle 15° with the 
horizontal, and are ft. long. The heating surface consists 
4-in. tubes, arranged sections, tubes high. The iron casings 
around the fire-box are bolted the structural-steel framing forming 
the sections for each unit, and the casing plates are fastened the 
non-conducting linings consisting }-in. asbestos mill-boards, which 
turn are protected light fire-tile. 

There steam and water drum, in. diameter and ft. long, 
open-hearth steel in. thick, above the front end each boiler 
right angles the tube sections. The longitudinal seams the 
drum are butted and strapped, both inside and out, and are secured 
four rows rivets, two which extend through both straps and 
shell plates, the other two extending only through the inside strap 
and shell. The drum heads are steel plates 
bumped, the radius the bump being equal the diameter the 
drum. Each head has 15-in. manhole flanged and properly 
reinforced provide for gasket not less than in. wide. Each drum 
connected with each the lower front serpentine headers 4-in. 
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vertical tubes, and with the rear headers horizontal tubes the same 
thus affording twenty independent inlet and outlet connections 
for steam and water. All attachments for steam and water valves 
and other fittings are wrought-steel pads 
riveted the drums. 

mud-drum, consisting 6-in., square, forged-steel box, 
connected the lower ends the front tube headers, for blowing down 
and draining the system. All pressure parts are open-hearth steel 
plate and seamless tubes. All tubes are in. diameter and No. 

thickness, expanded the ends into wrought-steel headers. 
the front and rear ends the boiler tubes provided 
rolling shutter doors. 

Each boiler has two 4-in., Coale, muffler safety-valves set blow 
200 one 12-in., brass-rimmed gauge graduated 
one and Wilcox, water column, 
arranged for operating from the fire-room floor, one stop- and 
check-valve, two and Wilcox, bottom-blow valves, 
together with wrenches, tube-cleaners, steam-hose, and cleaning pipe 
for removing soot from the exterior the tubes. All tube sections 
and steam- and water-drums were designed stand test under water 
pressure 300 lb. per sq. in. with working pressure 200 lb. 

Each boiler unit fitted with and Wilcox superheater 
above the incline tube sections, the rear the smoke uptake. 
composed 2-in., seamless, U-shaped tubes expanded the ends 
into wrought-steel box headers. The steam piped from the steam- 
drum the lower superheater header the rear with delivery con- 
nection the other header. superheater composed 
tubes, presenting heating surface 695 sq. ft., and designed 
raise the temperature steam 100° above that saturation. 
There safety-valve for each heater the discharge side, set 
blow below the safety-valves the boilers. The main steam outlet 
in. diameter. The regulation superheat facilitated 
dampers located control the passage gases, shunting part 
them below the heater when necessary. dampers are operated 
drum and wire rope, the apparatus being controlled from the 
outside. 

Each boiler has and Wilcox, chain-grate stoker, ft. 
wide and ft. long, operated line shaft under the boiler-room 
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floor, which the stokers are connected detachable gear. The 
power furnished two vertical, slide-valve engines the basement 
under the boiler-room floor. The line shaft can operated one 
both engines the use clutches. grate has area 
sq. ft., approximately sq. ft. grate area sq. ft. 
boiler heating surface. delivered the stokers down- 
spouts from the storage bunkers the upper portion the boiler- 
room. The bunkers are reinforced concrete, there being continu- 
ous line, except opposite the chimney, the entire length the building. 
Each bunker ft., and the entire layout has 
capacity 600 tons. the section opposite the chimney, occupying 
space ft. long, are located the ashes bunkers, the bottoms which 
slope outward instead inward the coal bunkers. There are 
two delivery spouts for chuting the ashes into cars the track outside 
the building. 

Green Fuel Economizer Company, Matte- 
awan, Y., furnished and put seven improved patent fuel econo- 
mizers, containing 084 sq. ft. heating surface, one over each boiler 
unit, through which the furnace gases pass reaching the main 
chimney breeching. 

Each economizer consists sixteen sections 4-in. tubes, each 
section composed six tubes ft. long, connected top and bottom 
headers, which the ends the tubes are turned and pressed 
hydraulic machinery. The top headers are planed and fitted insure 
air-tight joints, and have hand-hole lids opposite the vertical tubes 
facilitate cleaning and making repairs. Outlet and inlet branches have 
access lids for cleaning the bottom headers. 

Each unit has heating surface 1152 sq. ft., trifle more than 
one-fourth that the boiler unit, and was constructed stand test 
350 per sq. in. the works, 200 per sq. in. hydraulic 
pressure after erection the plant. Each economizer has 2-in. 
safety-valve, the necessary cast-iron soot-pit frames, air-tight doors, 
and side-dampers. unit has improved scraper gears, the line 
shafts for operating them being attached the edge the coal 
bunkers. They are divided into two groups, respectively, north and 
south the stack. Each group operated 10-h.p. motor. 
north group present contains four units, the south group three. 
line shaft designed take care five units eventually. 
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The economizer units are supported steel framework over the 
boiler units, and are enclosed with steel plates lined with fire-brick, 
instead the usual brick enclosures. The rear end the economizer 
connects directly with the main breeching; the front end connects 
directly with the uptake from the boiler which leaves from the front 
side the boiler setting. 

The breeching connecting the boilers with the stack divided into 
two sections, one taking care the boilers the north side the 
stack, the other those the south. consists horizontal duct 
steel plates, ft. in. ft. in. section, lined with 
magnesia blocks coated with in. retort cement furnished 
The Philip Carey Company, Cincinnati, Ohio. The Patterson 
Manufacturing Company, Baltimore, Md., placed each section 
the breeching hydraulic damper regulator, which controlled 
the steam pressure. 

Feed-Water Harrison Safety Boiler Works furnished 
and erected two No. 334, Cochrane, special, feed-water heaters and 
receivers, including the Sorge-Cochrane system water purification. 
Each heater 139 in. wide, in. deep from front back, and 105 in. 
high. each heater there are perforated trays, in. wide and 
in. long, and filter bed, in. wide and in. long. The exhaust 
inlet and outlet are in. diameter, the cold water supply in., 
the pump suction in., the waste overflow in., and the gravity 
returns in. This apparatus especially designed and adapted for 
use with any steam heating drying system, under vacuum back- 
pressure. addition performing the regular functions open 
direct-contact feed-water heater, provides for the reception and 
heating the condensation from the heating system. The supply 
cold water, supplement the exhaust condensed the heater and 
the condensation from the heating system, regulated 
The drip from the oil separator and the overflow from the heater are 
waste through steam-trap forming part the heater. 

All parts exposed water escaping gases are cast iron, brass, 
and copper. The oil separator, attached the shell and forming part 
each heater, most efficient device for removing cylinder oil from 
exhaust steam, and designed and proportioned for normal steam 
velocity 6000 ft. per min. through engine ports and steam pipes. 
The perforated trays are the upper part the heater, and are inter- 
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changeable and removable. They are inclined alternate directions, 
and the edges over which the water flows are serrated for breaking 
up. They are secured place cast-iron guides bolted the shell 
the heater such way prevent them from being dislodged 
the pulsations the exhaust. set trays the steam 
space, with passages between the trays and tray supports giving 
greater area for steam than the inlet opening, thus bringing the steam 
into contact with the water flows from tray tray. After 
passing through the regulating valve, the cold water conveyed 
pipe box trough extending across the trays, from which falls 
through openings the upper trays, across which flows, dropping 
the one below, and on, until reaches the bottom one, from which 
drops into the settling chamber the lower part the heater. The 
flow cold water regulated balanced valve controlled 
ventilated copper float the heater. Any change the level the 
water raises lowers the float, thus opening closing the valve and 
supplying water proportion the quantity taken from the heater 
the boiler-feed pump, and preventing waste overflow. 

skimmer, just above the working level the water and extending 
the width the heater, removes the impurities which rise the 
surface the water. take care additional refuse matter, all 
Cochrane heaters have perforated plates, about in. above the bottom 
the heater, upon which placed the filtering material The outlet 
the pump covered with hood, extending the perforated plates, 
open the bottom and vented the top pipe prevent air- 
logging and consequent interference with the pump suction. also 
prevents the siphoning water from the heater, and maintains seal 
for keeping the floating impurities from the pump suction. The hood 
insures the passage all water through the filter. 

The gravity returns are brought into the heater 
designed trough which forms water seal for the return pipe and 
prevents the escape steam from the heater into the heating system. 
Thus the water condensation brought into contact with exhaust 
steam the heater, which insures the same temperature the water 
the pool. Returns from the vacuum pumps are taken into the heater 
through the cold-water pipe special connection between the heater 
and the regulating valve. 


These heaters are guaranteed separate the cylinder oil (carried 
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the exhaust steam) from the water, making suitable for boiler 
feed and other purposes; and, given sufficient supply exhaust 
steam, will deliver feed-water temperature within from 
the temperature the steam entering the heater. 

They will give all purification which can obtained heating 
water the temperature exhaust steam, providing large filtering 
and settling surfaces and utilizing the steam condensed heating the 
water, and will provide for the reception and heating water con- 
densed the heating system, the return being made gravity 
pumped into the heater. They will control the cold-water supply auto- 
matically, that cold water will introduced into the heater 
until the returns from the heating system are found insufficient meet 
the demand, and the steam leaving the heater will freer from water 
than when leaving the engines. 

Each heater designed raise the temperature 60000 
water per hour from 60° 210° Fahr. The main source steam 
supply the exhaust main serving the air compressors, elevator pumps, 
and auxiliary engines the plant. 

Pumps.—The Epping-Carpenter Company, Pittsburg, Pa., fur- 
nished and erected, foundations provided the Terminal Com- 
pany, two duplex, outside, end-packed, pressure- 
pattern, boiler-feed pumps, two 16-in., duplex, outside, end- 
packed, pressure-pattern, boiler-feed pumps for building service, and 
two 12-in., underwriter fire-pumps the George Blake 
Manufacturing Company. all these pumps the water-cylinder 
stuffing-boxes and glands are bronze-lined. Each pump has 2-qt. 
Richardson oil pump. 

The boiler-feed pumps have 8-in. suction and 6-in. delivery nozzles, 
for water connections with 3-in. steam supply and 4-in. exhaust, and 
are capable delivering 600 gal. water per min. piston speed 
ft. and 300 lb. pressure. The building-service pumps have 6-in. 
suction and 5-in. delivery nozzles, for water connections with 
steam supply and 3-in. exhaust, and are each capable furnishing 
350 gal. per min. piston speed ft. and 300 lb. pressure. The 
fire-pumps have 12-in. suction and 8-in. discharge nozzles, for water 
connections with 4-in. steam supply and 5-in. exhaust, and are each 
capable delivering 1000 gal. per min. 

Pumping Nordberg Manufacturing Company, 
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Milwaukee, Wis., furnished and erected two horizontal, heavy-duty, 
cross-compound, non-condensing, Nordberg, poppet-valve, pumping 
engines, with cylinders 214 in. and plungers in. diameter, 
having common stroke in. When running piston speed 
300 ft. per min., revolutions, under steam pressure 150 
the throttle, with 100° Fahr. superheated steam, these engines will 
pump 750 gal. per min. against pressure 300 with suction 
pressure lb. 

Under the foregoing conditions, the steam consumption will not 
exceed 1000 dry steam containing 100° Fahr. superheat for every 
000 000 ft-lb. work done; and, when the steam contains 50° Fahr. 
superheat, the steam consumption will not exceed 1000 lb. for every 
000 ft-lb. 

The pumps consist two cylindrical chambers, containing seats 
for delivery and suction valves, which are located one above the 
other. There one pressure air chamber above each side the 
pump. Each pump rests on, and bolted to, cast-iron suction base. 

The two chambers are connected firmly removable distance-rods 
located plane passing through the center line the engine, and 
the delivery and suction immediately above and below the same. The 
chamber nearest the steam cylinder connected similar rods, 
making the engine self-contained. The stuffing-boxes and plunger- 
rods are lined with brass, and the valve faces with leather. The valve 
seat has central spindle which passes through and guides the valve, 
the lift which controlled spring, and has area sq. in. 
for both suction and discharge. 

The frames are the heavy-duty type, and cast one piece. The 
flange (on which the cylinder head centered) and the slides were 
bored one setting, insuring perfect alignment. The base the 
frame extends the full length the frame, and has up-turned edges 
for catching oil. The steam cylinders are jacketed all over, including 
the heads, and are cast with double walls provide steam jacket. 
The cylinders are fitted with Nordberg, poppet-valve gear, each cylinder 
having four equilibrium poppet-valves, the steam inlet-valves being 
top and the exhaust the bottom the cylinder. 

Coal and Ashes Handling Apparatus—The Hunt Company, 
New York, furnished and erected Hunt coal and ashes handling 
equipment, comprising conveyor consisting buckets, chains, tracks 
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and supporting stands, curves, take-up, chain-guard, and dumpers; 
conveyor driver having two-cylinder steam engine, geared for 150 
steam pressure; and two steam-driven, direct-connected coal crackers, 
with two cross-belt conveyors for carrying coal from the crackers 
the Hunt conveyor. 

The coal delivered the plant regular, drop-bottom, coal cars, 
from which dumped into hopper having capacity about 
tons, located under the track the east side the building. From 
this hopper the coal passes through the crackers and thence belt 
conveyors the bucket conveyor, stored the bunkers the 
upper part the boiler-room. 

The coal delivered the bucket conveyor rotary filler, which 
insures uniform and even supply. delivering the coal the 
bunkers, the conveyors have lift ft., speed about ft. 
per min., and capacity about tons per hour. 

The dumpers are placed intervals along the upper run the con- 
veyor, and are easily thrown and out gear the The 
ashes are delivered the ashes bunkers the same conveyor. 
permit this being done, there are reinforced concrete pockets under 
each chain grate, which the ashes are collected. the bottom 
these hoppers there are concrete spouts chutes through 
which the ashes are chuted the conveyor and thence carried the 
ashes bunkers. The ashes are taken from the bunkers chutes 
leading through the east wall the building, from which they are 
delivered cars the siding used for the delivery coal, the same 
cars being used for both coal and ashes. 

Air Compressors—The Nordberg Manufacturing Company fur- 
nished and erected, foundations constructed the Terminal Com- 
pany, two cross-compound, two-stage, Nordberg-Corliss, air com- 
pressors, with such necessary appurtenances steam receivers, inter- 
coolers, ete., ready for steam, air, and exhaust connections. The steam 
cylinders are and in. diameter, and the air cylinders 144 and 
in., with common stroke in. 

The frames are the heavy-duty type, having main bearing and 
slide one casting, and resting base extending the full length 
the frame. There heavily-ribbed, cast-iron, foundation plate 
extending under the air and steam cylinders. The fly-wheels are ft. 
diameter, and weigh 23000 lb. The cylinders are tapped for 
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central for attaching the indicator. There pressure regulator 


which maintains automatically constant pressure air varying 


the speed the engine. The governor driven belt from the 
engine shaft. The air cylinders are re-melted iron, cast dry 
sand, and are water-jacketed barrels and heads, insuring regular 
cooling throughout. 

steam cylinders are placed behind their respective air cylinders, 
and are fitted with the regular Nordberg-Corliss valves and valve gear, 
the high-pressure cut-off being under control combined speed and 
pressure regulator. receiver, the re-heater type, under the floor, 
fitted with pop safety-valve set lb. prevent the low-pressure 
cylinder from being over-strained from excessive pressure. 

There tubular inter-cooler, above and between the air cylinders, 
fitted with seamless, drawn-brass tubes, providing 450 sq. ft. cooling 
surface, ample cool the air discharged from the low-pressure 

Each machine has complete oiling system, comprising hand 
pump for each cylinder, trombone oiler for the cross-head pins, 
Nugent oilers for the crank pins, and Richardson forced-feed pumps 
for each steam cylinder, driven from suitable place the valve gear; 
all other working parts have suitable funnels connected with 
elevated tank piping. There are oil guards, planished steel with 
polished corner strips, around the cranks and eccentrics, and properly 
tapped for the drainage oil. 

Each compressor has two Crosby, steam-engine indicators, one 
spring, one 80-lb. spring, and two 30-lb. springs, together with 
the following gauges: One air pressure, one steam pressure, one air 
pressure for inter-cooler, one compound for receiver, and one six-point 
counter, all with nickel-plated dials. 

These machines furnish compressed air, about 100 for the 
operation the signals connected with the New 
York Avenue, Street, and Massachusetts Avenue interlocking plants, 
and for testing air brakes passenger cars the train yard. They 
also furnish the Franklin-type compressors with air from 100 
120 which turn compressed about 300 lb. for use the 
elevator system. When operating 460 ft. piston speed, 
about rev. per min., non-condensing, with steam 150 pressure 
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and 100° Fahr. superheat the throttle, and back-pressure not exceed- 
ing lb. the nozzle the low-pressure cylinder, they compress 500 
cu. ft. free air per min. 100 lb. pressure. When running under 
the foregoing conditions the steam consumption should not exceed 
5.8 lb. for each 100 cu. ft. air compressed. 

The Chicago Pneumatic Tool Company furnished two special, 
Franklin-type, class G-SS, single, steam-driven, air compressors, each 
having capacity cu. ft. free air per min., and capable 
delivering compressed air under 320 lb. pressure. The steam cylinders 
are in. diameter, with 12-in. stroke, and are designed for 
steam pressure 150 with steam superheated 100° Fahr. The air 
cylinders are in. diameter, with 12-in. stroke, and receive the 
air supply from the Nordberg compressors from 100 120 
pressure, compressing about 300 lb. per sq. in. for use 
cushion the pressure tanks the hydraulic elevator system. 

These compressors have single, straight-line, steam and air cylinders, 
and operate 120 rev. per min. The cylinders and heads are com- 
pletely water-jacketed, and are designed for thorough circulation, thus 
affording equal cooling throughout. They are provided with pressure- 
regulating governor which controls automatically the operation the 
compressor accordance with the demand for air, working con- 
junction with speed governor which regulates the speed the com- 
pressor. There also unloading device for relieving the compressor 
all load when the desired pressure obtained and causing 
resume delivery automatically when the receiver pressure reduced. 

These machines are assembled, aligned, and tested the factory 
common base, and are shipped one piece. Unless damaged 
transit, there difficulty putting them foundations and 
getting them ready for service. 

Westinghouse Machine Company, Pitts- 
burg, Pa., furnished and erected four 500-kw., Westinghouse-Parsons, 
turbo-generator units, foundations built the Terminal Company. 
The steam turbine known the multiple-expansion, parallel-flow 
type, adapted for driving direct-connected generator with two-pole, 
revolving field, running 3600 rev. per min., and giving 200 
alternations per min. The turbine and generator are mounted 
continuous bed-plate having suitable supports for turbine, 
generator bearings, etc. 
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The condenser for each turbine the basement directly beneath 
it. They are the Worthington surface type, with cast-iron cylindri- 
shells, and contain sq. ft. condensing surface. The con- 
densing water taken from the cooling tower, and circulated 14-in., 
volute, centrifugal pumps. 

The maximum length turbine ft. in.; the combined unit, 
ft.; width, ft. in.; height above floor, ft. in.; approximate 
weight, 25000 Its capacity 750 b.h.p. when operating 600 
rev. per min., with dry saturated steam 150 lb. gauge pressure per 
sq. in. the throttle, and with pressure the exhaust pipe in. 
vacuum, measured mercury column referred barometric 
pressure in. The contract provides that the steam consumption, 
including all steam consumed the turbine and all leakages and losses, 
will not exceed the following quantities per British horse-power-hour 
when operating under the above conditions: 


vacuum. 26-in. vacuum. 27-in. vacuum. 
Full load........ 16.3 15.6 15.1 


When operating the foregoing speed and steam pressure, but 
with back-pressure the exhaust pipe and re- 
the steam consumption per British horse-power-hour will 
follows: 


When operating 3600 rev. per min. with 150 lb. pressure the 
throttle, but with steam superheated 100° Fahr. above the temperature 
saturated steam, the steam consumption will not exceed the follow- 
ing quantities per British horse-power-hour: 


25-in. vacuum. vacuum. 27-in. 
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When operating under such conditions, but with back-pressure 


the exhaust pipe Ib. and respectively, the steam consump- 
tion will follows: 


30.9 30.5 


Each turbine has secondary governor-valve the balanced, 
poppet-valve type, with which overload 50% may developed, 
full load developed when operated without the condenser. This 
valve operated automatically suitable mechanism connection 
with the governor, and arranged open when the load exceeds 
the amount the turbine can carry when operating normally. will 
also operate should the vacuum steam pressure fall point where 
the turbine unable carry the load normally, and will return its 
seat automatically when the excess capacity the turbine longer 
required. The speed controlled sensitive governor operated 
varying the admission steam. The governor has electrical 
speed-change device operated motor. 

The turbines are lubricated continuous circulation oil 
supplied system delivery and drain pipes, with suitable reser- 
voir the bed-plate. pump, driven the turbine, together with 
cooling coil, furnished with each turbine. 

The alternating-current generator the turbo type, and has two 
poles. The normal speed 600 rev. per min., the frequency 200 
alternations cycles per sec., delivering three-phase current 
volts. The normal rating the generator 125.5 amperes per 
terminal 2300 volts and 100% power factor. 

The efficiencies for these generators, based the 
armature iron loss the normal rated current and voltage, and 100% 
power factor, are 92% one-half load, 94% three-quarters load, 95% 
full load, 95.5% one and one-quarter load, and 95.75% one 
and one-half load. The generator separately excited. When the 
generator delivers its normal rated current normal voltage and 100% 
power factor, the field requires approximately amperes 100 volts, 
amperes when delivering its normal rated current normal 
voltage and 90% power factor. 

The armature the slotted-drum type, the core being built 
laminated steel high magnetic quality. The armature winding 
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consists. wire-wound coils, formed and insulated before being placed 
the slots. The insulation the conductors consists material 
high insulating quality applied overlapping layers treated with 
moist and oil-proof compound. When completed, the insulation 
the armature winding from the core was subjected momentary 
puncture test volts, alternating e.m.f. 

The field core steel. The steel pole pieces and field winding 
are proportioned reduce the armature reaction and self- 
induction low The field coils are wound with strap copper, 
and are insulated from the core layers fibrous material. When 
completed, the insulation the coils from the core was subjected 
momentary puncture test 1000 volts, alternating 

The field winding proportioned that, with constant speed, 
constant separate excitation, and 100% power factor, the load may 
vary from full load load with rise voltage approximately 
per cent. The constant voltage maintained Tyrill regulator. 

The temperature any part the generator will not rise more 
than 40° cent. hours when delivering its normal current 
normal voltage and 100% power factor, more than 55° cent. 
with 25% greater current but the same voltage and power factor. 

Cooling Tower and Surface Equipment.—Henry 
Worthington, New York, furnished and erected, foundations 
provided the Terminal Company, cooling tower and the necessary 
surface-condensing equipment for the power-house. The cooling tower 
brick concrete foundation, and immediately north the 
power-house. has inside diameter ft., height ft. 
above the foundation, and contains about 000, 6-in., salt-glazed tiles, 
in. long, with walls in. thick, presenting cooling surface about 
500 sq. ft. 

The terra cotta baffles are built eight courses, the tiles stand- 
ing end, each course containing 1490 tiles, making stack ft. 
high. The support for these baffles ft. above the foundation, and 
24-ft. centers, built into the outer shell. Resting the tops these 
centers, separated 5-in. sections wrought-iron pipe, 
secured bolts. 


equipped for forced-air circulation with four 96-in. disk fans, 
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driven pairs two 40-h.p. Westinghouse induction motors. The 
fans operate 350 rev. per min., requiring b.h.p. for each pair. 
cooling the circulating water required condense 
Ib. steam per hour and maintain the condensing apparatus 
26-in. vacuum 30-in. barometer, with prevailing atmospheric con- 
ditions 75° temperature and 75% relative humidity. 

the base concrete foundation the cooling tower there 
cistern tank, ft. diameter and ft. deep, for taking care 
the cooled water, the side-walls and bottom which were water-proofed 
with hydrolithic compound the Winslow Company, 
Chicago. 

The circulating water delivered near the top the tower 
vertical, 18-in., cast-iron pipe the center, and distributed eight 
perforated pipes attached right angles cap the top the 
pipe, equally spaced over the area the top the tower. From these 
arms falls the tank. This pipe connects with the 24-in. discharge 
main near the bottom the foundation, ft. in. below the base- 
ment floor level. 

The return the condensing apparatus 24-in. cast-iron pipe, 
laid beside the discharge pipe, connecting with the cistern about ft. 
above the bottom. There 3-in. cold-water supply pipe which the 
water the tank can maintained regular level. Connecting 
with the sewer there 8-in., cast-iron, overflow pipe, the top 
which in. below the top the cistern. 

The condensing apparatus, immediately beneath the turbines, con- 
sists four ft. surface condensers, one for each turbine, 
two 12-in. vertical, single, double-acting, air pumps the 
suction, valveless type, two 14-in., horizontal, special, volute, centrif- 
ugal, pumps, and two 6-in., horizontal, duplex, 
low-service, piston-pattern pumps. 

The condensers have cylindrical shells, close-grained cast iron, 
with proper openings for exhaust, air, and circulating pipe connec- 
tions, together with openings for cleaning and inspection. 
plates distribute the steam and relieve the tubes its impact. The 
tubes are seamless, drawn brass, and are required stand 
internal cold-water test pressure least 500 they are straight 
lengths, without upset flanges, and pass through stuffing-boxes 
the heads the tubes. The stuffing-boxes have brass ferrules with 
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lip the inside, for the purpose securing the tube position, and 
prevent creeping, the same time allowing freedom for expansion 
and contraction. this arrangement any tube can removed and 
any stuffing-box can repacked case failure leakage from 
long use. 

Each circulating pump capable delivering 4400 gal. water 
per min. against dynamic head ft., when operated speed 
not exceeding 325 rev. per min. The suction openings are in. 
diameter and the discharge openings in. They are direct-connected, 
and are mounted common bed-plate with one 10-in., 
Westinghouse, compound engine, the two machines forming self- 
contained unit. Each engine and air pump has Richardson pump 
lubricator with tank capacity 0.8 gal. 

The apparatus arranged that each turbine has individual 
condenser. The vacuum pumps are arranged and proportioned that 
each will take care two units. The service hot-well pumps are 
proportioned that each can take care the entire load the four 
turbines, 000 lb. steam per hour. Under proper working condi- 
tions, each condenser capable maintaining vacuum in., 
based 30-in. barometer, when each turbine delivering its 
condenser 12000 steam per hour, provided sufficient quantity 
circulating water furnished temperature not exceeding 85° 
Fahr. All steam-driven apparatus constructed for steam pressure 
150 lb. with superheat not exceeding 100° Fahr. 

Westinghouse Electric and Manu- 
facturing Company, Pittsburg, Pa., furnished and erected, 
foundations built the Terminal Company, the following electrical 
equipment: One alternating-current switch-board, one direct-current, 
switch-board the center the room, one direct-current, 
Brush-are switch-board the south end the room, one set 
portable testing instruments, one 35-kw., engine-driven exciter, with 
engine, two 50-kw., motor-driven exciters, with motors, four sets 
motor-driven, Brush-are machines, each set consisting one 200-h.p., 
induction motor, direct-connected two No. 12-B, Brush-are genera- 
tors, two 10-h.p., CCL motors, one 10-kw., motor-driven, generator set, 
and two switch-boards for storage-battery charging sets, the latter 
located the basement the depot. 


The alternating-current switch-board controls four 500-kw., 
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volt., 3-phase, 60-cycle, turbine-driven generators, nine 3-phase, power 
circuits, and six single-phase, lighting circuits. There high-tension 
bus-bar and switch compartment reinforced concrete the base- 
ment the power-house directly under the switch-board. There are 
two extra, generator, switch compartments, four extra, 3-phase, power, 
switch compartments, and two extra, single-phase, lighting, switch 
compartments take care the future extension the equipment. 
There are also the necessary soapstone barriers for the disconnecting 
switches. All disconnecting and oil switches have capacity 300 
amperes, the oil switches being distant-control, operated electrically 
switch the main 

The board consists nine panels blue Vermont marble, in. 
wide, in. high, and in. thick, made two sections, the upper 
section in. long, the lower section in. long, furnished complete 
with angle-iron frames, bus-bars, and supports. Panels and 
control the 500-kw., alternating-current, 3-phase, 60-cycle, 
generators; Panels and control the 3-phase, power feeders, and 
Panels and control the single-phase, lighting feeders. each 
side Panels and are mounted one polyphase, indicating, 
wattmeter, two type-F, alternating-current ammeters, one polyphase, 
integrating wattmeter, one 8-point, volt meter, receptacle, and plug, 
one synchronizing plug, receptacle, and indicating lamp, one turbine 
governor controller and indicating lamp, one rheostat controller with 
indicating lamp, one oil, circuit-breaker controller with indicating 
lamp, and one field-switch with discharge resistance. Panels 
and controlling nine 3-phase, power feeders, there are mounted, for 
each feeder, one polyphase, indicating wattmeter and one oil, circuit- 
breaker controlier with indicating lamp. Panels and controlling 
six single-phase, lighting feeders, there are mounted, for each feeder, 
one type-F, alternating-current ammeter, and one oil circuit-breaker 
controller and indicating lamp. swinging bracket the end 
the board there are two illuminated-dial, alternating-current, type-G, 
volt meters. 


the basement there are: connection with each Panels 
and one 300-ampere, 300-volt, 3-phase, type-F, oil switch, 
with tripping coil, one polyphase, reversed-current relay, six 300- 
ampere, 300-volt, single-phase, single-throw, disconnecting switches, 
and one electrically-operated, rheostat face-plate; with Panels and 
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for each feeder, one 300-ampere, 3-phase, single-throw, 
automatic, type-F, oil circuit-breaker, and six 300-ampere, 300-volt, 
single-pole, single-throw, disconnecting switches; and with Panels and 
for each feeder, one 300-ampere, 300-volt, two-pole, single-throw, 
automatic, type-F, oil and six 300-ampere, 
single-throw, single-pole, disconnecting switches. 

The direct-current, exciter switch-board controls one 35-kw., 125- 
volt, direct-current, engine-driven generator, two 50-kw., 125-volt, 
direct-current, motor-driven generators, and three 300-ampere, 125- 
volt, direct-current feeders. The board consists five panels blue 
Vermont marble, in. wide, in. high, and in. thick, made two 
sections, the upper section in. long and the lower one in. 
long, with the necessary angle-iron frame, bus-bars, and supports. 
the first regular panel are mounted one 150-volt, type-D, direct- 
current, volt meter, one 6-point, volt meter, receptacle, and plug, 
mounting for one Tyrill regulator, and swinging bracket the right 
the panel for one 150-volt, type-D, volt meter. each Panels 
and 50-kw. generator panels, are mounted one 600-ampere, 
type-D, direct-current ammeter, one field rheostat, one 4-point, volt 
meter, receptacle, and plug, one 600-ampere, 250-volt, three-pole, double- 
throw, type-D switch, and one Thomas, 400-ampere, 125-volt, recording 
wattmeter. the fourth, 35-kw. generator, panel are mounted 
one 400-ampere, type-D, direct-current ammeter, one field rheostat, 
one 4-point, volt meter, receptacle, and plug, one 600-ampere, 250-volt, 
three-pole, double-throw, type-D switch, and one Thompson, 300-am- 
pere, 125-volt, recording wattmeter. the fifth feeder panel are 
mounted three 200-ampere, two-pole, single-throw, type-C, laminated, 
circuit-breakers, with low voltage release. 

The direct-current, Brush-are switch-board controls four pairs 
motor-driven, 12-B, circuit, Brush-are generators. The panels are 
in. wide, in. long, and in. thick, with necessary angle-iron 
frames, bus-bars, and supports. Each panel has one direct-current, 
station ammeter, three volt-meter receptacles, four card holders, one 
name plate, eight ammeter jack receptacles and plugs, eight cable- 
transfer receptacles, and fifty-four transfer bus receptacles. con- 
nection with each panel there provided swinging brackets one 
300-volt, T.I.D., volt meter, with multiplier, four 5-ft., transfer cables, 
with two plugs each, and one 10-ft. ammeter cable and plug. Rubber 
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mats, ft. in. wide and the full length the switch-board, are 
provided with each the boards. 

The following portable testing instruments were provided with the 
equipment: One Westinghouse, alternating-current ammeter and 
amperes capacity; two Westinghouse, alternating-current ammeters 
with capacities and amperes; one Westinghouse, polyphase 
indicating wattmeter, potential capacity 200 400 volts, current 
capacity and amperes; two Westinghouse, series transformers, 
capacity 25, 50, and 100 amperes; two potential transformers, 200-110 
volts; one Weston, direct-current, volt meter, scale 150; one 
Weston, millivolt meter, 150 300; one Weston, portable shunt, 
150-15 amperes; one Weston portable shunt, 600-300 amperes; one 
Weston, alternating-current, volt meter, 150-300 volts; one magneto, 
25000 ohms; and high-potential, testing transformer, capacity kw., 
range 100-10000 volts. 

The engine-driven exciter consists 8-in., compound, Westing- 
house engine, operating speed 375 rev. per min., and having 
pressure, direct-connected 35-kw., direct-current, compound-wound, 
engine-type generator, operating 125 volts and 375 rev. per min. The 
motor-driven exciters consist 75-h.p., type-C, three-phase, 200- 
volt, induction motor, and 50-kw., direct-current, compound- 
wound, 125-volt generator, operating 685 rev. per min., mounted 
common shaft and bed-plate. 

The motor-driven, Brush-are sets consist 200-h.p., 125-light, 
3-phase, 60-cycle, induction motor, direct-connected 
two 12-B, Brush-are machines, complete with couplings mounted 
common wood base, the motor having oil-immersed auto-starter 
capacity start load. The 10-h.p., CCL motors are 60-cycle, 
220-volt, induction motors, operating 850 rev. per min., with oil- 
immersed auto-starter and slide rails. The 10-kw. motor-generator set 
consists 10-kw., direct-current, compound-wound generator, operat- 
ing 125 volts 1120 rev. per min., and 15-h.p., CCL, 220-volt, 
1120-rev. per min., induction motor, mounted common 


shaft and bed-plate. The motor has oil-immersed auto-starter, and 
the generator furnished complete with field rheostat. 

The switch-boards for battery charging, the concourse basement, 
are arranged follows: No. consists three panels blue Vermont 
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marble, each panel in. wide, in. high, and in. thick, divided 
into two sections, the upper in. long and the lower in. Panel 
controls ten regulating circuits, each taking care 
range voltage volts, and has mounted upon the following 
apparatus: Ten 100-ampere, 7-point, drum controllers, ten 100-ampere 
single-pole, double-throw knife-switches, and one 20-point, volt-meter 
receptacle, while the back there are ten 100-ampere, enclosed fuses. 
Panels and are arranged take care charging circuits 
about amperes each, and have the following apparatus mounted 
each: Anderson charging receptacles, lamp brackets, and 
110-volt, incandescent lamps. Supplied with the panels are 
Anderson charging plugs, each with ft. flexible cable. swing- 
ing brackets the ends these panels there are one 150-volt, illumi- 
nated-dial, direct-current, volt meter, and one 150-ampere, illuminated- 
dial, direct-current ammeter. The second switch-board consists 
two panels, Nos. and each being duplicates corresponding 
panels Switch-board No. swinging brackets the ends 
these panels there are one 150-volt, illuminated-dial, direct- 
current, volt meter, and one 150-ampere, illuminated-dial, direct- 
current ammeter. 

All wiring, except high-tension wiring, with the 
November, 1903, Yards and Docks Specifications the Navy, 
and all wires used connection with the control board have flame- 
proof covering. 

Refrigerating Carbondale Machine Company, Car- 
bondale, Pa., furnished and erected Carbondale, absorption-type, 
refrigerating plant the south end the power-plant. has 
nominal cooling capacity equal that tons melting ice every 
hours. capable cooling from 75° 40° Fahr., and cir- 
culating 600 gal. drinking water per hour; cooling 30000 ft. 
refrigerator boxes the kitchen, serving-, and lunch-rooms 38° 
Fahr.; cu. ft. space the mortuary chamber 32° Fahr., 
and freezing gal. ice-cream. 

performing this work, the drinking water cooled ammonia 
coils, and all other refrigeration brine coils, the plant being guar- 
anteed cool 200 gal. brine from temperature —5° Fahr. 


per min. 


The plant made the following parts: generator, 
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analyzer, exchanger, rectifier, condenser, atmospheric 
absorber, weak-liquor cooler, anhydrous receiver, aqua receiver, 
brine cooler, two aqua ammonia pumps, two brine pumps and two 
drinking-water circulating pumps. 

The generator has cast-iron shell, about ft. long, with flanged 
one end receive the analyzer shell, and four lugs the other 
end for carrying the exchanger shell. Its steam coils are heavy 
lap-welded pipe with cast-steel bends. 

The analyzer has shell, about ft. long, and rests 
the T-nozzle the generator. has cast-iron analyzer trays caulked 
into the analyzer shell with lead packing. The exchanger mounted 
the lugs the generator and supported ornamental columns. 
has cast-iron shell, about ft. long, and has spiral coils 1-in 
and pipe. 

The rectifier 3-in., lap-welded, extra-heavy, wrought-iron pipe 
submerged tank supported iron standards above the generator. 
The condenser the atmospheric type, and four sections, each 
section containing runs 2-in., extra-heavy pipe. The brine 


has cast-iron shell, about ft. long, and spiral brine coils, 
the inlet and outlet ends which are connected with the brine circu- 
lating pipes. 


The atmospheric absorber four sections, each having runs 
3-in. ammonia pipe. The two aqua ammonia pumps are the 
direct-acting type, and were built the Foster Pump Works. The 
cylinders are in. diameter, with stroke in. set four 
nickel-rim pressure gauges with 8-in. cases marked, respectively, gen- 
erator, cooler, absorber, and steam, mounted ornamental iron 
frame with necessary shelf and brackets, and three sets 
Ball gauge cocks with glasses for indicating the liquid level the 
several parts, were supplied with this plant. 

Each part the machine was constructed stand test under 
pressure not less than 500 per sq. in., before leaving 
the works, and all coils stand air pressure not less than 300 
per sq. in. while submerged water for the purpose locating the 
leaks. The bodies the generator, exchanger, analyzer, and cooler are 
covered with insulating material and finished with hardwood sectional 
lagging bound with nickel hoops. This apparatus operated city 
water and superheated steam 150 lb. pressure, and the neces- 
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sary pumping and refrigeration will require not more than 800 
superheated steam. The steam for operating the generator obtained 
from the exhaust the ammonia, brine, and drinking-water circulating 
pumps. 

The brine drawn from storage tank and circulated through the 
brine cooler the refrigerating machine the brine-circulating 
pump. The cooled brine discharged from the cooler coils and 
about 1800 ft. the brine coils the service- and storage-rooms 
the station, thence returned the brine tank the power-house 
cooled again. The brine coils the cold-storage rooms are 
galvanized-iron pipe, and have return bends centers and 
coils about 100 ft. run, each coil being controlled valve inlet 
and outlet and fitted with cock for the removal air. The 
main from the brine tank the pump suction in. diameter, that 
from the pump discharge the cooler inlet in. 

The brine pumps are the duplex, double-acting, service type, built 
the Deane Pump Works, with 6-in. cylinders and 12-in. stroke. 
The brine-storage tank has capacity 3500 gal., and two 
sections, each ft. The brine made “Solvay” chloride 
calcium, 1.225 specific gravity. 

The drinking-water circulating system arranged follows: 
Water supplied the storage tanks under city pressure, the supply 
being controlled float-valve, and cooled circulating ammonia 
coils submerged the tanks. these tanks the water circulated 
pumps through the flow and return mains the drinking fountains 
the station and the express building. 

The water-cooling and storage tank, two sections, each 
contains 200 lin. ft. galvanized, jointless, direct-expansion, ammonia 
coils, sections, each controlled inlet and outlet valves. The 
water-circulating pumps are the double-duplex type, the pump 
cylinders, in. diameter with 12-in. stroke, are bronze-fitted 
the plunger end. They were built the Deane Pump Works. 

The operation this plant briefly follows: Sufficient com- 
mercial aqua ammonia submerge the coils completely placed 
the generator shell. When heat applied, passing exhaust steam 
through the coils, the aqua ammonia gives some its vapor, which 
passes through the analyzer the rectifier, where any water vapor 
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trapped and returned through drip line the analyzer, from 
which passes gravity into the generator. This ammonia gas, 
which hot and high pressure, after leaving the rectifier passes 
into the condenser where cooled point which liquefies 
under that pressure. The pressure the generator, rectifier, and 
condenser fixed the temperature the condensing 

This liquefied anhydrous ammonia then flows into receiver having 
gauge glasses for the purpose indicating the level the liquid. 
The anhydrous ammonia then admitted into the brine cooler 
expansion valve, and there, owing its expansion from the high 
pressure the condenser the low pressure the cooler, con- 
verted gas. This change state absorbs heat from the brine 
which being through the coils the cooler the brine 
pump. 

The ammonia gas, having performed its function the brine 
cooler, now returned the generator the absorber, which con- 
sists vertical stand pipes over the outside which water from 
the condenser passes for the purpose cooling it. The ammonia gas 
drawn from the cooler into the absorber reason its affinity 
for water. order utilize this property, advantage taken the 
fact that, owing the difference specific gravities, the weakest 
aqua ammonia lies the bottom the generator. small pipe, 
therefore, led from the bottom the generator through the coil 
the exchanger, thence through the weak-liquor cooler the absorber, 
where, spray valve, the weak ammonia liquor mixes with the gas 
coming from the brine cooler, absorbs rapidly, and produces 
suction action which tends draw gas from the cooler continuously. 

The mixing the weak liquor with the strong gas from the cooler 
forms strong aqua ammonia, which flows from the absorber the aqua 
receiver, from which pumped small direct-acting pump 
through the exchanger into the analyzer, from which point flows 
gravity into the generator. this way the strength the solution 
the generator maintained and the operation distillation 
made continuous. 

The exchanger installed the interest economy steam, 
follows: The hot weak liquor, passing from the generator the 
weak-liquor cooler, passes through the exchanger, where its heat 
utilized raising the temperature the strong aqua ammonia coming 
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from the absorber; conversely, the cold, strong aqua ammonia assists 
cooling the weak liquor its way the weak-liquor cooler. The 
colder the weak liquor the more gas will absorb, and the warmer the 
strong ammonia when reaching the generator the less heat will 
required generate the gas. 

The practical working machine this style very simple. 
Under proper operation the steam-pressure regulating-valve the 
distillation practically uniform. The speed the ammonia pump 
controlled float-valve which maintains constant level the 
aqua receiver and generator. Under the above conditions the only 
variation the expansion-valve, which must regulated suit 
the temperature desired the brine cooler. When the cooling load 
fairly constant very little adjustment necessary any the 
valves, long the steam pressure unchanged. 

The advantages the absorption system are its ability utilize 
exhaust steam, the possibility obtaining lower temperatures than 
from compression machines the same rated capacity, the durability 
the parts, simplicity operation, absence noise and vibration, 
minimum number and low speed moving parts, adaptability space 
conditions, and safety with regard fire insurance. 

Crane.—The Niles-Bement-Pond Company, Philadelphia, Pa., 
furnished and erected overhead, three-motor, electric, traveling, 
10-ton crane, the engine-room runway put connection 
with the structural steel framework the power-house, the span being 
ft. in., approximately the width the room. 

The hoist designed for working load 20000 lb. and test 
load 000 with maximum lift ft. The running rigging 
extra-pliable, plow-steel, wire rope. The hoist operated 20-h.p. 
motor, and has speed ft. per min. under full load, and 
ft. under load. The trolley motor 3-h.p., with speed 100 ft. 
per min. under full load, and 125 ft. under load. The bridge motor 
74-h.p., and has speed 250 ft. per min. under full load, and 
300 ft. under load. The girders are the box type; the motors 
and controllers are the Niles type, and operate direct current 
125 volts. 

Blow-off Tanks.—At the base the chimney there are two blow- 
off tanks, each ft. long, in. diameter, and steel plates. 
The boilers are connected with these tanks 3-in. main, with 23-in. 
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front and rear connections with each boiler. Each tank has capacity 
about gal. There 6-in. connection between the tops the 
tanks and the exhaust riser the stack, and sewer connections are 
made with the bottom each tank. 

Oil Filters—An oil-filtering system, consisting two 300-gal. 
filters connected one 250-gal. storage tank, three 60-gal. oil-storage 
tanks, one storage reservoir, in. diameter and in. high, two 
cast-iron, galvanized sinks, and two 3-in. duplex, double-act- 
ing, steam pumps, with the necessary fittings, was furnished the 
American Automatic Oil Filter Company, Philadelphia, Pa. 

Piping piping the power-plant and between the 
power-plant and the station and express building, except that the 
drinking-water and brine-circulating systems, was put 
Mitchell and Company, Philadelphia, Pa. The drinking-water pip- 
ing was put the Wells and Newton Company, New York, and the 
brine piping the Machine Company, Carbondale, Pa. 

The arrangement the steam piping the power-plant very 
simple. consists essentially 10-in. main header extending the 
length the boiler-room and the rear the boiler settings. The 
connections between the boilers and the header are ‘made through the 
super-heaters 6-in. connecting the outlet each super- 
heater long-radius bend with the top the header. 

The header divided into sections, with valves and by-passes, 
one for each boiler unit installed, with three sections blank for future 
extension boiler units. Short direct connections are made with the 
steam-using machinery the engine-room through openings the 
longitudinal wall between the engine- and boiler-rooms. The blow- 
off piping consists 3-in. mains, with 24-in. front and rear connections 
with each boiler, and 6-i1. connection between the blow-off tanks 
and the exhaust riser the stack. 

The water supply for the power-plant, station, express building, and 
train yard received through the power-plant from two sources: 
12-in. connection with 24-in. main Street, and emer- 

gency connection with 12-in. main Street, being provided 
the line opposite the southwest corner the power-house, with the 
necessary valves and by-passes. From this point the supply 
ried the various tanks the south end the plant, the con- 
densing machinery, feed-water heaters, and pumps. 
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The circulating piping between the condensing machinery and 
the cooling tower consists 24-in. suction line and 24-in. discharge 
line, the latter terminating 18-in. stand-pipe the center the 
tower. There also cold-water connection and 8-in. over- 
flow between the cooling tower cistern and the power-house. 

The general piping between the power-plant and the station and 
express building, most which connects directly with the power- 
house equipment, consists of: 2-in. drinking-water circuit the 
station and 1-in. circuit the express building; 3-in. brine-circulat- 
ing system the station; 8-in. hydraulic-elevator circuit (with 4-in. 
branches Street leading the express building and 6-in. branches 
the concourse, one group leading the baggage elevators the 
south end the train yard, the other the elevators the station 
proper); 16-in. exhaust steam line for heating, with 8-in. branch 
the express building; 4-in. return for condensation from the 
station and express building; 8-in. steam line for car-heating and 
cooking (branching near Street into 4-in. line the express 
building, 3-in. line the station, and 6-in. line the concourse, 
which point 3-in. branch carried into the station, the 6-in. line 
running along the concourse for car-heating the station tracks) 
8-in. fire line, with 6-in. branch the express building; 6-in. 
water line, with 3-in. branch the express building; 3-in. air line 
the concourse, with 3-in. branch the express building and 
air line for the elevator system, with 14-in. branch the ex- 
press building. 

Rolled-steel, lap-joint flanges were used joining all these pipes 
except the smaller sizes, which were put together with screw flanges. 
Expansion bends were used the 4-in. steam return and the 6-in. 
live-steam supply the main tunnel. were used 
elsewhere all steam supply and return lines. 

Pipe Covering.—All the piping, except the drinking-water circuit, 
was covered the Philip Carey Company, Lockland, Ohio. all 
the pipes, valves, fittings, and flanges all high-pressure steam lines, 
high-pressure steam drips, exhaust lines, and return hot-water lines, 
85% magnesia sectional covering was used. The thickness the cov- 
ering all high-pressure steam lines and other lines in. diameter 
and greater was in.; all lines more than in. and less than in. 
diameter, was in.; and for lines in. diameter and less, in. 
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The covering was secured staples applied along the joints inter- 
vals in., and bound with No. galvanized-iron wire intervals 
in. The joints and cracks between the sections covering were 
filled and pointed with magnesia cement. Over this cover- 
ing was placed 8-oz. duck jacket, securely stitched place and fin- 
ished with two coats approved paint. The brine piping, including 
the valves, fittings, and flanges, has sectional, cork covering, in. 
thick. The sections were cemented together, bound with No. gal- 
vanized-iron wire, and finished with two coats hot asphaltum. The 
pressure and discharge lines for elevators, fire lines, building service, 
and air lines, including valves, fittings, and flanges, have sectional 
cork covering, in. thick, cemented and bound above, and covered 
with canvas jacket, finished with two coats approved paint. 

The Philip Carey Company also applied covering boiler drums, 
feed-water heaters, and turbine connections, lined the boiler nozzles, 
smoke-flues, and uptakes, and cleaned and painted pipes and miscella- 
neous apparatus the plant. 

Elevator elevator system, exclusive the general 
piping, was put Morse, Williams and Company, Philadelphia, 
now the Otis Elevator Company. consists one baggage, one 
freight, and two passenger elevators, and three dumb-waiters the 
station, three baggage elevators the basement under the concourse, 
eight baggage elevators the train yard along the north line the 
concourse, five express elevators the express building, and one 
freight elevator each the power-house and inspectors’ building. 

With the exception the dumb-waiters, the entire system the 
type, operated under closed-tank system, with 
pressure the pumps from 300 320 per sq. in. the supply 
line and back-pressure about lb. the return line. Discharge 
tanks were placed the attic, but, owing the fact that there are 
individual pressure and discharge tanks each elevator, more satis- 
factory operation has been obtained without the use the attic tanks. 
The dumb-waiters are operated motors. 

Table shows the numbers which the elevators are now desig- 
nated, the letters used the architects designating the groups when 
the contract was made, the location, kind service performed, the 
rise, and the number and size tanks used the pressure and dis- 
charge lines each elevator. The pressure tanks arranged have 
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capacities equal six times the discharge the plungers, and are 
filled with air and water equal proportions. 

Each passenger elevator has lifting capacity 000 speed 
250 ft. per min., and, with load 1200 speed 350 ft. per 
min. can attained. The freight elevators have capacity 
lb. speed 250 ft. per min., and maximum lifting capacity 
lb. slow speed. The baggage and express lifts have capacity 
7000 lb. speed about ft. per min. Two the dumb- 
waiters have capacity 100 lb. speed 200 ft. per min., the 
third has capacity 250 lb. speed 100 ft. per min. 

All the are encased 3-in. wrought-iron casings for 
their entire depth, and made standard wrought-iron pipe, with out- 
side couplings and inside brass liners the joints. The plungers are 
heavy steel tubing, surfaced and polished lathes. The cars 
the passenger and service elevators the station are mahogany 
and ornamental iron. The floors and platforms all elevators are 
clear quarter-sawed maple. 


The two passenger elevators and the service elevator the head- 
house have flash-light annunciators, and are controlled wheel and 
device. There also safety device which prevents 
the doors from being opened except the operator the car, and locks 
the controlling device when the car landing with the door open, 
thus the car cannot leave the floor until the door closed. 

The baggage and express elevators, and the freight elevators the 
power-house and inspectors’ building are operated hand 
each floor they have substantial iron enclosures, with gates arranged 
raised each floor operating device the lift. There are 
iron shields deflectors the under side all floor openings. The 
dumb-waiters are operated system push-buttons; the doors 
must closed before the car leaves the floor, and cannot opened 
until arrives the landing which dispatched. 

The general piping for the elevator system was furnished and put 
Mitchell and Company, Philadelphia, Pa., and included 
the supply and return pipes extending from the power-house through 
the pipe tunnel the station, and thence all elevators and con- 
necting with the pipes leading the tanks the attic. All elevator 
pipes the station and express building are laid concrete trenches 
covered with cast-iron plates. 
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Express 450-ft. building was erected along Sec- 
ond Street between and E., opposite the power-house, 
for the Adams, Southern, and United States Express Companies. The 
structure brick and steel, with roof red Spanish tile, the 
architectural treatment and general construction being similar that 
the power-house the opposite side the yard. The two structures 
form group buildings very pleasing design flanking the entrance 
the train yard. 

The express building consists basement, with underground 
driveways ft. wide along the east and west sides and north end; 
main track-level floor, with driveway along the east side and tracks 
adjoining the west side and north end; second office floor; and 
attic storeroom. The floors the basement and main story are 
concrete, the other floors are wood. Fire-walls divide the 
building into three sections, the southernmost being used the 
United States Express Company, the other two the Adams and 
Southern Express Companies, jointly. 

The building has five hydraulic-plunger elevators, three extending 
from the basement the office floor, and two from the basement the 
main floor only. lighted electricity, the office floor incan- 
descent lamps, the other floors are lamps. Fire protection pro- 
vided hydrants outside and hose connections fire-risers inside the 
building. There are two fire-proof vaults each floor, including the 
basement, one the section occupied the United States Company, 
the other that occupied the Adams and Southern Companies. 
There are drinking fountains, connected with the general drinking- 
water system, ‘all parts the building. 

The tracks approach the building angle about 13°, 
provide more standing room for cars. They are pairs and are 
separated trucking platforms, the entire layout capacity 
about cars. The tracks and platforms are covered for some dis- 
tance from the building concrete-steel shelter sheds for facilitating 
the handling express matter inclement weather. 

All work connection with the construction the express build- 
ing, power-house, and Street interlocking tower, except furnishing 
and erecting the steelwork, and putting the electric conduits and 
lighting fixtures, was done James Stewart and Company, New 
York. The steelwork was furnished and erected the American 
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Bridge Company, New York, and the electrical work was done 
Schulman, Cincinnati, Ohio. These structures are more fully 
described elsewhere this paper. 

The umbrella sheds and platforms, which reference made else- 
where, and the stairways leading from the concourse the low-level 
tracks, were also constructed James Stewart and Company, who fur- 
nished all labor and material, except for the conduits and lighting fix- 
tures, which were provided and put Mr. Schulman. The archi- 


‘tectural work was executed Burnham and Company, 


Chicago. 
INTERLOCKING. 

Three interlocking plants were put the 
Union Switch and Signal Company, Pittsburg, Pa. One between 
New York Avenue and Florida Avenue, the west side the tracks 
the Metropolitan Branch the Baltimore and Ohio Railroad, known 
the New York Avenue Tower. controls the switches and signals 
the scissors-crossing the point convergence the railroad 
lines entering the terminal from the north, and the switches and sig- 
nals governing the movements equipment between the coach and 
engine yard and the station. Another the south side Street, 
the center the throat the train yard, and known the 
Street Tower. controls the switches and signals governing the move- 
ments and out the train yard. The third immediately north 
the concourse line, the entrance First Street Tunnel. con- 
trols the switches and signals under Massachusetts Avenue Plaza, and 
known the Massachusetts Avenue Tower. 

addition the interlocking plants, above noted, there 
system connecting with the outlying towers, and 
train-starting signal system, the latter being the first its kind 
put service. 

The New York Avenue machine has 71-lever frame with work- 
ing levers; the Street, the largest the group, has 191-lever 
frame with 162 working levers; the Massachusetts Avenue, the smallest 
the three, has 29-lever frame with working levers. Out 
total 291 lever spaces the three machines, there are 240 active 
levers, leaving spaces for future extensions. There are 108 working 
switch levers, operating single switches, derails, and slip- 
switches with movable-point frogs. There are 106 working signal 
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levers, operating 251 three-position signals and 157 two-position sig- 
nals, total 408 signals. the working signals, are light 
signals the Massachusetts Avenue plant for tunnel operation. 
addition the total 408 working signals, there are 164 fixed blades 
for carrying out the speed-signaling principle. 

The adoption electro-pneumatic machines with right-and-left 
lever operation, effected saving signal levers over any other 
type power machine, and consequent reduction the size the 
towers. There was also great saving space the yard over what 
could have been accomplished with any other than straight electric 
plant. The pipes, racks, cranks, and other equipment manual 
machine could not have been put operate the large number 
switches and signals these localities without interfering seriously 
with the track layout. 

The New York Avenue Tower three-story-and-basement struc- 
ture, ft. in. wide and ft. in. long, with one-story extensions, 
ft. in. wide and ft. long, each end. The basement 
concrete, the first and second stories brick, and the third frame 
construction covered with sheet copper. The roof wood covered 
with Ludowici tile. The basement contains the heating apparatus, 
coal bins, and transformer vault. The offices, repair-room, battery- 
room, and toilet are the first floor. The relays and switch-board 
are the second floor. The machine, track diagram, telegraph in- 
struments and indicators, and push-button cabinets used connection 
with the system are the third floor. 

The Street Tower three-story-and-basement structure, ft. 
in. wide the basement, first, and second stories, and ft. long. 
The third story ft. wide and long. has one-story exten- 
sion, ft. in. wide and ft. long, the north end, and another 
the south end the same width and ft. long. The basement 
concrete, and extends the entire length the tower, including the 
extensions. The first and second stories are brick and the third 
story steel framework and terra cotta covered with copper. The 
roof steel frame with book tile, cinder concrete, and red Spanish 
tile. The basement contains the transformer vault, battery racks, and 
racks for cables. The first floor used for offices, storeroom for repair 
material, toilet, and room for motor-generator set. The switch-boards, 
relays, and the spring combination plates and rollers the interlock- 
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ing machine are the second floor. The combination plates and rollers 
are mounted vertically and attached structural steel frame pro- 
vided especially for this purpose. This arrangement was found nec- 
essary account the large amount selecting for the control 
the home signals and detector circuits, and more especially 
the selecting for the third position the signals. 

The Massachusetts Avenue Tower 
structure, ft. wide and ft. long. The basement concrete 
and brick, the first story steel frame and hollow tile covered with 
copper. The roof steel frame with book tile, concrete, and red 
Spanish tile. 

The machines these towers are the Union Switch and Signal 
Company’s standard type, with standard equipment 
for detector circuits, which, through the use indica- 
tion locks, prevents the switch levers from being moved out position 
the relays any the track circuits affecting any particular switch 
are opened the presence train these particular track cir- 
cuits. The track circuits are arranged obtain the maximum 
protection, both for the switch-point itself and all fouling movements, 
and, with this end view, the track circuits are carried least 100 
ft. ahead all switch-points, and every case far back the 
fouling point. the case the ladder containing double slip- 
switches, the detector circuits were carried, with slip-switches reversed, 
the the next parallel track, selection the lever 
roller. This done when sufficient facing-point protection cannot 
obtained without locking the switches unnecessarily. 

The illuminated track diagrams consist miniature reproduc- 
tion the entire track layout controlled from each machine, sup- 
ported iron-pipe stanchions the backs the machines 
convenient height for quick reading the operators. The fronts 
the diagrams are glass painted black, except the long slots 
representing the tracks, behind which there are 14-volt lamps. 
Aluminum partitions separate the diagrams into sections representing 
those the track. The lamps for lighting this diagram burn con- 
tinuously except when track sections are occupied trains, when the 
current cut off automatically. The wires between the controlling 
relays and the lamps the model are carried the iron-pipe stan- 
chions supporting the model. 
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This design for track diagrams has some points superiority over 
the mechanically-actuated track model, particularly that feature 
which the locations trains are shown the territory covered the 
diagram. The usual form mechanical model only shows the routes 
set up, with visible apparatus permitting one follow the move- 
ments. The model the Street Tower the largest ever built, 
being ft. in. long, ft. in. wide, and in. thick. contains 
750 lamps, arranged repeat 130 track sections, and fine example 
good design and workmanship. 

system locking has been established between the three towers 
and the outlying towers Second Street and Virginia Ave- 
nue, the southern connection; Rhode Island Avenue, the 
Baltimore and Ohio Railroad’s western connection; and 12th Street 
and New York Avenue, the Baltimore and Ohio and the Philadel- 
phia, Baltimore, and Washington Railroad’s eastern connection, 
which movements opposing the established direction traffic tracks 
connecting all towers are prevented. 

designing the signal layout the terminal property, the three- 
position speed system, with signals the upper quadrant, was 
adopted. The upper arm all cases controls the highest speed routes; 
the second middle arm controls all routes where moderately high 
speed can maintained, and the lower arm all cases leads routes 
where only low speeds are permissible. The low-speed signals, how- 
ever, are provided with special circuit, which, means push- 
button operated permission the train director, stick relay may 
thrown series with the magnet the low-speed arm, clearing 
the latter for the different routes which may All sig- 
nals assume automatically the clear 90° position from the next high- 
speed signal ahead over the route set up, providing the signal ad- 
vance the 45° clear 90° position. 

The signals are supported signal bridges, which were fur- 
nished the American Bridge Company, New York, the 
Toledo-Massillon Bridge Company, Massillon, Ohio, and Bar- 
ber and Ross, Washington, The bridges range length 
from 145 ft., and all but those furnished Barber and Ross are 
supported steel bents anchored concrete foundations. Those 
furnished Barber and Ross are supported the tops the um- 
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brella sheds near the north entrance the First Street Tunnel, and 
signals controlling movements into the tunnel. 

Each tower provided with duplicate groups batteries such 
number cells meet the requirements; these are either the 
battery-room the tower boxes cupboards the bents the 
signal bridges, distributed shown Table 


TABLE 3.—STORAGE BATTERIES FOR INTERLOCKING PLANT. 


Tower. Where placed. 


Battery-room, Tower. 
Box, west end, Signal Bridge K.” 
Box, east end, Signal Bridge 
Box, west end, Signal Bridge 
Automatic signals. Metropolitan Branch. 


New York Avenue, Tower. 


Box, east end, Signal Bridge E.” 

Street, Tower... Box, west end, Signal Bridge 

Box, west end, Signal Bridge 

158 Battery-room, Tower, middle wall. 
Box No. First Street Tunnel. 


Box Signal No. 1366, First Street Tunnel. 
| 


Massachusetts 


Eighty storage batteries the chloride accumulator 
type, furnished the Electric Storage Battery Company, Phila- 
delphia, Pa., are used for energizing the track indicators, 
relays, and electric locks. 

The batteries are duplicate order permit the charging 
one half while the other half discharging, without influencing the 
discharging side. All cells are grouped and located each point 
operate the various functions for period days minimum 
from one charging. For charging, the batteries are connected series, 


and for discharging, parallel. This operation effected special 
switches. 


All the 2-volt track batteries discharge multiple, but the inter- 
locking batteries, where from volts are used customarily, the 
cells are arranged for discharge groups seven cells each, series, 


and sufficient number these series are grouped parallel last 
the required days. The batteries are charged from Street Tower, 
where the motor-generator set located. There are 263 track circuits 
the layout, representing the equivalent miles single track, 
and all are fed from storage batteries volts. 

There are 734 relays the entire layout, 263 which are track 
relays. All are enclosed suitable cupboards and Those 
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over the yard are housed cupboards built the bents 
the signal bridges. the towers the relays are enclosed com- 
bined rack and terminal board, suggested the Signal Company, 
but built the Terminal Company, which all relays and wires 
are readily accessible. Flexible electric-light cord used between the 
binding posts the relays and those the terminal board, that 
the relays can handled and inspected without disturbing the con- 
nections. The relays are distributed shown Table 


TABLE 4.—NUMBER RELAYS INTERLOCKING PLANT, AND 
THEIR DISTRIBUTION. 


o 
Tower. Capacity. Where placed. 
> @ 


Box, west end, Signal Bridge 

Box, west end, Signal Bridge 

Box, west end, Signal Bridge 

Signal No. Washington Branch, 
Automatic Signals, Metropolitan 

Signal Bridge Branch. 


New York Avenue, 
Tower. 


“ 


Box, east end, Signal Bridge 
Box, east end, Signal Bridge 
Box, eenter Bridge 
Box, center Signal Bridge 


12-ohm 
12-ohm 


Relay- First Street Tunnel. 
. 


12-ohm |Box, east end, Signal Bridge 
12-ohm |Box, west end, Signal Bridge 
12-ohm east end, Signal Bridge 
12-ohm west end, Signal Bridge 
Tower. 12-ohm |Box, west end, Signal Bridge 
12-ohm |Box, between Tower and Bridge and 
tracks. 


The signals are lighted electricity, one 110-volt lamp 
being used for each signal. The lights each side each inter- 
locking are controlled fused knife-switch the switch-board 
each tower. There also fused knife-switch each signal bridge. 
The branch wires leading the signal poles are encased loricated 


i 
‘ 
12-ohm 
12-ohm 
2 12-ohm 
12-ohm 
150-ohm 
1000-ohm 
wi 


1070 WASHINGTON PASSENGER TERMINAL STATION 


pipe. Cast-iron junction boxes, containing binding posts mounted 
slate slabs, are used the junctions the loricated pipes. 

The mechanism for operating the three-position signals consists 
two vertical cylinders, the compressed air being admitted and released 
the standard magnet and valve. cylinder 
operates rack suitable guide, the racks each pair cylinders 
facing each other. Between the two racks there floating pinion, 
which the rod for operating the blade attached. This method 
operating the three-position upper-quadrant signals was first applied 
this work, and marked improvement the mechanism for con- 
trolling signals this style. 

The system push-buttons and semaphore 
indicators the towers and wire connections between them for 
the purpose announcing the movements trains push-buttons. 
This system, addition announcing the movements, gives infor- 
mation the class, destination, and routing trains and equip- 
ment, and facilitates prompt disposition after they have been an- 
nounced. The system much quicker than telephone telegraph, 
and equally sure. The apparatus consists 272 semaphore indicators, 
288 push-buttons, and train describers. The wire used the sys- 
tem standard, lead-covered, telephone cable, containing 160 No. 

The train-starting system, providing for communication between 
train conductors, gatemen the concourse, and tower directors, 
quite novel. the first its kind installed, and consists 
light signals controlled the above employees. intervals 180 ft. 
along each platform, the columns supporting the train shed, there 
are light boxes consisting two separate lenses behind which there are 
electric lamps normally dark, and circuit controller operated 
key similar latch key. This method control instead push- 
button device was adopted order prevent unauthorized persons 
from tampering with the system. each platform gate there are two 
lamps, normally dark, enclosed opalescent globes, and supported 
brackets attached the gate post opposite that front which the 
gateman stands while examining tickets and directing passengers 
the trains. Street and Massachusetts Avenue towers there are 
aluminum each containing three lamps, normally dark, for 
each track over which each tower exercises control. The cabinet 
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Street tower contains sets, set for each track the train yard; 
the cabinet Massachusetts Avenue tower has for controlling the 
movements the nine low-level tracks connecting with the 

About one minute before his train due leave, the conductor 
inserts his key the bottom the light box facing the track upon 
which his train stands and operates the circuit controller, lighting 
one the three lights the cabinet the tower. The train director 
arranges the route and when ready presses button the cabinet, 
extinguishing the light therein and the same time lighting 
another light the cabinet and one each the columns and one 
the concourse gate. When the time arrives for the departure the 
train, the gateman closes the gate and operates switch cabinet 
near by, which lights second light the columns and the gate, 
and the third light the tower. This gives the conductor the signal 
move his train out the shed the interlocking signals, from 
which point the movements are governed the usual manner. After 
the train leaves the shed, the lights are extinguished the train 
director. 

The compressed air for the operation the switches and signals 
throughout the system the Nordberg compressors 
the power-house First and Streets, conveyed the 
different functions through galvanized-iron pipe pressure 
from the complete system embracing two lines 2-in. 
pipe extending from Massachusetts Avenue New York Avenue. 
Connections between the two lines are made carrying the cross- 
connections over the bridges. With proper system valves, 
possible operate the entire layout from one line, leaving the other 
line accessible for repairs. Normally, however, both lines are service. 
Before going into the system, the air passed through atmospheric 
after-cooler near the power-house; this cools and dries the air, 
order that moisture may not freeze the valves. The current for 
charging storage batteries and lighting signals also obtained from 
the power-house, where generated the Westinghouse-Parsons 
turbo-generators. 

This signal scheme the result the combined ideas the Signal 
Departments the Baltimore and Ohio and the Pennsylvanig Rail- 
roads; the principles carried out embody the best each, the stand- 
ards being those use both roads. 
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this layout ft. insulated copper wire and 000 ft. 
2-in. galvanized-iron pipe were used, the equivalent nearly 
570 miles single conductor and miles iron pipe. 

The track arrangement covered the New York Avenue inter- 
locking plant consists four double-track main lines, two operated 
the Baltimore and Ohio Railroad, one the Philadelphia, Balti- 
more, and Washington Railroad, and one the Washington Terminal 
Company equipment tracks between the station and the shops, to- 
gether with two switching tracks, one each side the eight tracks 
above mentioned. The layout comprises double slip-switches with 
movable-point frogs, and single switches. 

The Street plant, the throat the train yard, controls the 
switches and signals ‘the track layout, permitting movements from 
the extreme east west approach tracks the opposite extreme 
tracks the train yard. Normally, eight out movements can 
made simultaneously the high-level tracks and two the low-level. 
This plant operates double slip-switches with movable-point frogs, 
single switches, and derails, with the corresponding signals. 

The track arrangement Massachusetts Avenue quite simple. 
this point nine tracks merge two tracks leading south through 
the twin tunnel under Capitol Hill connection with the main 
tracks the Philadelphia, Baltimore, and Washington Railroad Vir- 
ginia Avenue. This accomplished the use two double slip- 
switches with movable-point frogs, seven single switches, and one fixed 
crossing, the latter permitting movements the extreme sides the 
train yards from either tunnel track. 

The points special interest this interlocking layout are the 
use the three-position speed signals, involving the upper-quadrant 
principle operation; the use electric detector circuits for locking 
the switch levers, lieu detector bars; the illuminated track dia- 
grams; the intercommunication system; the train-starting signal sys- 
tem; and the use electricity for lighting the signals. 

The Union Switch and Signal Company originated the upper- 
quadrant principle and the detector circuits, the first use 
the former antedating the installation Washington about two 
years, the latter somewhat longer period. 

The plants, now completed and service, are, doubt, the 


most complete any built date, and are certainly credit the 
company which put them in. 
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The joint coach yard has,a capacity about 750 cars, and 
divided into two groups known the east and west sections. the 
west section the yard there are concrete platforms, ft. wide, the 
spaces between the tracks, for the use the cleaners. The tops 
the platforms are the same elevation the tops the rails 
adjacent tracks, thus permitting trucking across the tracks frequent 
intervals, which points there are plank crossings. 

This section the yard has complete piping system, comprising 
hot and cold water, steam supply and return, air, and vacuum. The 
pipes are laid concrete ducts which cross the yard, right angles 
the general direction the tracks, intervals about 140 ft. 
Extending north and south from the power-house are reinforced con- 
ducts, ft. in. wide and ft. high, which are the mains 
which the cross-pipes are attached. piping platform work has 
been done the east section the yard, will only used 
emergencies for the storage equipment. 

portion the west section the yard has been piped and wired 
for charging storage batteries cars while standing the cleaning 
tracks, and provision has been made for future extension the system 
other portions the yard when needed. has also been provided 
with cleaners’ building, battery-charging station, oil house, 
kindling-wood bin, charcoal storage building, three bedding sheds, 
carpet-cleaning shed, and power-plant along the east side. 

The cleaners’ building four-story steel and masonry structure, 


ft. wide and 200 ft. long, with 10-ft. cement platform along its 


east and west sides and its south end. has two standard electric 


freight elevators, with platforms ft. square, which travel from the 
first the fourth floor, distance about ft. The capacity 
these elevators 5000 speed ft. per min. 
operated 110-volt, direct-current motors. 


The battery-charging station 96-ft. brick building, with 
and composition roof. 


They are 


divided into generator-room 
and battery-room. The former equipped with three 50-kw. motor- 
generator sets, with switch-boards; the latter with the necessary racks, 
for caring for batteries. 

The oil house 50-ft. brick and concrete structure, and 
used principally for the storage oil used the cleaners, the supply 
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being obtained needed from the main oil house the shops. 
the charcoal storage building, brick structure, stored 
the charcoal used private and dining cars, ete. 
wood, for the use private and dining stored 
60-ft. frame bin. 

The bedding sheds, 300 ft. long and about ft. wide, are between 
the tracks, spaced 25-ft. centers, the west side the 
yard. The carpet-cleaning shed, ft. wide and ft. long, the 


north side Street bridge, immediately north the cleaners’ 
building. 


power-plant, ft., occupies space between the east and 
west sections the yard. comprises boiler- and engine-rooms, and 
was designed and equipped furnish steam heat, hot water, air for 
testing brakes cars, hydraulic pressure for fire protection, and 
power for operating vacuum cleaning system. has five 250-h.p. 
Babeock and Wilcox water-tube boilers, arranged for grouping 
batteries two each, the above equipment forming two and one-half 
batteries; the walls and foundations are built for one additional boiler, 
complete the other battery when needed. These boilers have total 
heating surface sq. ft., about 660 sq. ft. each boiler, 
and have Roney stokers, and the necessary engine, gears, fur- 
nished the Westinghouse Machine Company. stoker has 
grate area 51.3 sq. ft., approximately sq. ft. grate area for every 
ft. boiler heating surface, and sq. ft. for each horse power. 

connection with the Babeock and Wilcox boilers, there are five 
Patterson, graduated scale-beam, hydraulic, damper regulators, carrying 
steam pressure 150 lb. and having rigid connections with one 
main damper, control the draft and steam pressure. 

The Warren Webster Company furnished Webster, “Starr,” 
vacuum, feed-water heater, guaranteed heat 50000 lb. feed-water 
per hour from 40° 200-210° Fahr. when supplied with the proper 
amount steam pressure. This heater consists 
receptacle which cold water and exhaust steam are brought 
into contact. sealed against the admission air (hence the term 
vacuum) and has twelve perforated copper trays, each 134 in., 
total tray surface about sq. ft. 

The cold water admitted the highest point the heater shell 
through regulating valve, and passes into 
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trough with extended lip, from which flows even sheet the 
perforated trays. From this point, after passing from tray tray, 
falls settling chamber, where uniform level maintained 
copper sink-pan float. passing through the filter the impurities 
fall gravity the bottom, while the hot water passes through the 
hot-water outlet chamber from which flows the boiler-feed pump. 

The diameter the steanr inlet in.; cold-water inlet, in.; 
hot-water outlet, in.; overflow outlet, in.; and drain, in. The 
overflow carries off automatically any excess water, and the impurities 
are withdrawn through quick-opening drain valve. 

The Ingersoll-Rand Company furnished and erected cross-com- 
pound, Corliss, engine-driven compressor, having capacity 1000 
cu. ft. free air per min. The steam cylinders are and in. 
diameter; the air cylinders are and in. diameter, with 
common stroke in. designed operate rev. per min. 
under steam pressure 150 lb. per sq. in. against pressure 120 lb. 
When operating under these conditions the steam consumption should 
not exceed lb. per per hour. The inter-cooler the hori- 
zontal, steel-body type. composed galvanized-iron tubes through 
which water passes and presents cooling surface 300 sq. ft. the 
air which circulates about them., Cross baffle-plates are placed 
bring the air contact with the cooling surface repeatedly, the 
surface being sufficient reduce the temperature the air within 
10° 15° the temperature the cooling water. 

The Laidlaw-Dunn-Gordon Company furnished cross-compound, 
two-stage, Corliss, engine-driven compressor, having capacity 
1000 cu. ft. air per min. The steam cylinders are and in. 
diameter, the air cylinders and in., with common stroke 
in. The diameter the steam-supply connection in., and the 
exhaust in. The diameter the air-suction connection in., and 
the discharge in. designed operate with steam pressure 
150 non-condensing, speed rev. per min., against 
pressure 120 lb. This compressor has overhead inter-cooler 
the three-pass, counter-current type, admitting air the cooler shell 
through the port running around the cooler the top the shell, the 
air traversing the entire length the cooler three times and dis- 
charging the bottom. has 234 brass tubes, divided off 
two horizontal The tubes are ft. in. long, and 
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present cooling surface 300 sq. ft. When operating under normal 
conditions the steam consumption guaranteed not exceed 
per i.h.p. per hour. 

The Kellogg Company, New York, built the chimney for 
this power-house. has height 150 ft. above the foundation, 
inside diameter ft. in., and flue opening ft. in. wide and 
ft. high. cross-section from foundation top, and 
divided into nine sections, eight ft. in. and one ft. 
constructed improved, perforated, radial blocks with corrugated 
sides, and made hard-burned refractory clay. 

The blocks were laid mortar consisting part Portland 
cement, parts fresh-burned lump lime and parts clean sharp sand. 
preparing the mortar the sand and lime paste were mixed the 
usual manner; the cement was then added small quantities the 
mortar was required. The foundation was constructed the building 
contractor. 

The stack lined with 4-in. fire-brick height ft., the 
lining being divided into sections supported corbels formed the 
chimney walls. separated from the main brickwork 2-in. 
air space. The clean-out door, ft. wide and ft. high, hinged 
cast-iron frame, built into and secured the brickwork, the base 
the chimney. intervals about in. both the inside and 
outside the stack, there are round, galvanized-iron step-irons 
which form ladder extending from point about above the 
foundation the top. 

The chimney guaranteed withstand wind pressure lb. 
per sq. ft., and the action gases and heat from combustion 800° 
Fahr., for period five years from the date completion. pro- 
tected against lightning Ajax lightning conductor. 

The Vacuum Cleaner Company, New York, installed cleaning 
system consisting two 18-in. single, fork-frame, hori- 
zontal, steam-driven, vacuum pumps, built the Clayton Air Com- 
pressor Company, designed operate 120 rev. per min., each having 
displacement 1133 cu. ft. air per min. The steam consumption 
guaranteed not exceed per per hour, with steam 
pressure 150 lb. 

The pumps are connected that one both can operated, 
conditions require. separators, each in., were furnished, 
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one dry, the other wet. The plant designed operate twenty 12-in. 
renovators one time. make the plant available for cleaning 
coaches, there system piping, with necessary connections, over 
the entire west half the yard. All pipe heavy, galvanized, 
wrought-iron, with galvanized, cast-iron, recessed, long-sweep elbows, 
T’s, and Y’s. The sizes the main-line pipe are and in., 


with branches and in. The main pipes have plugged outlets 


for future extension the east portion the yard. The main line 
has three cut-off valves, permit repairing certain portions 
the line without cutting out the entire system. The equipment also 
contains 2000 ft. Voorhees, non-collapsible hose, 50-ft. lengths, 
hand renovators for curtains and car seats, 4-in. round-brush 
renovators, and sets extension tubes with observation glasses. 
Two 12-in. boiler feed-pumps were furnished the 
Platt Iron Works; two 10-in. circulating pumps and two 
12-in., underwriter, 750-gal., fire pumps were furnished 
the Blake and Knowles Steam Pump Works, and, for use connection 
with the hot-water supply the coach yard, the Chesapeake Machine 
Company furnished two tanks, 234 ft., each having capacity 


about 5000 gal. 


The shop and engine yard east the coach yard, and consists 
engine-storage tracks, car-repair tracks with drop-pit facilities, coal 
and ashes storage tracks, and the tracks used connection with the 
cinder and inspection pits, the coaling station and sand-house, and the 
roundhouses. 

The shop buildings and facilities consist two 25-stall round- 
houses, car-repair shop, machine and blacksmith shop, storehouse, 
power-house, enginemen’s building, oil-house, two ash-pits, two 
locomotive-pits, two steel water-tanks, coaling station, sand-house, 
drop-pits the repair yard, casting platforms and sheds, and tel- 
pherage system the west end the machine and shops for 
handling heavy castings. 

The roundhouses are brick buildings with slag roofs, ft. in. 
between the inner and outer walls, each stall being ft. in. wide 
the inner and ft. in. wide the outer end. There are engine- 
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pits every stall, and drop-pits certain stalls the north house. 
The buildings are heated steam, large radiators being placed against 
the outer wall each stall.. The entrances the stalls have Wilson, 
wood-slat, rolling doors, and the outer walls contain large windows, 
furnishing ample light. 

The shop 146-ft. brick building, with slag 
roof supported steel trusses. Skylights the roof provide ample 
light. The floor space divided into three rooms, one used 
lavatory and locker room, the other two car-repair and wheel and 
axle machine shops. 

The machine and blacksmith shop 145-ft. brick structure, 
with slag roof. divided into two sections, one used black- 
smith shop, the other machine shop. The machine shop divided 
into three bays the two lines columns which support the roof, and 
runway for traveling crane. There small office and tool-room 
one corner. 

The storehouse, 115 ft., has 20-ft. platform along the north 
side. The exterior walls are brick, and the roof reinforced concrete 
supported steel columns encased concrete. This construction was 
adopted order make the structure fire-proof. There store- 
keeper’s office one corner; the remainder the room filled with 
racks and shelving for the storage supplies. 

The power-house 117-ft. brick building, divided into 
three sections. The west section contains the boilers, boiler feed- 
pumps, feed-water heater, and the vacuum pump the heating system. 
The middle section contains the air compressor, boiler wash-out pump, 
two fire-pumps, and one after-cooler. The east section used 
electric sub-station, and contains three transformers and three 
motor-generator sets, with the necessary switch-boards, 

130-ft. casting platform the space between the 
blacksmith shop and the storehouse. There small frame structure 
this platform, which bar and sheet iron are stored. The 
remainder the area with its contents exposed the elements. 

The enginemen’s building 116-ft., two-story, brick 
ture, with Ludowici tile roof. The first floor contains offices, lounging- 
room, mess-room, locker-room, lavatory, and toilet-room. The second 
floor contains the master mechanic’s office, and sleeping apartments for 
the engine crews. Accommodations are provided for about men. 
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The oil-house 88-ft. brick and reinforced concrete building 
fire-proof construction, and consists main floor and basement. 
The oil-storage tanks are the basement from which there are pipes 
the main floor where they are connected with system measuring 
pumps. The entire equipment was furnished and put 
Bowser and Company, Fort Wayne, Ind. 

There are two double-track ash-pits, 156 ft. long, the depressed 
type, one either side the approach the coal wharf and sand- 
house. The engine tracks are 24-ft. centers, and are supported 
reinforced concrete foundations and walls arranged provide 
space for the depressed track. Each pit can accommodate four engines. 
The engine tracks are level throughout the The cinder tracks 
leading the bottom the pits are grade. 

Each ash-pit has its double-track locomotive inspection pits 
Each pit can accommodate two engines, the two pits forming 
group connected subway beneath the tracks. Entrance the 
pits effected stairway between the tracks, thus eliminating the 
element danger inspectors. These pits are connected with the 
foreman’s office pneumatic tube system put the Miles 
Tube Company. 

The coaling station, including the approach, steel; the sand- 
house steel frame and reinforced concrete. The coal wharf proper 
double-track, 161 ft. long, and has storage pockets with measuring 
grade. 

The sand-house double-track structure, ft. long. Wet sand 
stored the space each end, the drying-room the center. 
The dry-sand pockets are the top the structure each side. 
The drying-room has four sand stoves, and facilities for 
storing sand the dry-sand pockets. The reinforced concrete roofs 
over the drying-room and the dry-sand pockets were water-proofed 
plastering them with mortar containing Medusa Compound, and 
the present time good results have been obtained. 

The water tanks are ft. diameter and ft. high, each tank 
having capacity about 160000 gal. They receive their supply from 
the 12-in. main the yard 10-in. connections. The discharge out- 


lets are in. diameter, and connect with 16-in. main leading 
the penstocks near the coaling station. 


The approach single-track 


provide for contingencies, 
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direct connection has been made between the city supply and the 
16-in. penstock main. Owing the high pressure the city mains, 
this connection will only used emergency. 

The equipment the power-plant was designed supply steam 
heat the shop buildings, compressed air the roundhouses, repair 
yard, and the coal pockets, fire protection for the shops and 
repair yard, and for transforming the electric current supplied the 
main power-plant suit the voltage the several machines the 
shops operated electrically. 

The and Wilcox Company furnished and erected three 
250-h.p., water-tube boilers, arranged for grouping batteries two 
each, the above equipment forming one and one-half batteries, with 
foundations and walls arranged for additional boiler complete 
the second battery when needed. has heating surface about 
660 sq. ft., grate area 51.3 sq. ft., and has Roney stokers. The 
complete stoker equipment was furnished and erected the Westing- 
house Company. 

The George Blake Manufacturing Company furnished two 
10-in., duplex, outside, end-packed plunger, pressure-pattern, 
boiler-feed pumps. Two 12-in., 750-gal., standard, under- 
writer, fire pumps, and one 12-in. duplex, piston-packed, 
brass-lined, boiler wash-out pump, the Smith-Vaile type, were fur- 
nished the Platt Iron Works. 

The Harrison Safety Boiler Works furnished 28-B, Cochrane, 
feed-water heater capable raising the temperature 30000 lb. 
feed-water from 60° 212° Fahr. per hour. in. square, in. 
high, contains 15-in. trays, and has filter bed in. square 
and in. deep. The exhaust inlet and outlet are in. diameter; 
the cold-water supply, in.; the pump suction, in.; and the returns, 
in. The construction and operation are similar those the main 
power-house. 

The Nordberg Manufacturing Company furnished and erected 
foundations provided the Terminal Company cross-compound, 
non-condensing, Nordberg-Corliss, two-stage, air compressor, complete, 
ready for steam, air, and exhaust connections. The steam cylinders are 
and in. diameter, and the air cylinders 144 and in., with 
commou stroke in. When operating rev. per min. under 
steam pressure 150 per sq. in., this compressor will deliver 
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1500 cu. ft. air per min. pressure 120 When operating 
under the foregoing conditions the steam consumption will not exceed 
6.6 lb. for every 100 cu. ft. air compressed. The construction and 
operation of, and equipment supplied with, this compressor are similar 
that the compressors furnished the same company for the main 
power-plant, and more fully described under that head. 

tubular, water-cooled after-cooler, consisting metal cylinder 
fitted with 234 1-in., seamless, drawn-brass tubes, ft. in. long, 
presenting cooling surface 450 sq. ft., was also furnished the 
same company for drying the air before sent out for use the 
yards and shops. 

The Westinghouse Electric and Manufacturing Company furnished 
three 50-kw. motor-generator sets, each consisting one 50-kw., 
type-S, compound-wound, 250-volt, direct-current generator, mounted 
common bed-plate and shaft with one 75-h.p., type-CCL, 300- 
volt, 3-phase, 60-cycle, induction motor. These generators have 
rating 200 amperes and 250 volts, and speed 690 rev. per min. 
Their efficiency normal voltage and speed 88% half load, 90.5% 
three-quarters, and 91% full load. They are guaranteed run for 
hours under full load without sparking, and with serious spark- 
ing the load increased 75% temporarily. The temperature any 
part the generator when operated under full load for hours will 
not rise more than 35° cent., except the commutator, which should not 
exceed 40° cent. above the surrounding atmosphere 25° cent. 

The 75-h.p. motor has frequency alternations per min., 
per speed 720 rev. per min. load and 690 
full load. Its efficiency 85% half load, 86% three-quarters, 
and 86.5% full load. The temperature changes will not exceed 40° 
cent. for normal conditions. 

The 3-phase, 60-cycle current received from the main 
power-plant converted 220-volt, direct current these motor 
generators, and this voltage distributed the various machines 
operated variable-speed motors. The constant-speed machines are 
driven 3-phase, 60-cycle, 220-volt, induction motors, the current 
for which obtained stepping down the 300-volt, 3-phase, 60-cycle 
current through oil-cooled transformers. 

The chimney for this plant was built the Alphons Custodis 
Chimney Construction Company. The octagonal foundation, ft. 
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diameter and ft. deep, was built the building contractor. The 
chimney proper 125 ft. high. The base octagonal, and extends 


height ft. with 24-in. walls hard, well-burned, red brick; 


above this point the chimney buff perforated blocks the 
Custodis pattern. circular plan, and divided into six sections: 
five ft. in., and one ft. in. The walls vary thickness 
from in. the first section above the base in. the top. The 
chimney lined height ft. with 4-in. fire-brick, the lining 
being divided into sections corresponding those the outer wall. 
There air space between the walls. The flue opening 
ft. in. wide and ft. in. high, strengthened the top and bottom 
6-in. built into the brickwork. 

the foregoing structures, the cleaners’ building, the coach yard 
oil-house, the bedding sheds, the carpet-cleaning shed, and the coach 
yard power-house were erected Edward Brady and Son, Balti- 
more, Md., the other buildings Wells Brothers Company, New 
York City. 

Shop Machinery and list the machinery 
and tools the machine and blacksmith shop and the car-repair 
shop, all which are operated 220-volt alternating- direct- 
current motors. The machines operating constant speed have 
60-cycle, 220-volt, induction motors, those operating vari- 
able speeds have 220-volt, direct-current motors. 


GENERAL GRADING AND MAsonry. 


The contract covering the grading, masonry, and drainage the 
north approach the Union Station was let the and 
McDermott and the Hoffman Engineering and Contracting Company, 
joint contractors, Philadelphia, Pa., July 1903. The 
grading aggregated more than 3000000 cu. yd., the masonry more 
than 160000 cu. yd., foundation excavation more than 186 000 cu. yd., 
and nearly 1900 tons iron pipe were used for drainage. 

The greater part the excavation was the coach-yard section, 
the average depth cut over large area being about ft., with 
maximum ft. one cut the heart the coach yard, there 
were about 2250000 cu. yd. This material was excavated 70-ton 
steam shovels, and moved narrow-gauge dump-cars, cu. yd. 
capacity, and narrow-gauge Baldwin locomotives. portion the 
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material was utilized forming the roadbed between the retain- 
ing walls the approach and train-yard sections, for filling and 
around the station foundations and walls, forming the plaza front 
the station, and filling the streets leading it; the remainder 
was wasted wherever waste banks could secured. Approximately 
half the excavated material was utilized the Terminal Com- 
pany; the other half was moved expense. disposing the 
material, the average haul was about miles. 


AND 


Machine. Size. Make. Motors. 


MACHINE AND BLACKSMITH 


SHOP. 

Double emery and 20-in. Machinery D.C. 
Driving-wheel lathe Niles Bement-Pond.. D.C. 
Jib crane (hand-power)..... -ton. Whiting Fdry. Equip. 

Electric traveling crane 3-motor........ Niles-Bement-Pond.......... 


The grading equipment consisted six 70-ton, steam shovels, 
equally divided between the Vulcan and Bucyrus types, one Thew 
shovel work, about 250 dump-cars, and dinky locomo- 
tives. 
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The mass the masonry was between Florida Avenue and the 
station, and the equipment for its construction consisted two cubi- 
cal and one Hains’ concrete mixers, about derricks, the guy 
and stiff-leg types, from tons capacity, operated three- 
drum, 10-in., hoisting engines, and the usual trucks and buckets 
for handling the various materials. 

The booms the derricks, many which were ft. long, were 
swung 10-ft. bull-wheels the bases the masts. Most the 
wheels were made light T-rails bent circle; they rendered very 
service. 

The same contractors, under other contracts, executed all work 
connection with the construction the conduit system for the 
protection the telephone and telegraph lines, the power lines be- 
tween the power-house and the station and coach yard, and the wires 
used the battery-charging layout the coach yard, and furnished 
all labor and material required the jacketing the steelwork the 
New York Avenue Bridge. 


First Street 


noted elsewhere, the south approach the Union Station 
way tunnel under Capitol Hill, short section open 
near the south portal, and elevated structure the connection 
with the Philadelphia, Baltimore, and Washington Railroad tracks 
Virginia Avenue. The tunnel proper 4033 ft. long. this dis- 
tance, 1127 the south end 20’ curve passing under 
public streets and private property from First and Streets, 
the intersection the west side New Jersey Avenue and the 
south side Street, the remainder tangent parallel and 
ft. west the center line First Street. 

The approach the tunnel, between the elevated structure over 
South Capitol Street and the south portal, 1.5% descending 
grade, changing that point ascending grade through 
the tunnel. The depth cut for some distance from the south end 
the tunnel was barely sufficient permit its construction below 
ground. the north end, for distance 330 ft., the top the 
tunnel above the original surface the street. East Capitol 
Street the depth sub-grade ft. below the surface the street. 
this account, and facilitate ventilation, the tunnel was 
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structed two single-track tubes, side side, the center 
dividing wall being ft. thick and having openings intervals 
100 ft. serve refuge niches and means communication 
between the tunnels. tube has span ft. and height 
ft. above top rail. The center wall stone masonry, the 
side-walls and haunching and the arches 

The features special interest connection with this work, 
which are treated more less detail this paper, are the methods 
and timbering, disposition spoil, traveling derricks 
and centers used the construction stone, and brickwork, 
the facilities for storing and handling materials, and the plant for 
mixing concrete. Attention especially called the extensive use 
machinery the work, and particularly the use electricity 
and compressed air the operation the machinery. 

The material overlying the tunnel consisted mixture clay 
and gravel, with layer white sand varying thickness about 
the elevation penetrated the tunnel. some points extended 
below sub-grade, others was found near the top the tunnel. 
Below the sand there was stratum hard blue clay which some 
cases extended some feet above sub-grade. 

The sand and gravel overlying the blue clay contained large 
quantities water, and, when the sand was thoroughly saturated, 
produced practically quicksand. For the purpose draining the 
soil the drift portion the tunnel, two 8-ft. shafts were sunk, 
the bottoms which were carried well below the grade the tunnel. 
One sump was about ft., and the other ft. from the south 
portal. These sumps drained the soil that the excavation was 
removed with comparative ease. The water was removed from the 
sumps pulsometers. 

the total length the tunnel, 952 ft. the south end and 
600 ft. the north end were constructed the cut-and-cover method. 
The general the cut-and-cover section was removed 
Vulean Little Giant steam shovel operated compressed air. This 
shovel operated dipper through vertical range ft. and 
horizontal range ft. 

The excavated material was deposited directly 3-yd. wooden 
3-ft. gauge track, laid trench beside the shovel. 
The trains, from cars, were taken the foot trestle 
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incline electric mine motors made the General Electric Com- 
pany. From this point they were hauled the incline cable 
drawn single-drum, Lidgerwood, hoisting engine operated 
General Electric motor. this point the material was dumped into 
special 20-yd., standard-gauge dump-cars owned the contractors, and 
transported the Terminal Company waste banks and fills along 
Maryland and Virginia Avenues and approach the Potomac 
River Bridge. 

maintain street traffic over the cut-and-cover section the south 
end, temporary bridge was built the intersection with Street 
advance the excavation. Bearings for this bridge were prepared 
outside the line cut, and trenches were dug for the lower chords 
the structure, place the floor near the original street surfaces. 
temporary footbridge, supported bents, was constructed the 
line New Jersey Avenue. promptly possible after the trenches 
were excavated grade these crossings, sections the permanent 
masonry were built and back-filled permit the restoration 
the street surface. The construction the intervening masonry 
was carried such manner conform the logical progress 
the work. 

Special attention now directed the method excavating the 
account the treacherous condition the ma- 
terial penetrated, was not considered prudent attempt carry 
the excavation for both tubes simultaneously. Accordingly, the work 
each tube was carried independently. Side-drifts, ft. in. 
wide and ft. high, with crown-drift, ft. in. wide and ft. 
in. high, were first excavated and timbered for one tube, the frames 
being 10-in. timber, and the lagging 8-in. planks 
6-ft. lengths. 

The headings were excavated hand, miners and helpers using 
picks and shovels. The excavated material was removed from the 
drifts small cars 20-in. gauge, industrial tracks. This work was 
carried continuously throughout the hours three 8-hour shifts, 
about ft. constituting day’s work. Following the excavation 
the top drift, two crown-bars, about in. diameter and ft. long, 
were placed the heading and supported posts resting the sills 
the drift-frames. Then 3-in. lagging was driven above the crown- 
bars into the sides the drift, and all timber but the top the orig- 
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inal drift was removed. Sufficient material was then removed pro- 
vide space for two more crown-bars, which were supported posts 
resting the earth core. Lagging was again driven, and the process 
excavating and timbering was continued until approximately the 
elevation the springing line the finished arch was reached. While 
the enlargement the top heading was progress, concrete foot- 
ings were placed the side-drifts such way clear the 
foundation lines the permanent masonry. The posts supporting 
the crown-bars were then replaced segmental timbered arch car- 
ried down the concrete footings the side-drifts. The segmental 
timbers were 12-in. and spaced normal distance in. 
between centers, but where heavy ground was encountered they were 
spaced 15-in. centers. 

The core was then removed steam shovel, and the masonry 
lining put place. While the lining the first tube was progress, 
the top- and side-drifts the other tube were being excavated, fol- 
lowed the placing crown-bars and the widening headings 
above described. The crown-bar supports were then replaced seg- 
mental timbers, the usual manner, except that this case the 
arch timbers abutted against the concrete filling haunching above 
the center-wall one side, and the other was carried down the 
concrete footing the side-drift, the first instance. Following 
the completion the timber arch, the core was removed, for the 
first tube. The excavation the core the first instance covered 
the removal about cu. yd. per lin. ft.; the second case 
about cu. yd. per lin. ft. were removed. 

addition the large drainage sumps previously mentioned, 
there were sumps the side-drifts, from which Snow pump, 
operated compressed air, forced the water through 3-in. pipe 
large sump the rear the core excavation. From this point 
centrifugal pump, operated electricity, discharged the water 
through 3-in. pipe point outside the tunnel. The pump and 
motor were mounted timber platform which permitted 
shifted readily the work progressed. The material the drift- 
tunnel was disposed described under open-cut excavation. 

traveling, stiff-leg derrick with two 40-ft. booms was used for 
building the center- and side-walls the open-cut work. This 
traveler consisted platform, about ft. wide and ft. long, 
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resting four wheels operating 16-ft. gauge track. The track 

was carried falsework timber bents and vertical posts, utiliz- 
ing much possible the shoring used connection with the excava- 
tion this portion the tunnel. The booms were the front 
corners the platform, swung bull-wheels, and operated two 
3-drum, Mundy, hoisting engines the rear the platform. 
the traveler advanced the construction these walls, the rear 
bents were taken down and set front. 

For executing similar work the drift-tunnel, traveler having 
platform ft. wide and ft. long was used. This traveler operated 
14-ft. gauge track, laid the floor the tunnel, and handled 
the ashlar and concrete for the center- and side-walls from the ma- 
terial cars the workmen the walls. The stiff-leg derricks were 
the platform, before described, but the platform was about ft. 
above the track, leaving room for the free-movement material cars 
below, and the masts and booms were only about ft. long. 
the use this style derrick about ft. side- and center-walls 
were completed 10-hour shift. 

This derrick operated about 100 ft. behind the steam shovel, and 
about 100 ft. behind followed the arch-roof construction. For 
this work, traveling center ft. long and ft. wide 
was used, the construction which was similar that the traveling 
derrick, but carried the arch ribs instead derricks, ete. The 
ribs the center were set ft. apart, and were wedged from the 
traveler platform. removing the wedges, the centers were moved 
ahead without being taken down. The lagging for the arch ribs was 
3-in. material. 20-ft. section arch was built one 

After each section arch had been completed, and before the 
centering was removed, the backing was placed and water- 
proofed, and the space between the top the masonry and the timber 
with earth and tamped. The 
filling was done with machine consisting platform mounted 
wheels, the same general construction the platform the der- 
rick and center travelers. the front end this platform there 
was stationary hoist, and behind belt conveyor. The latter was 
pivoted near the forward end allow swing the right 
left circular track near the rear end. Near the forward end 
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this conveyor there was 30-cu. ft. hopper, from the bottom 
which belt conveyor carried the material into the space above the 
roof arch cantilever arm. 

operating this machine the material bucket was lifted from the 
ear beneath, carried back the trolley beam over the hopper, 
and there dumped From this hopper the material fell upon 
the belt conveyor and was carried back over the arch and deposited ready 
for tamping. The hoisting engine this machine was Lambert, 
driven 15-h.p. motor. The belt conveyor was in. 
wide, and was operated speed 180 ft. per min. 
motor. This apparatus required two men operate it, and 
estimated have saved the labor shovelers. 

The top the finished masonry was water-proofed with four layers 
Hydrex felt laid water-proof compound. the 
section was protected in. cement mortar, the drift sec- 
tion course brick covered with coat cement mortar. 
After the masonry construction for the first tube was completed and 
water-proofed, crown-bar supports were again introduced for the pur- 
pose preventing settlement when the segmental timbers were cut 
placing timbers the second tube. When the masonry the 
second tube was completed the crown-bars were supported above. 

the bulk the work had executed from the south end, 
was considered economical make liberal expenditure the 
outset avoid expensive repairs and alterations the work pro- 
gressed. Therefore, electric motors were adopted for all machinery ex- 
cept the shovel, which was operated compressed air. Enough dupli- 
cate motors, were provided take care the usual break-downs, 

contractors’ yard was established irregular-shaped property 
near the south portal the tunnel. this property were the general 
supplies, repair shops, mechanical plant, storage yards, concrete plant, 
and incline hoist for handling the excavation. The tracks and 
structures were arranged provide the most convenient and economi- 
cal means handling the material which the shape the limited space 
would permit. The standard and narrow-gauge tracks were grouped 
furnish access the various yards and structures, the condi- 
tions required. The yard was lighted are lamps distributed over 
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the property, and, like the motors, were operated current pur- 
chased meter from the Potomac Light and Power Company. 

Stone, lumber, and other heavy materials were handled derricks 
operated electric motors; lighter materials were moved hand. 
Crushed stone, gravel, and sand were delivered the mixing plant 
dump-cars and wagons, and after being dumped into the track 
hoppers were handled entirely machinery. The cement was de- 
livered cars and stored house, the floor which was about 
ft. in. above the top rail the adjacent track. The stone, 
gravel, and sand were discharged from the track hopper into bucket 
conveyor, carried the top the mixer, and dumped into hopper 
about cu. yd. capacity. The bottom this hopper was fitted 
with L-shaped cast-iron spout which was arranged revolve 
about its vertical axis. this arrangement material could directed 
four different chutes leading, respectively, the trestle conveyor 
and the three elevated storage bins for sand, gravel, and stone. 

When the materials were not needed for immediate use the con- 
crete mixer, the swivel spout delivered the conveyor the top 
the storage trestle. This conveyor had movable dumping device, 
which enabled discharge automatically into any the storage 
bins beneath. other times the swivel spout was set deliver into 
the storage bins the top the mixing tower. the cement was 
needed, the bags were carried incline warehouse trucks and 
placed belt conveyor, which carried them the floor the 
mixing tower. The only hand labor then required was the untying 
and emptying the sacks into the mixing hopper. 

The storage trestle, 175 ft. long, consisted series timber 
bents, about ft. high, made 8-in. posts, caps, and sills, 
with transverse and longitudinal bracing arranged make alternate 
towers and open panels. other bent was boarded up, 
height about ft., form separate bins for the various materials 
used for concrete and mortar. 6-ft. timbered longitudinal 
trench was constructed under the storage bins throughout the entire 
length. contained belt conveyor which delivered cross- 
conveyor under the tower, which turn delivered bucket conveyor 
near the one connecting with the track hopper. The roof this tun- 
nel formed part the floor the storage bins above. There were 
cast-iron scuppers, with 12-in. cast-iron gates, intervals 
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along the center line the tunnel over the belt conveyor. These 
gates were operated hand-levers attached racks and pinions. 
When materials were required from the storage piles, the scupper 
gates were opened, allowing the material fall the conveyor and 
carried the respective storage bins the mixing tower. 

The bottoms these bins were closed cast-iron gates operated 
above. They were arranged discharge into opposite sides 
mixing bin divided into two compartments corresponding the dif- 
ferent proportions the materials used the concrete mixture. 
When the compartments were filled, the gates were closed, the 
cement was placed top, and the contents were dumped into 1-cu. 
yd. Smith mixer the attendant lower platform, who operated 
the hopper gates. 

The water used mixing concrete was supplied gravity from 
500-gal. storage tank, about ft. above the mixing platform, and 
filled from the city mains through From the bottom 
this tank 4-in. pipe, controlled special gate-valve, led 
200-gal. measuring tank into which discharged through ball- 
was adjusted close when the tank contained the quantity 
water requisite for batch concrete given consistency. 
There was also special gate-valve the outlet pipe from the measur- 
ing tank. 

The stems the special gate-valves were operated separate 
horizontal levers, the free ends which were connected vertical 
rod which passed through the floor the tank-room and terminated 
within reach the attendant charge the mixers. When the 
handle was pulled downward the valve the outlet pipe the supply 
tank was closed and the one the outlet pipe the measuring tank 
was opened, allowing the contents the latter flow into the 
mixer. When the handle was pushed upward reversed the valve 
and permitted the tanks fill. 

The mixers were duplicate, one was generally used for mixing 
concrete, the other for mortar. The chute from the mixing hopper 
was arranged that one both mixers could used for concrete 
mortar. They were dumped hand revolving them their hori- 
zontal axes worm-gear, and discharged through opening 
the floor the platform into 1-cu. yd. steel small 
flat cars. rush times, when both mixers were used, one was being 
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charged and mixed while the other was being discharged. this 
way the capacity was doubled. Each mixer was belt-connected with 
30-h.p., 500-volt, Sprague, electric motor making 750 rev. per min. 
Clutches were provided for connecting the free ends the mixer 
shafts when desired. 

‘The forms for the side-wall construction were }-in. steel plates, 
ft. wide and ft. high, stiffened angle-iron flanges all edges 
and three horizontal angles across the plate, dividing the height 
into four equal spaces. The vertical flanges had }-in. plates 
riveted them and planed make accurate joints between the 
several sections the forms. The sections were joined bolting 
the angle flanges together, using many sections might re- 
quired cover the distance conereted, usually ft. 

The forms were braced and stiffened with continuous line 
10-in. timbers bolted the middle horizontal angle. The braces 
between this timber and the ground were set angle about 
45°, and spaced intervals about ft. The lower edges the 
forms were wedged and braced the ground timbers carried 
across the cut, the top edges horizontal struts reaching across the 
trench high enough clear the motors and Braces were also 
placed between the faces the forms and the vertical side the 
excavation, and removed the was placed. 

Conerete inverts were built the section the open-cut work 
under the House Representatives’ Building, and the entire 
drift-section. Drainage was provided placing 12-in. terra 
pipes each tube throughout the entire length the 
nected with these drains with the inverts there are 4-in. drains, 
intervals ft., for the drainage from the top the arch 
and from point near the elevation the top the drain. There 
were clean-out basins the drift-tunnel intervals 200 ft. 
both tubes. 

Special construction was used where the tunnel passes under the 
office building the House Representatives, consisting essentially 
widening and deepening the footings, the introduction stone- 
work the side- and center-walls above the springing line, and rein- 
the top the tunnel 24-in. spaced 18-in. 

addition the plant already described, the contractors had one 
steam locomotive, twelve 20-cu. yd. special dump-cars built the 
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Georgia Car Company, eight Ryan and McDonald, 3-cu. yd., wooden, 
ten 2-cu. yd., wooden dump-cars, four stiff-leg der- 
ricks the storage yard, five Mundy, double-drum hoisting engines, 
operated Westinghouse electric motors, two electric mine motors, 
and the usual small tools. 

The foregoing work was executed the New York Continental 
Jewell Filtration Company, under contract dated December 10th, 
1903. The excavation for the open-cut work was begun December 
6th, 1903, and the drift-tunnel October 11th, 1904. The west 
tube the tunnel was completed May 10th, 1906, the east tube 
September 6th, 1906. 

BELL-MOUTH. 


The construction between the north end the twin tunnels, 275 
ft. north the center line Street, and the station, 
consists girder-covered bell-mouth, about 525 ft. long, and rang- 
ing width from ft. the junction with the tunnels 116 ft. in. 
the south line the station. The roof consists 30-in. transverse 
girders intervals ft., between which there are framed 20-in. 
3-ft. centers, covered with steel buckle-plates. 

This construction supported the masonry side-walls defining 
the limits the bell-mouth and masonry pedestal walls and 
columns, arranged suit the track layout. The tracks provide for 
train movements from each tube any the six tracks under the 
station, which turn connect with the nine low-level tracks the 
train yard. The masonry side-walls are sandstone ashlar with Port- 
land cement backing and foundations. The pedestal walls are 
double-faced sandstone. ashlar Portland cement founda- 
tions. 

The elevation the original ground varied from about +22 
the face the station +38 the end the twin tunnels 
between and Streets, E., and the top the masonry walls 
from about +54 the face the station +51 the 
end the tunnel. will noted, therefore, that nearly the entire 
bell-mouth proper was built above the original ground, and that the 
tracks were laid ill ranging from point about 200 ft. 
north the south end the bell-mouth about ft. the station 
line north end. 

account unstable foundation material, however, the masonry 
was number cases depth about ft. below the 
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original ground, the average depth being about ft. The fact that 
was not necessary excavate below the original surface the 
preparation the roadbed greatly simplified the matter drainage 
the bell-mouth and, particularly, the depressed ventilating ducts, 
which were drained either into the reconstructed sewer under the 
plaza into original sewers which were not disturbed. 

All the steelwork, including girders, buckle-plates, and 
columns, encased concrete. The minimum thickness con- 
over the top the structure in., with crown in. 
the center. The entire top surface water-proofed with four 
layers Hydrex felt and compound, applied the tunnel, and 
protected with 1-in. layer cement mortar. The lower flanges 
all beams are encased Clinton wire cloth, reinforcement 
for the concrete protection. 

the construction the side-walls the bell-mouth, provision 
was made for putting ventilating plant point about 200 ft. 
north the end the twin tunnels, the details which are described 
under that heading. 

The general excavation was started July 16th, 1904, and com- 
pleted August 9th, 1904; the masonry was started September 
23d, 1904, and completed January 31st, 1906; the erection the 
superstructure was started April 30th, 1905, and completed 
August 30th, 

The building the masonry retaining and pedestal walls and the 
jacketing the steelwork with concrete was done and 
and the Hoffman Engineering and Contracting Com- 
pany. The steelwork was furnished the American Bridge Com- 
pany, and erected Brann and Stuart, Philadelphia, Pa. 


VENTILATING PLANT. 


The development the plans connection with the reconstruction 
the railroad terminals Washington was based the use 
steam power the handling all regular trains and light equipment, 
and from the terminal depot, the passenger and freight yards, 
and through the First Street Tunnel. avoid the smoke nuisance, 
prevalent all railroad terminals operated steam power, pro- 
vision was made for the use coke all yard engines, and the road 
engines had supply the same fuel for use within the District 
Columbia. 
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Thus the smoke nuisance was abated, but the gases 
emitted the locomotives the passenger and freight terminals, and 
the north and south approaches the passenger depot, were left 
handled another way. Had one large shed series closed 
sheds been constructed over the station tracks, new difficulties would 
have been presented, but, account the use the umbrella sheds, 
with ample space between, this was easily and, for 
the purpose removing the steam and gases from the tunnel, the bell- 
mouth, and the track space under the station, ventilating plant was 
placed the bell-mouth about 200 ft. north the north end the 
twin tunnels. The plant consists two electrically-operated fans, and 
the necessary ducts. 

Before the adoption this scheme, howeyer, the kind power 
used was considered, and was the consensus opinion the 
owning and tenant companies that the time had not arrived when 
steam power could be, for any logical reason, economical otherwise, 
supplanted any other kind power this point, except, perhaps, 
the seore cleanliness, and was felt that this could greatly 
improved the use smokeless fuel. 

support this opinion was pointed out that the use 
power, for example, would require the establishment separate 
locomotive terminals near the District limits, where intersected 
the Washington and Metropolitan Branches the Baltimore and 
Ohio Railroad and the Magruder Branch the Philadelphia, Balti- 
more, and Washington Railroad, and some point south the 
Potomac River for the accommodation all roads entering from the 
south; and, further, that the delay all trains incident the change 
from steam electric locomotives, and vice versa, upon reaching 
leaving the District, would cause loss time which would not 
justified present. was felt, therefore, that, until all lines leading 
Washington were electrified and operated permit all trains 
enter and leave the station without interruption the District line, 
was imperative that the use steam power should continued. 

determining the size and number fans for the ventilation 
the tunnel, the train intervals and the cubic contents the tunnel 
and bell-mouth were taken into consideration. The reason for adopting 
the plan forcing the impure air out the south end the tunnel, 


about 4240 ft. distant, obvious. The shortest train interval was 
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taken min., and allow safe margin was proposed clear 
the tunnel min. The combined sectional area the two tubes 
was about 500 sq. ft. and the length ft., thus the volume air 
changed was 2016500 cu. ft. this must added the cubic 
contents the portion the bell-mouth between the end the tunnels 
and the fans, amounting about 150000 cu. ft., giving aggregate 
volume 2166500 cu. ft. 

Having decided the train interval and obtained the cubic con- 
tents the tunnel, was found that, meet the conditions, each fan 
would have discharging about 270000 cu. ft. air 
per min. the fans were placed about 665 ft. south the 
north portal end the bell-mouth, and had draw their air 
supply from that point, the contents this space, amounting 
about 1250000 cu. ft., had taken into consideration. 

will noted that the contents the tunnel was about 
twice the contents the bell-mouth, and that change the air 
the bell-mouth would require normally about one-half the time 
required clear the tunnel. the tunnel could only cleared 
other air into and the bell-mouth, passing the air 
through the tunnel, the impure air the bell-mouth was used part 
perform this work; but, account the sectional area the 
bell-mouth being about four times the combined area the twin 
tunnels, the density the steam and gases the bell-mouth was only 
about one-eighth that the individual tubes for each train 
movement. 

Had the density the steam and gases been uniform throughout 
the entire length the tunnel and bell-mouth, each fan would have 
been required discharge average about 427000 cu. ft. air 
per min. clear the entire space min., specified. the 
basis clearing the tunnel min., min. would have been required 
clear the bell-mouth, and the total time required for changing the 
air the tunnel and bell-mouth would have been min. pre- 
viously stated, however, the air the bell-mouth contained such 
small percentage steam and gases, compared with the tunnel proper, 
make practically negligible fixing the capacity the plant. 

The specifications for the plant, prepared the Motive Power 
Department the Pennsylvania Railroad Company, provided that the 
fans should capable delivering not less than 260000 ft. 
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air per min., against pressure in. water, speed from 
135 145 rev. per min. 120 b.h.p. The design the nozzle and 
air ducts required direct the air into the tubes was prepared 
Charles Churchill, Am. Soc. The plant was made 
the Cranford Paving Company, Washington, 

meet the foregoing requirements, two fans, with wheels ft. 
diameter and ft. width, were furnished and put the 
Sirocco Engineering Company. are operated two 
300-volt, induction motors, made the General Company. 

The discharge orifices the fans are ft. wide and ft. in. 
high, and have dampers which can raised lowered vary the 
volume the air discharged. These orifices are connected with the 
main ducts constructed along the side-walls the bell-mouth, and 
extend from the fans cross-duct beneath the tracks point 
about 130 ft. south the fans. The ducts are ft. in. height 
and varying width, the sectional area ranging from 114 190 sq. ft. 
The area the nozzle 118 sq. ft., sq. ft. for each tube. 

The sides are formed the side-walls the bell-mouth and rein- 
forced concrete curtain-walls built along the line columns sup- 
porting the roof. The floors are concrete in. thick, and the roofs 
transite supported T-irons, spaced 24-in. centers resting 
the reinforced curtain-walls and bridge seats. The cross-duct 
ft. wide and about ft. in. deep, and extends between the curtain- 
walls the side-ducts. covered with steel plates. 

Between the cross-duct and the nozzle the air split and made 
pass through number smaller ducts for the purpose dis- 
tributing have enter the tunnels around their perimeter. 
The curtain-walls and supporting columns the distributing ducts 
are reinforced concrete, and all ducts beneath the tracks are covered 
with 3-in. steel plates. The construction above the springing line, 
conforming section the form the tunnel arches, consists 
transite supported from the ceiling. 

The equipment belt-driven and, originally built, the fans 
and motors had pulleys with diameters which drove the fans 145 
per min. When put operation, considerable. trouble was caused 
the slipping the belts, due the overload the motor and the 
low speed the belts. The original pulleys were then replaced new 
ones having diameters 114 and in., respectively, which gave 
higher belt speed and reduced the fan speed 132 rev. per min. 


¢ 


= 


: 
4 
7 
‘ 


PLATE CXXVII. 
PAPERS, AM. SOC. 
AUGUST, 1910. 
STROUSE 
THE WASHINGTON TERMINAL 


TERMINAL STATION: SETTING STEEL PLATE USED SIDE- 


OFFICE BUILDING. 


re 
0 
r 
0 


PASSENGER TERMINAL STATION 1101 

With the fans operating the latter speed, tests were made for the 
purpose determining the volume air delivered, the pressure main- 
tained the ducts, the velocity air through the tunnel, and the 
power required drive the fans. these tests was found that 
the fans exceeded the capacity which they were rated the 
builders more than 50%, and that, avoid overloading the motors, 
was necessary reduce the area discharge. 

reduce the delivery and the consequent consumption power, 
the areas the fan discharges were reduced from sq. ft. 
This, however, did not prove efficient method reducing the power 
requirements, and the results the tests were submitted the Sirocco 
Engineering Company, with the request that speed recommended 
which would permit the operation the fans with the discharge 
full open and not load the motors beyond their rated horse-power. 
The Sirocco Company estimated that the fans were operated 110 
per. min. they should capable discharging 320000 cu. ft. 
per min. 125 

Subsequent tests indicated that speed 114 rev. per min. 
the fans would deliver 352000 cu. ft. air per min. with power 
consumption kw., while the former tests showed delivery 
400 000 cu. ft. with power consumption 175 kw. rev. 
per. min. the average velocity air through the tunnels was about 
miles per hour, 114 rev. per. min. was about 15.75 miles. The 
tests also showed variation approximately 50% the velocity 
the air the different points section. The greatest velocity 
was noted the upper portion the section, the least near the tracks. 

determine whether the velocity air was uniform all points, 
readings were taken both tubes intervals 400 ft., 1100 ft., 
ft., and ft. from the north end the twin tunnels. While 
there was more less variation the velocity the different points 
the section, the average velocity all sections was found 
practically uniform. Similar observations were then made with the 
dampers various positions, noting the power required, revolutions 
per minute motors and fans, temperature air and motors, and 
the humidity. 

When the fan for the south-bound tube was operated, with the 
fan for the north-bound tube shut down, kw. more power was re- 
quired than when the other fan was running. This was due the air 
being discharged through the combined nozzle and the fact that 
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portion was discharged through the fan not motion. The passage 
trains one tunnel affected the draft the other, due the air 
passing through the openings the middle wall. 

was also noted that train moving its usual speed the 
north-bound tunnel (against the draft) would stop the draft the 
south-bound tunnel and reverse the draft the north-bound tunnel, 
and that min. were required establish the draft the south 
portal the north-bound tunnel and min. for the south-bound 
after the train had entered the south portal the north-bound tube. 
Also that large quantities steam and gas were forced through 
the openings the middle wall into the south-bound tunnel and dis- 
charged through that tube. Both tunnels were practically clear within 
after train entered the north-bound tunnel, and within 
min. after train passed out the south portal the south-bound 
tunnel. This seemed indicate clearly the advisability placing 
the fans produce the draft the direction the traffic, 
and the desirability having solid wall between the two tubes. 


Track Work. 


The tracks the terminal property between the north side 
Florida Avenue and the north end the twin tunnels under First 
Street were laid with No. Am. Soe. standard, steel 
rails. The tracks the First Street tunnel were laid with No. 
Pennsylvania Railroad standard, 100-lb., steel rails. With the ex- 
ception small percentage No. all tracks were laid with 
No. white oak ties and ballasted with stone. When tracks were laid 
fills they were originally ballasted with cinder and later raised 
stone. 

The tracks the joint coach and engine yard were laid with 
Am. Soe. standard, steel rails, No. being used all 
leads, turnouts, and thoroughfare tracks, with No. the interior 
tracks. About 90% the ties used this section were No. white 
oak and Georgia yellow pine, the remainder were No. white oak 
and Georgia yellow pine. All tracks were ballasted with cinder. 

The main tracks the Washington and Metropolitan Branches 
the Baltimore and Ohio Railroad, from Florida Avenue northward 
and eastward, were laid with No. Am. standard, 
steel rails No. white oak ties, and ballasted with stone. The tracks 
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the Magruder Branch the Philadelphia, Baltimore, and Wash- 
ington Railroad north New York Avenue were laid with No. 
Pennsylvania Railroad standard, 100-lb., steel rails No. white oak 
ties, and ballasted with stone, Between Florida and New York Ave- 
nues, 85-lb. rails were used order avoid changes frogs and inter- 
locking connection with the scissors crossing. 

The frogs and crossings all tracks the terminal property, 
the crossing the throat the coach and engine yard, and 
the east and west ends the connecting the Washington and 
Metropolitan Branches the Baltimore and Ohio Railroad, except the 
stub sidings near the power-house and express building, are manard 
manganese steel. All frogs the coach and engine yard and the 
stub tracks above noted, and all switches the entire improvement 
are Bessemer steel. 

The object placing two kinds special frog construction the 
track layout was test the merits manard and manganese steel. 
order obtain unbiased opinion, frogs each make were placed 
either side diamond crossing near Street, where the traffic 
would the same each group. The results, thus far, after two years 
service, are very gratifying, but show advantages one over the 
other. 

All switch points the turnouts are 164 ft. long; those 
the slip-switches are ft. long. With the exception few No. 
the stub tracks, all frogs the entire passenger terminal are 
No. slip-switches the east and west ends the connection 
are No. 10, all other slip-switches are No. The ends all stub 
tracks have Ellis patent bumping posts. 


CoNSTRUCTION ORGANIZATION. 


Acting under the power and authority vested the Baltimore and 
Ohio Railroad Company the Act Congress approved February 
12th, 1901, relating the elimination grade crossings the Dis- 
trict Columbia, terminal company was incorporated December 
6th the same year, for the purpose carrying out the provisions 
the above Act. The entire capital stock issued under the above Act 
Congress was owned and held the Baltimore and Ohio Railroad 
Company, and the seven directors chosen for the purpose incorpora- 


tion were selected from among the officers and employees that com- 
pany. 
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Later, when the bill providing for union station was prepared, 
contained provision permitting the construction the station and 
approaches the Terminal. Company, condition that one-half the 
capital stock already issued should acquired purchase the 
Philadelphia, Baltimore, and Washington Railroad Company, and that 
should entitled subscribe for and acquire equally with the 
Baltimore and Ohio Railroad Company any stock afterward issued 
the terminal company. 

When this bill became law the personnel the board directors 
the Terminal Company was changed give both companies 
representation, their interests might appear. The officers were 
then selected from among the officers the two railroad companies, the 
by-laws providing that under certain conditions the office President 
should alternate annually between the Presidents the Baltimore and 
Ohio and the Pennsylvania Railroad Companies. 

The ownership the Washington Terminal Company embraces all 
tracks and property from the north side Florida Avenue the north 
approach, the south end the First Street Tunnel the south 
approach. includes, therefore, the sections known terminal ap- 
proach, train-shed, depot, and First Street Tunnel, together with all 
buildings and structures included within those limits. The coach 
and engine yard owned jointly and equally the Washington 
Branch the Baltimore and Ohio Railroad Company and the Phil- 
adelphia, Baltimore, and Washington Railroad Company, but oper- 
ated and maintained the Terminal Company. The operating and 
charges the Terminal Company, covering, stated before, 
the depot and approaches, and the joint equipment yard, are prorated 
against the railroad companies using the facilities the basis cars 
and engines handled for each company. 

The main tracks north Florida Avenue are owned and main- 
tained the respective roads entering the terminal from the north. 
The main tracks between the south end the First Street Tunnel and 
the connection with the main tracks Virginia Avenue, over which 
the trains all roads entering from the south are handled, are owned 
the Philadelphia, Baltimore, and Washington Railroad Company, 
but operated and maintained the Terminal Company. 

The engineering work the entire project was placed the 
hands the Chief Engineers the owning companies, with authority 
make such sub-division they saw fit. that time Mr. William 
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Brown was Chief Engineer the Pennsylvania Railroad Company, 
and the late Joseph Graham, Am. E., was Chief Engineer 
the Baltimore and Ohio Railroad Company. Associated with the 
above gentlemen the preparation the general plans for the termi- 
nal were Joseph Richards, Am. Soe. E., the Pennsylvania 
Railroad Company, and Mr. Haas, the Baltimore and Ohio 
Railroad Company, and later the General Superintendents Motive 
Power Departments the above roads. 

meeting the Chief Engineers was agreed that the con- 
struction work contiguous the tracks the respective companies 
should placed under the jurisdiction the Engineering Departments 
these companies. was also agreed that the design and installation 
the machinery the main power-plant should handled the 
Motive Power Department the Pennsylvania Railroad Company, 
while the design and arrangement the joint roundhouses and shops, 
and the installation their machinery should handled the Motive 
Power Department the Baltimore and Ohio Railroad Company. 

much the space north Massachusetts Avenue was either 
occupied contiguous the Baltimore and Ohio Railroad Com- 


pany’s tracks and yards, and the construction the south approach. 


could handled the best advantage from connection with the 
Philadelphia, Baltimore, and Washington Railroad Company’s tracks 
Virginia Avenue, the north line Massachusetts Avenue was 
decided upon the logical dividing line between the work 
handled the respective companies. 

This placed all work north Massachusetts Avenue, except the 
north end the bell-mouth and the design and installation 
machinery the main power-plant, under the jurisdiction the 
Engineering Department the Baltimore and Ohio Railroad Company, 
with the writer direct charge, and all work south Massachusetts 
Avenue, together with.the north end the bell-mouth, under the 
jurisdiction the Engineering Department the Pennsylvania Rail- 
road Company, with Stuart, Am. Soc. E., direct charge. 

The work under the former company embraced portion the 
plaza, the station, train-sheds, approach, express terminal, main power- 
house, and the Street and Massachusetts Avenue interlocking 
towers, the terminal property, and the coach and engine yard, 
power-houses, engine-houses and shops, the joint property, together 
with the main tracks the Washington and Metropolitan Branches 
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the Baltimore and Ohio Railroad Company, and the Magruder 
Branch the Philadelphia, Baltimore, and Washington Railroad 
Company contiguous thereto. The work under the latter company 
embraced the bell-mouth under Massachusetts Avenue plaza, the First 
Street Tunnel, the connection between the south portal the tunnel 
and the tracks the Philadelphia, Baltimore, and Washington Rail- 
road Company Virginia Avenue, and the Magruder Branch east 
the old Washington Branch. 

The architectural work all buildings and structures within the 
terminal area, embracing the station, umbrella sheds and platforms, 
power-house, express building, and Street and Massachusetts Ave- 
nue interlocking towers, was executed Burnham and Com- 
pany, Chicago, Ill. This company prepared contract drawings and 
specifications covering the various classes work involved, and in- 
vited bids. The propositions were addressed the Chief Engineers 
the Pennsylvania and Baltimore and Ohio Railroad Companies, 
whom they were opened. The contracts were made the Terminal 
Company and executed its President. The detailed drawings were 
then prepared, and the construction was supervised the architects 
under the general direction the writer the Terminal Company’s 
representative. Under the above organization, work the general 
terminal improvements was started August, 1903. February Ist, 
1904, Mr. Graham resigned Chief Engineer the Baltimore and 
Ohio Railroad Company and was succeeded the late Daniel 
Carothers, Am. E., under whose general direction the work 
entrusted the Engineering Department the Baltimore and Ohio 
Railroad Company was completion. 

February 1904, Mr. Stuart resigned and was succeeded 
Robert Farnham, Jr., Assoc. Am. E., under whose direct 
supervision the work was completed. March 28th, 1906, Mr. Brown, 
having reached the age limit under the rules his company, was re- 
tired and Mr. Alexander Shand was appointed his successor. Under 
his general direction the work placed charge the Engineering 
Department the Pennsylvania Railroad Company was completed. 


OPERATION ORGANIZATION. 


The operation organization the Terminal Company consists 
board managers, superintendent, auditor, engineer, master 


mechanic, ticket agent, baggage agent, station master, and 
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general yard master. The board managers composed repre- 
sentatives the owning and tenant companies follows: 
vania, Baltimore and Ohio, Washington Southern, Southern, and the 
Chesapeake and Ohio, five members all, reporting the board of: 
directors the Terminal Company. 

The superintendent the active head the organization, and re- 
ports the board managers. The heads the various departments 
report the superintendent. addition performing the duties 
that office, the auditor also superintendent the terminal relief 
department. The engineer has charge all matters pertaining the 
maintenance track, interlocking plants, and structures. The master 
mechanic has charge the repairs and general maintenance equip- 
ment, and jurisdiction over the power-stations. 

The ticket agent has charge the sale tickets for all roads 
entering the terminal. The baggage agent exercises jurisdiction over 
the baggage- and parcel-rooms. The station master has charge the 
handling trains and out the station, and the general yard 
master exercises similar jurisdiction over the handling trains and 
equipment the yards. Each the above departments provided 
with the requisite force men perform the duties devolving upon 
it, keep the terminal model neatness and order. 

The duties treasurer are performed the treasurer the Bal- 
timore and Ohio Railroad Company, while those purchasing agent 
are performed the purchasing agent the Pennsylvania Railroad 
Company. 


Although incomplete, the terminal was thrown open the public 
Sunday morning, October 27th, 1907, when the Baltimore and 
Ohio Railroad Company abandoned its station New Jersey Avenue 
and Street and occupied temporary quarters the east end the 
new station. Three weeks later, November 17th, the Philadelphia, 
Baltimore, and Washington Railroad Company abandoned its Sixth 
Street station and transferred its traffic the new station. 

the Baltimore and Ohio Railroad Company was the first 
reach Washington with its railroad and the first organized 
transportation company, not only America, but the world, 
seems but fitting culmination this great work, with which had 
much do, that should the first the new station. 
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October 27th, 1907, will down history marking the date upon 
which the railroads the District Columbia took the final step 
compliance with the Act Congress relating the elimination 
grade crossings the City Washington and the District 
Columbia. 

The old Street Station, which for many years served the patrons 
the first railroad reach the National Capitol, has been removed, 
and the site has been filled the level the surrounding streets, 
line with the general change the topography this section the 
city. The Sixth Street Station has also been removed, and all evidence 
this once busy center has been obliterated. Its removal will permit 
the development the Mall along the lines laid down the Park 
Commission. 

The Baltimore and Ohio Railroad Company monopolized steam 
railroad transportation and from Washington until the late 
Sixties, when the Baltimore and Potomac Railroad Company, now the 
Philadelphia, Baltimore, and Washington Railroad Company, estab- 
lished station south the Mall, but 1872 changed its location 
Sixth and Streets, W., near Pennsylvania Avenue. The 
stations both roads figured conspicuously many historic events, 
and many noted personages passed their portals. Their passing brings 
many memories, but these will soon fade, leaving but imperfectly 
written records enlighten future generations. 


conclusion, the writer wishes express his high appreciation 


the assistance rendered the officers and employees the Penn- 
sylvania and Baltimore and Ohio Railroad Companies the execution 
the above work, especially the late Joseph Graham and Daniel 
Carothers, former Chief Engineers the Baltimore and Ohio 
Railroad Company, and Messrs. William Brown and Alexander 
Shand, former and present Chief Engineers the Pennsylvania 
Railroad Company, under whose joint general direction the above work 
was executed, and Mr. Robert Farnham, Jr., who furnished plans 
and photographs and otherwise assisted the preparation the 
description the work the First Street Tunnel. 
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THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
THE LONG ISLAND APPROACHES THE 
EAST RIVER TUNNELS. 


The portion the Pennsylvania Railroad Tunnel Extension into 
New York City described this paper extends from East Avenue 
Thomson Avenue, Long Island City, Borough Queens, and covers 
that portion the work which the line changes from under- 
ground surface railroad, and the entrance the Sunnyside Yard. 

The work consisted 6950 lin. ft. cut-and-cover tunnel; 555 
lin. ft. retaining wall and invert approach tunnels; one overhead 
highway bridge Hunter’s Point Avenue; one single-track steel 
viaduct and one double-track viaduct, both with concrete floors and 
the latter having concrete approach; grading for surface tracks and 
streets; drainage system, requiring cu. yd. excavation, 
which 61000 cu. yd. were rock; the placing 145000 cu. yd. 
concrete, containing 1520 tons bars and covered 
sq. ft. felt and pitch water-proofing, six-ply thickness; 
215 000 lin. ft. piles foundations; 217 000 lin. ft. ducts; 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
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000 lin. ft. cast-iron and vitrified drain pipe various sizes, and 
2400 tons structural steel. 


ALIGNMENT AND GRADES. 


East Avenue the four tunnels lie the same order that 
which they leave the Terminal Station Manhattan, Tunnel being 
the northernmost and Tunnel the southernmost tube, and, although 
the two pairs are much closer together than through Manhattan, the 
from center center the tubes being, ft., 
slightly more the north than that the northerly pair, they still 
comprise effect two double-track railroads, and being west- 
bound, and and east-bound tracks. They are that point all 
The alignment and grades are shown Plate 
CXXVIII. 

elevation tracks, and are the same, the top rail 
being ft. below the surface, and the grades 1.5, 1.25, and 1.22%, 
respectively, while but ft. below the surface, and 
1.9% grade. 

East from East Avenue, Tunnels and continue the 30’ 
curve for distance about 700 ft., then they compound into 43’ 
curves which continue beyond the portals and bring the lines into 
parallel tangents side side, whereas Tunnels and compound 
from the 30’ 43’ curves within 180 ft. East Avenue, thus 
throwing them the south and causing pass under and 
approach until they emerge through joint portal distance 
ft. from East Avenue into slightly converging tangents, which 
point Line 115 ft. distant from Line and the four lines form 
right-hand four-track railroad, which order they continue into 
the Sunnyside Yard. 

The portal Line slightly west the joint portal for Lines 
and being 1815 ft. from East Avenue, whereas the heavier grade 
Line brings its portal just west Hunter’s Point Avenue, and 
1100 ft. from East Avenue. 


The clearance line the tunnels above top rail identical for 
all sections, and very similar the single-track tunnels under Man- 
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hattan, but the varying conditions foundation and adjoining struc- 
tures required variations both floor and arch roof. Fig. shows 
two typical sections. Where the structure rock foundation, 
shown Section No. the floor has minimum thickness in. 
and not water-proofed, but, where supported piles, the floor 
necessary distribute the load over the piles properly heavy enough 
resist the upward pressure the water, and therefore the water- 
proofing carried under the tunnel, being placed sub-base 


TYPICAL SECTIONS TUNNELS. 
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in. concrete, in. about the head the piles and in. over them. 
All the tunnels are water-proofed above the floor level, and those 
supported piles the water-proofing forms complete envelope. 

Only those sections where the original rock stood elevation 
ft. more above the bench-wall, Section No. Fig. 
any arch action required the roof make stable; under all 
other conditions sufficient steel was put the sides and top the 
arch make them stable beams. The amount reinforcement 


varied with the depth cover and the position the adjacent surface 
tracks; Section No. Fig. shows typical section tunnel pile 
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foundations. Tunnels built rock, the original surface which was 
less than ft. above the bench-walls, are similar that section above 
the top rail and similar Section No. below that point. 

The crossing Tunnel over Tunnel required special sections. 
Where the tunnels approached each other from the west, Tunnel 
was entirely rock excavation, the original surface which was either 
above slightly below the floor Tunnel little variation, there- 
fore, was required, shown Fig. 

will noted that the only variation these sections either 
tunnel from the usual form consists thickening the bench- and 
side-walls Tunnel and the batter given the bench-wall Tunnel 
order distribute the load over Tunnel Where Tunnel 
left Line toward the east the rock was much lower comparison 
with Tunnel and, save concrete, the expedient was resorted 
supporting that portion Tunnel not resting cellular 
construction, formed series jack-arches conjunction with the 
north walls Tunnels and shown Fig. After Tunnel 
had entirely cleared Tunnel the jack-arches were continued the 
portal, the side-walls being omitted below the floor thus forming 
concrete viaduct which Line was supported. 

was not expected that the drain Tunnel its crossing over 
Tunnel would carry any water except when the sump the portal 
might allowed overflow, and, prevent leakage such times 
through the joints between sections into Tunnel copper flashing, 
shown Fig. was designed, with bellows fold lying the joint 
between sections permit expansion. 

The splicing chambers, refuge niches, ladders, all tunnels 
were similar design and spacing those the cross-town tunnels 
under Manhattan. 

the several portals, there are sumps for catching the drainage 
from the inverts, together with chambers for the pumps necessary 
for that water; there are also concrete stairs from the surface 
the bench-walls and tunnel floor. Plate shows three longi- 

tudinal sections and one cross-section the B-D portal; the other 
portals are similar, but each for single tunnel. 

The retaining wall and invert approaches the tunnels are 
form and effect practically dry docks, the material against which they 
protect the tracks being mud instead water. Plate shows 
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plan and sections the common invert for Lines and Those 
for Lines and are for one track each, but are similar that for 
B-D with the portion between the center lines and omitted 
and the 15-in. vitrified drain reduced 12-in. and placed the 
side-wall opposite the ducts. 

The inverts, with the exception 150 ft. Line the vicinity 
of. Pierson Street, are all supported pile foundations, and the neces- 
sity keeping the heads the piles below the ground-water level 
required that the outer end the invert built flatter grade 
than the tracks, the intervening space between floor and base tie, 
about ft. the curtain-wall, being filled with broken stone. 

The purpose the center-wall, built westward from Station 
between Lines and prevent the upward pressure the mud 
from lifting and breaking the concrete floor, and, incidentally (as does 
each side-wall), furnishes column foundations for the elevated 
freight lines crossing the yard. 


CoNTRACTORS. 


stated the paper Alfred Noble,* Past-President, Am. Soc. 
E., the work was done Naughton Company and Arthur 
with the exception the steel and concrete superstructure the 
viaducts, and length about 140 ft. Tunnel the intersection 
Fourth Street and Van Alst Avenue, which was built the Degnon 
Contracting Company conjunction with its construction the 
Steinway Tunnel which this point rests partly top Tunnel 
The Secretary and Manager for the contractors was George 
Am. E., and through the greater part the work 
their Resident Engineer was Wilson, Am. Soe. 

They began work June 4th, 1907, and completed their contract 
December 31st, 1909, with the exception small amount 
cleaning up, which could not finished until the Long Island Railroad 
tracks were moved from temporary position which they occupied 
during most the time that the work was progress. 


The condition the beginning the work shown Plate 
CXXXI. The tracks the Long Island Railroad occupied the surface 
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the line portions the work from Third Street near Van Alst 
Avenue Thomson Avenue, the elevation the top rail varying 
from 303 304 ft., from ft. above mean high tide. Hunter’s 
Point Avenue crossed these tracks through truss bridge 
elevation 322 ft., the length the bridge being ft. and the 
approaches embankments, which the northerly side the 
bridge were practically level, but the southerly side descended from 
the bridge grade. Meadow Street had been graded 
average elevation 307 ft. from Hunter’s Point Avenue Nott 
Avenue, and fills varying widths existed line the cross-streets 
from Nott Avenue Arch Street, extending from Meadow Street 
within ft. the railroad tracks. The remainder the area 
east Van Alst Avenue was swamp over which the water stood 
elevation 302 ft., the depth varying from ft. West 
Van Alst Avenue the ground had all been filled and the swamp mud 
compressed thin water-tight stratum. The surface the swamp 
was bed tough peat, and underlying there from ft. 
black swamp mud which when stirred with water became per- 
fectly liquid, but, its original condition, was practically impervious. 
The fills made for the railroad and streets had displaced compressed 
very thin layer the swamp mud those particular locations. 


Rock. 


The elevation the underlying rock varied greatly, rising the 
sub-grade the railroad tracks Anable Avenue, from which point 
sloped all directions until was about ft. below the surface 
Nott Avenue and from ft. below between Davis and Arch 
Streets. West Hunter’s Point Avenue the rock rose rapidly again 
until East Avenue the entire section each tunnel, except was 
below its surface. Where the rock east Hunter’s Point Avenue lay 
within few feet the surface, the mud extended entirely it, but, 
the rock fell off, different strata sand and clay were encountered. 
Toward the east, and south the high point rock Anable 
Avenue, the sand predominated, and west and southwest that point 
was found more clay which, toward Hunter’s Point Avenue, contained 
many boulders, varying size from few cubic feet cu. yd. 
This stratum clay was practically water-tight and quite firm when 
surface water was kept from it, but became “soupy” very quickly when 
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wet. Immediately overlying the rock, practically all cases where 
was uncovered ft. more below the surface, there was water- 
bearing stratum coarse sand and gravel, and there was ample evi- 
(of which one two instances will noted) that the same 
water-bearing stratum existed where the rock was not uncovered. 
the line B-D invert, near Station (D), the borings were too far 
apart give sufficient information depth rock, and 2-in. 
pipe was driven down several points. one these points, being 
found difficult remove the pipe, was allowed remain, and water 
flowed from its top, the flow continuing even after the excavation for 
the invert was completed and until the pipe was finally removed. Many 
piles which were slightly heart-checked showed small flow water 
through the checks when the surrounding ground was ft. more 
below their tops, and, during cold weather, mounds ice were fre- 
quently formed tops piles which would have been dry except for 
the water rising through them. 

The strike the rock was almost directly east and west, about 
right angles the general strike underlying the portion the work 
Manhattan. The pitch was generally about 90°, although varying 
greatly from that angle for short stretches. 

The rock uncovered was very good quality gneiss, sometimes 
degenerating mica schist, but for the greater part containing but 
little mica and very minute particles, that much that excavated 
made excellent concrete stone, about cu. yd. crushed stone 
being obtained for each yard rock excavated. 


The first step taken the contractors was drain the area east 
Hunter’s Point Avenue. Two 4-in. centrifugal pumps, operated 
40-h.p. boiler, were placed along the railroad near Court Street, and 
main ditch was opened, parallel the tracks, with cross-ditches leading 
from the ponds between the filled streets. The pumping plant began 
working July 10th, 1907, discharging into Dutch Kills Creek over 
low ground lying south Meadow Street, and less than hours 
had lowered the water such extent that only one pump time 
could run. After one week’s pumping very little water remained. 
Throughout the work difficulty was caused the surface-water, 
which looked quite formidable the start, but pumping had con- 
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tinued for few hours per day with the surface plant until the work 
was practically completed. 

comparison XVIII and CXXXI will show that the 
Long Island Railroad tracks cut the work into two sections, and that 
their position, shown Plate they effectually prevented any 
work large part the construction for and the vicinity 
Hunter’s Point Avenue. was very desirable that the bridge 
that avenue should completed and the traffic restored early 
possible, roadbed had been graded for the tracks the line 
Meadow Street, shown Plate previous letting the 
contract. The moving the tracks that location required the cross- 
connection for freight near the outer end the work, and made very 
desirable the completion the abutment and four piers the easterly 
end Line 13, Plate before they were moved. The south 
abutment Hunter’s Point Avenue Bridge, the small piers just east 
the B-D portal and the B-D invert itself were all close the 
proposed temporary location those tracks that was expedient 
much them possible while the tracks remained 
their original location. This condition fixed four points attack, the 
abutments and piers above mentioned forming three and the easterly 
end the B-D invert the fourth, and, since 90% the rock excavation 
lay west Van Alst Avenue, was likewise desirable open that 
end the work once, which made fifth point attack. The 
tracks were put service their temporary location May 11th, 
1908, the piers and abutments mentioned having been completed with 
the exception that only the foundations could built for the two 
southerly piers the group four near the B-D portal because their 
location was immediately under that the tracks. The easterly 
400 ft. the B-D invert was likewise completed that date, and the 
work west Van Alst Avenue well opened up. 

For convenience handling, the work was divided into three 
sections, and each was put charge separate superintendent, the 
work west Hunter’s Point Avenue forming the first, Hunter’s Point 
Avenue Bridge and the tunnels underneath the second, and all work 
east Hunter’s Point Avenue the third. 

The excavation west Van Alst Avenue was made open cut, 
the earth being excavated small Thew steam shovel and disposed 
horses and wagons the northerly approach Hunter’s Point 
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Avenue and adjoining streets, where the material was used bring 
their grade new level made necessary the construction the 
tunnels and the alterations the Long Island Railroad. That portion 
the approach the old Hunter’s Point Avenue Bridge which lay 
above the general surface and had removed reason the 
length bridge, was likewise removed steam shovel, but 
all excavation, with the two exceptions just noted, was made 
securely-sheeted trenches. That for the B-D invert and Tunnels 
and east Hunter’s Point Avenue will described somewhat 
detail, was typical the whole work, and variations from 
will noted. 

Lines and previously explained, approach the tunnels 
common invert, shown Plate CXXX, although for part the 
length the lines are separated concrete wall. 

The excavation for the invert varied from ft. wide the easterly 
end ft. the portals, and depth from ft. the former 
point ft. the latter. 

line piles, ft. apart, was driven each side the pro- 
posed permanent construction and about ft. outside it, with two 
additional lines set divide the excavation into three approxi- 
mately uniform widths, shown Fig. Plate these 
piles the rangers and struts the top set were bolted. The struts 
were 12-in. squared timbers, though some the later work 
round sticks were used. The top set rangers was formed two 
12-in. sticks blocked apart sufficiently form slot for the 
sheeting, which varied thickness from in., depending the 
depth the excavation made. The piles described above were 
driven sheeting-hammer shown Figs. and Plate 

The timbers were set place and the piles were delivered the 
travelers shown the background that photograph and closer 
range Fig. Plate which the two travelers are 
standing back back their rails. All the derricks were supported 
clusters piles driven for the purpose, therefore, they could 
erected very close the side the excavation, which gave them 
greater effective radius than they would otherwise have had. Each 
traveler rail rested short ties carried two 12-in. stringers, 
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supported three pile bents every ft., the piles being driven the 
steam hammers subsequently described. These piles were proper 
locations for the finished work, and, after the excavation was com- 


pleted, those which did not have proper bearing were driven deeper 


the drop-hammer, after which all were cut off the correct 
elevation and used the permanent work. 

The sheeting was set and driven the sheeting drivers before 
mentioned, which were moved along rollers resting the top set 
struts. was driven, before beginning the excavation, deep 
would and yet remain plumb; this was, some cases, the entire 
depth required, and, all other cases, through the swamp mud and 
into the underlying material. The use heavy sheeting was great 
advantage, account its ability stand the driving and span 
considerable lengths when became necessary remove struts during 
the concreting. 

previously stated, the entire B-D invert rested pile founda- 
tion, the bents being ft. apart and the number piles per bent vary- 
ing from 15. For the easternmost 460 ft., where the depth 
excavation was small and the material excavated such nature 
that its presence the driving would not affect the penetra- 
tion, the piles were driven before excavating was commenced. 

The excavating was done and 1-yd. orange-peel buckets 
operated the derricks travelers, few men being kept the 
trench shovel the material from under the struts and rangers 
points where the buckets could reach it. The material was loaded into 
narrow-gauge dump-cars and such was suitable was deposited 
embankment for surface tracks used for back-filling completed 
structures, while the swamp mud was wasted low ground south 
Meadow Street. 

Additional sets struts and rangers were placed intervals 
from ft. the excavation proceeded, the latter spacing being 
used toward the bottoms the deeper portion the trench. 

Where the bottom, the elevation the base the concrete, was 
soft that would churn and become mixed with the concrete 
placing, the excavation was carried from ft. deeper, and the 
intervening space was filled with refuse from the rock excavation and 
dust from the crusher. The greater depth was used all points where 
the excavation had not penetrated the swamp mud and was sufficient 
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form blanket through which the mud did not work previous 
the concrete being placed. 


Although the two tunnels were built separately throughout most 
the distance from the portal section Hunter’s Point Avenue, they 
were constructed single trench, the distance between them being 
slight make the removal the additional excavation less expensive 
than the driving two lines sheeting. The width the trench 
varied from ft., and the depth from ft. 

The methods sheeting and excavating were similar those 
described above for the invert, except that the travelers were not used, 


ARRANGEMENT STRUTS. 


all the excavation being made the derricks which, account the 
width the trench, were alternated its two sides. 

The struts all trenches for tunnels were placed such elevations 
would require the least number possible removed each step 
the construction, shown Fig. 

The entire excavation for Tunnels and was carried depth 
considerably below the bottom the swamp mud, and much was 
rock through material firm require picking, after 


which, however, was loaded into cars the orange-peel buckets 
before described. 


LS 
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The construction the B-D portal was commenced about the 
same time, and was carried simultaneously with that for the invert. 
The excavation was somewhat wider than that for either tunnels 
invert, the additional room being required for the pump chamber and 
sump, and, was intended complete the portals the top 
the tunnel bench before proceeding with the excavation east west 
them, was sheeted all four sides, and the timbering varied con- 
siderably from that described for the invert, shown Fig. 
Plate The framing was done rectangular 12-ft. bays 
12-in. timbers, and the sheeting was 14-in. with tongue 
and groove formed strips firmly spiked the main 
timbers. 

The location the portals brought part the excavation within 
the limits the fill for Crane Street. This was removed the general 
level the swamp, the rangers and struts the top set were then 
set and temporary piles for supporting them were driven each inter- 
section, shown Fig. Plate after which the sheeting 
was set and driven through the swamp mud. Excavation was then com- 
menced with one the orange-peel operated derrick. 
Fig. Plate gives good idea the nature the material 
and the length sheeting remaining driven during the excavat- 
ing. Additional tiers struts and rangers were set intervals 
about ft. 

The effect continuing drive piles after they have reached rock 
was clearly shown when the earth excavation for these portals was 
completed. Piles were furnished the timber foreman charge this 
excavation, length somewhat greater than necessary reach rock 
the elevation indicated the borings, and was instructed the 
superintendent the work drive them rock. The machine used 
was one the 2000-lb. sheeting-hammers before mentioned. The 
foreman reported that had driven the piles far possible with- 
out bringing their tops below the upper set timbers which they were 
intended support and had not reached rock, which must deeper 
than anticipated. Figs. and Plate CXXXV, show what actually 
the bottoms practically all the piles being similar those 
here shown, and glance Fig. Plate will show that the 
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tops were not badly broomed. Unfortunately, record was made 
the amount rate penetration these piles their actual length 
before driving, they were not part the permanent work, but the 
foreman insisted that they all moved very uniformly the time 


stopped driving. 
Line Invert TUNNEL. 


The excavation for Line invert and tunnel east Hunter’s Point 
Avenue was very similar that described for B-D, with the exception 
that, being for single line, was much narrower, ft. the easterly 
end and ft. the widest point. 


The excavation for Hunter’s Point Avenue Viaduct and the tunnels 
underneath was made four trenches. Trench No. was for the 
south abutment alone, and was 196 ft. long, ft. wide, and varied 
depth from ft. The timbering was similar that described 
for the B-D invert, the top set being shown Fig. Plate XVI, 
together with the location two stiff-leg derricks which covered the 
entire excavation. Excavation No. the order which they were 
made, was for Tunnel and the north abutment, the two structures 
being continuous block concrete, although not monolith from 
foundation bridge seat. This excavation was 176 ft. long, ft. 
wide all points, except for the wings the abutment, and the 
depth from the general surface rock was from ft., which, 
except the extreme easterly end, was above the proper elevation for 
the foundation the tunnel, and, therefore, required that the rock 
excavated for the width the tunnel and for depth varying from 
ft. 

There was slight variation from the general method the proce- 
dure this excavation, due the site being partly occupied the 
northerly abutment the old overhead bridge previously mentioned. 
was founded piles about ft. below the level the general sur- 
face, and was removed and the entire excavation made that depth 
before any timbering was placed. Two sets rangers and struts were 
then laid, the first the bottom excavated, and the second posted 
ft. above, after which the sheeting was set and driven about ft. 
below the lower set rangers and carried down the excavation 
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The third excavation was 142 ft. long and ft. wide, and 


the three southerly piers and Tunnels and The fourth excavation, 
for the northerly pier and Line invert, was shallow, the founda- 
tion was piles elevation only ft. below the general surface, 
and was made between the southerly sheeting Trench No. and the 
northerly sheeting Trench No. 


CONCRETING. 


building the following general principles were adhered 
to: that all sections for piers and abutments should mono- 
liths above the level the surrounding grade; that tunnels and inverts 
should nearly practicable; and that the length 
sections continuous structures should approximately ft. 


SEQUENCE OPERATIONS. 


all invert work resting piles, three concreting operations 
were necessary; the first was the concrete base for water-proofing, 
which was in. thick, in. about the heads the piles and in. over 
them; the second comprised the floor from the water-proofed base 
the elevation the bottom duct; the third was the construction 
the side-walls. For 346 ft. the westerly portion B-D invert, 
where the distance from the bottom duct the surface the ground 
was greater than ft., was not considered safe remove all 
struts, and the side-walls were built two lifts, making total 
four operations. The limits these several operations are shown 
Plate lines marked “construction joints.” 

The tunnels were built three operations above the rock founda- 
tion, water-proofing, where not founded rock; the first was 
the floor and side-walls the level the ducts; the second was 
the bench-walls; the third was the arch. the north abutment 
for Hunter’s Point Avenue Bridge, built conjunction with Tunnel 
these levels were carried right through the abutment, and the final 
lift, above the top the tunnel arch, was built monolith. 
the crossing Tunnel over Tunnel west Hunter’s Point 
Avenue, the third operation Tunnel namely, the arch, included 
the floor the duct level, leaving two operations for 
Tunnel proper, and making five for the two tunnels. These “con- 
struction joints” are shown Figs. and 
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The forms for the first lift, water-proofing base, were very 
simple, consisting 10-in. plank along each side, braced from the 
sheeting form ditch for carrying off the water, and bulkhead 
the same height the end the section. Steel rods, sq. 
in. net section, were then placed resting directly the piles, longitu- 
dinally, crosswise, and both diagonals. These rods were intended 
bind the entire mass together and prevent the piles from pulling the 
slab apart subjected lateral pressure from mud waves. 

The was delivered 2-yd. Stuebner buckets, handled 
derricks and dumped laborers standing the prepared founda- 
tion, handling the concrete being necessary after was dumped, 
excepting ramming and spading about the piles and steel rods. 
surface sufficiently smooth for the water-proofing was obtained 
patting the concrete with the flat the shovel; where occasional 
point stone showed through, after the base had hardened, was 
picked out and the void filled with mortar. 

The next step was build the brick protecting wall for the water- 
proofing height least the level the duct bench. Where 
necessary make room, was the case the section shown Fig. 
Plate XVII, the lowest set timbers was first removed, 
thrust being taken the 9-in. water-proofing base. 

Forms for supporting the brick wall were built sections, from 
ft. long and from ft. wide, 2-in. planking securely 
spiked 6-in. posts, and were easily swung about from place 
place the derricks and quickly set and braced the sheeting. 
They are shown extending slightly beyond the brick wall Fig. 
Plate The brick wall was in. thick, and fillet 
mortar was formed the junction with the concrete base, was 
found impossible tuck the water-proofing into absolutely square 
corner and keep there. 

The water-proofing, six ply felt and seven pitch, similar 
that described previous papers this series, was applied two 
sheets three layers each and three lengths. The first sheet 
three layers was laid the base extending from brick wall brick 
wall, shown Fig. Plate XVII, each strip lapping ft. 
over the previous strip. sheet three layers was then applied 
each brick wall, the strips running vertically and breaking joints 
manner similar those the base sheet, over which lapped 
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least ft. The second sheet three layers was then laid the base, 
lapping ft. over the ends the vertical strips, and was followed 
with the sheet three additional layers the brick walls, laid 
before described. 

can noted referring the “construction joints” shown 
Figs. and and Plate that the floor sections, built, 
included the side-walls the duct-bench for plain floors, and for 
floors with fillet included the entire fillet, which extended from 
in. above the level the bottom ducts, and necessitated step down, 
that amount, just front their location. 

The forms for the few inches side-wall built conjunction with 
the plain floor consisted simply square timber with one side cut 
form the batter the wall. The forms for the fillet were built 
26-ft. lengths, that two lengths would serve for one side 
50-ft. section and lap the finished work. These forms are shown 
Fig. They were supported one end the finished work, 
the other the timber bulkhead the end the section and four 
five intermediate points concrete pillars previously moulded for 
the purpose, and indicated dotted lines Fig. and were further 
held position vertical and diagonal braces from both sides the 
forms the struts above. The drain form, likewise shown Fig 
was similarly supported. Each section contained two large iron rings 
which could lifted vertically the derricks. that por- 
tion the B-D invert having center-wall, four lines the fillet 
forms were necessarily required. The drain, 15-in. vitrified pipe 
the floor under the center-wall, was laid the concrete was placed, 
and wired and braced down from the struts above. Fig. Plate 
CXXXVII, shows the first section invert floor this type built. 
the time this photograph was taken the fillet forms had been re- 
moved and are seen lying loose, the section had been back-filled 
the level the duct-bench and the top set timbers had been 
removed preparatory moving the side-wall forms ahead. These 
forms are seen the background, where the preceding section 
side-wall being concreted. These forms and those for the bench-walls 
the tunnels were very similar, those for the tunnels being shown 
Fig. They were very solidly constructed, and the bolts and 
wedges (shown Fig. permitted their adjustment the curves 
nicety, and enabled them slacked off readily for moving 
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ahead from section section. They were built 52-ft. lengths, 
that one end was constantly engaged the finished work. They 
traveled rails laid stringers the floor the tunnel, 
being pulled ahead block and fall operated one the derricks, 
and, when position for concreting, were blocked free the rail. 
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The outside forms were similar those described for the invert 
floor, and were used for the tunnels earth the same manner, 
being set outside the line for the brick protection which was then 
built and water-proofed before the concrete was placed. For the in- 
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the back forms above the duct-bench were set the line 
the back the conerete, and the water-proofing and brickwork were 
placed subsequently. This was necessarily so, the backs the 
inverts stepped each ft. rise, and the brickwork above the 
first step had nothing which rest until after the concrete was 
built. 

The ducts for electric cables were sometimes laid before the bench- 
wall forms were moved ahead, and sometimes afterward, but were 
all allowed set before the was deposited about them. 

The arrangement the ducts shown Figs. and 
were only two kinds, low-tension, and telephone telegraph, 
the former being single and the latter four-ways. The ducts them- 
selves and the methods laying have been described previous 
papers this series. 

The was delivered Stuebner buckets the derricks, 
described for the floor, but was not dumped the form, but the 
platform over the carriage, and shoveled from there into the form, care 
being required keep all times the same level the back 
and front the ducts, they were easily pushed out line. 
This was particularly true the four-ways which stood single 
tier six high. Two men each bench-wall kept the concrete well 
rammed and spaded. After the ducts were covered, the concrete was 
dumped directly into the forms, and little shoveling was necessary. 

The arch forms were built sections the same length as, and 
supported on, though not attached to, carriages similar the bench- 
wall forms. The carriage and forms are shown Fig. The ribs, 
angle irons, placed back back and separated sufficiently admit the 
braces. They were hinged point ft. in. above the springing 
line the arch, which was itself ft. in. above the bench, and the 
end sections the bottom chord, being hinged the junction with 
the arch rib and bolted the inner end, could removed and the 
whole lower section the form pulled into the position shown 
dotted lines Fig. when was desired slack the arch. 

The arch ribs rested and were securely bolted 12-in. 
timbers laid flat and parallel 50-ft. chord the tunnel curve, the 
arch and ribs being radial, with their ends parallel the curve. 
The sheeting was 4-in. yellow pine, cut the curve the 
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intrados, with radial edges, and was bolted with stove-bolts the arch 
ribs. The forms were blocked into position with wedges between the 
longitudinal timbers mentioned above and similar timbers bolted 
the top the and also from blocking resting the bench- 
walls near the outer ends the lower chords. 

The most economical procedure was have sufficient length 
floor concreted ahead the bench, and the bench ahead the arch, 
enable the forms moved their regular order, but the room 
for receiving excavated material was limited that times be- 
came expedient carry the arch even with the completed bench; 
which case the arch forms were run ahead pipe rollers and blocked 
the platform the bench-wall carriage. The bench-wall ear- 
riage was pulled ahead for the next section bench when desired, the 
arch form being left blocked the completed bench-wall, and its 
own carriage was shoved under for the subsequent move. 

The outside forms above the bench, for tunnels earth, were sin- 
ilar those for the floor and bench-wall, but were built 
sections the same height the vertical height the tunnel above 
the bench-wall. 

The concrete was dumped from the buckets before described the 
crown the arch form and with little assistance slid into position, 
where was rammed and spaded into compact mass two men 
each side the arch. After the concrete had reached the crown 
the arch, the buckets were dumped different points over the entire 
section, and shoveling was thus avoided. 


TUNNELS Rock. 


The construction tunnels rock varied somewhat from 
that described for tunnels earth, the amount variation depending 
the elevation the original surface the rock with reference 
the floor the tunnel. The variations, however, can classed under 
three headings: tunnels resting rock, but not rock excavation; 
tunnels built rock excavation, the original surface which was 
low line ft. above the bench-wall; and tunnels rock excava- 
tion, the original surface which was above that line. 

For tunnels resting rock foundation, but not rock excava- 
tion, the various steps were the same for tunnels pile founda- 
tions, except that, the floor was not water-proofed, sub-floor 
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was required, and the first operation was the building the brick pro- 
tecting walls for the water-proofing the benches. some 
where the rock, which the tunnels were rest, was more than 
ft. below the finished floor, concrete was deposited that level 
before the brick walls were started. When the water-proofing was 
placed the brick protecting walls, was carried down their base, 
and, the concrete for the floor proper was being deposited, the 
tom in. the entire six laps was turned and the concrete rammed 
under and about it, thus forming seal prevent water from 
rising between the concrete and the water-proofing and finding joint 
through which work into the tunnel. 

Where tunnels were rock excavation, the first step was build 
sand-walls concrete, filling the entire space between the water- 
proofing line and the sides the rock excavation. Where the sur- 
face the rock was below the level the top the bench, the sand- 
walls were built for the full height one operation, but, where the 
rock was high, two more operations were required, was diffi- 
cult force the concrete down narrow space, considerable 
height, varying thickness from practically nothing 
ft., and also because was difficult attach the water-proofing 
sheer height and keep there for the length time that must 
elapse between the beginning the construction the floor and the 
completion the arch. 

The forms for the sand-walls were the same those used for the 
brick protecting walls, and were held place raker braces from 
the bottom the cut, or, for the upper lifts, from the completed 
bench-walls. 

Fig. Plate CXXXVI, shows Tunnels and with sand-walls 
the south side and the north side and brick protecting 
walls the adjacent sides the two tunnels. can noted that 
the water-proofing the brick walls tacked the forms above 
the brickwork prevent from slipping; the strips wood shown 
top the water-proofing the sand-wall are for the same purpose, 
these being tacked through the water-proofing similar strips which 
were embedded the concrete when the wall was cast. When was 
desired continue the sand-walls brick protecting walls higher, 
the strips were pulled off, and the loose laps water-proofing were 


laid back the finished bench-walls, and after the additional height 
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wall had been constructed, one sheet three thicknesses the 
water-proofing was then attached the new wall. The first sheet 
three thicknesses the upper lift having been brought down and 
lapped over them, the remaining laps from the lower lift were raised 
and pitched the wall, and the last three thicknesses from the upper 
lift were then applied. was found very difficult prevent the 
lower sheets from sagging after this had been done, particularly 
warm weather, although they were braced soon possible after 
the operation was completed, and, during the later stages the work, 
better results were obtained cutting the water-proofing off just back 
the strips, allowing the strips and the water-proofing under them 
remain and concreted with the next lift sand-wall and lapping 
the entire six-ply from the upper lift ft. over the joint. This, 
course, could not done with the brick walls, and bracing had 
depended hold the water-proofing place, which, however, 
was not serious matter, the brick walls, usually, were not con- 
tinued until after the arch forms were place, that concreting 
followed promptly the application the upper lift water-proofing. 

The greatest variation, from the forms and methods used for tun- 
nels earth, occurred where the rock was sufficient height 
form abutments and develop arch action the tunnel, and its roof 
was true arch section, shown Section No. Fig. The 
forms for this type arch were similar those previously described, 
with the exception the outer forms for the arch proper. These 
forms are shown Fig. Plate the form the left 
being ready for concrete and that the right process con- 
struction. Each bent, though securely bolted together, was little more 
than template, and was not depended take the thrust from 
the wet concrete, the forms being firmly braced from the sides the 
cut adjoining arch. When being moved, the sheathing was knocked 
loose from the bents, and they were moved ahead and set sepa- 
rately, after which the sheathing was replaced the height shown 
the photograph, about level with the intrados the arch its crown, 
the remainder being placed just ahead the concrete, not 
curtail the working space. 

The crossing Tunnel over Tunnel introduced special sec- 
tions and therefore required special forms. Where the tunnels ap- 
proached each other from the west and Tunnel was entirely rock 
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excavation and Tunnel either required rock excavation slight 
thickening the floor reach the rock foundation, the special 
form work was slight. Fig. Plate CXXXVIII, shows the arch 
Tunnel and the floor Tunnel the most westerly joint 
section, together with sub-base for the next easterly section 
Tunnel built conjunction with the southerly sand-wall for 
Tunnel 

The special forms required where Tunnel leaves Tunnel 
the north are clearly shown Fig. Plate they being 
completed ready for the arch form for Tunnel the 
top which shows the foreground. The forms for the jack-arches 
were built position and ripped apart each move, 7-ft. open- 
ings being left between them, through which the material could 
passed ahead. The rock underlying Line this point varied from 
ft. above the base Tunnel and the construction the 
floor and side-walls the latter was identical with that the single 
tunnel, the entire jack-arch construction and the floor Tunnel 
being concreted with the arch Tunnel Fig. Plate 
shows the relative position the tunnels just west the jack-arch 
construction, the rock which the jack-arches rested being shown 
the right the uncompleted portion Tunnel 

The cellular construction extended within ft. the portal, 
from which point the portal the viaduct support, mentioned the 
description the design, was used. this construction the arches 
were built separately from the floor the tunnel, and formed sub- 
base which water-proofing was laid similar that described for 
tunnels pile foundations, the entire construction varying from that 
tunnel piles only the substitution the concrete viaduct 
for the piles. 

The portals the tunnels, although very simple appearance 
when completed (as shown Fig. Plate required 
immense amount work, can readily seen 
examination Plate showing few sections B-D portal, 
which, account the two tunnels, somewhat more complicated 
than that for either Tunnels This portal section was 38.5 ft. 
long, and included: length ft. tunnel, measured the 
elevation top rail, the face the portal being batter 
in. the foot; 24.5 ft. invert; three sets stairs, each joining 
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the roof the tunnel, the top the invert wall, the tunnel bench- 
wall, and the floor tunnels; two sumps arch and invert form, 
wide, ft. high, and ft. long; two 17-ft. pump chambers; one 
large manhole the outlet the drain the sump; two splicing 
chambers; one telephone tower, for bringing the cables the surface; 
and numerous openings for pump suction and discharge pipes, 
eables, ete. 

The conerete was placed four operations, the first including all 
below the level the duct-bench, the second the tunnel- 
bench and the steps leading from that bench the tunnel floor, the 
third including the side-walls the inverts, all remaining stairs, and 
the pump chambers above the floor, which stage the photograph, 
Fig. Plate XIX, was taken, and the fourth the tunnel arch. 

The details the form work would little interest, but few 
points will mentioned. The sump forms were built sections 
the contractors’ shop, and required only joined together after 
being lowered into the excavation, where they were supported bolts 
which had been into the rock floor. They were prevented 
from moving sidewise, being braced apart and frem the sides the 
excavation, which braces were removed the concreting proceeded; 
and from rising being filled with water above the level the con- 
advanced. The stair forms first erected consisted 
risers only, the treads being placed after the riser was full concrete. 
The arch roof the portal was not built until after the bench-wall 
the west had been completed and the regular tunnel centers had been 


erected. 
CARE 


Many springs were encountered the rock excavations, and, 
the water had considerable head, great care was required handle 
prevent from washing the cement out the concrete 
floors and leaving them porous. The usual method was build 
small brick inverted sump over the spring and lead through pipe 
(which was concreted in) some point outside the section. One 
the largest springs was the last section concreted Tunnel 
near Station 60. The usual methods were tried, but, probably 
due this being the last section, which required the water rise 
the pipe slightly above the level the finished floor before could 
run off, there were three springs through the floor the concrete 
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after had set. The porous concrete was cut out about these 
and pipes were set and grouted the floor, the flow being thus con- 
fined the pipes. After the grouting had thoroughly set, the pipes 
were plugged temporarily, but this was followed leakage from the 
expansion joints either side them. The leakage formed quite 
stream several points below the level the bench-wall and the 
bench-wall, and one the joints produced moisture high 
the crown the arch. When the plugs were removed from the pipes, 
the leakage the expansion joints subsided and finally ceased entirely. 
The flow from these three pipes, aggregating about 5000 gal. water 


hours, allowed find its way the sumps through the drains 
provided for that purpose. 


was found number instances that the seal before de- 
the bottom the side-wall water-proofing was not quite effect- 
ive, and small streams water were discovered rising the level the 
duct-bench between the water-proofing and the These were 
for much the same manner the springs the rock, 
pipes set grooves cut the duct-bench and leading the water the 
drains. After the tunnels were completed, these pipes were plugged 
temporarily, and, the water did not then find outlet into the tun- 
nel some other point, they were grouted, but few instances 
was found necessary allow them run. 


There were many small springs the excavation for the B-D 
portal, and, account the great number, the low points the 
rock were with before the forms were set, order 
crowd out many the springs possible and combine others. 
The remaining flow was then conducted through grooves, cut the 
and rock and covered with sheet iron, sump near the 
northeast corner the excavation. The result was very good, 
far caring for the water during concreting was concerned, but, 
after the concrete was placed the duct-bench level and the back- 
filling was completed point about ft. below that level, large 


stream water found its way between the concrete and the water- 
proofing and rose the floor level, ft. above the back-filling, where 
poured out over the top the water-proofing then place. 
attempt had been made seal the bottom the water-proofing, 
was subsequently done, and was found necessary dig down and 


remove about in. and form seal with brick. 
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FOR OVERHEAD TRACKS. 


the time the small piers for Line were constructed, was 
anticipated that some movement would them when the filling 
for the surface tracks was made about their bases, and, prevent 
individual piles from moving different rates and being broken 
torn loose from the pier they supported, the sheeting was left 
place. The tendency move was not over-estimated, difference 
elevation ft. opposite sides pier, even none the 
fill touched it, caused movement away from the fill, which, however, 
was readily counterbalanced placing slight excess fill the 
opposite side. The maximum movement noted any these piers 
was in., and the maximum variation from the original position 
the completion the fill was in. 

The original plans for the approach the double-track viaduct 
for the overhead freight line contemplated earth embankment sup- 
ported two gravity retaining walls resting for most their length 
piles. The action the small piers noted above made plain that 
would be, not only expensive, but difficult, construct the walls, 
where the embankment was high, keep them their original 
position. The grade and location the adjoining tracks were such 
permit the earth embankment take its slope the south 
side for length 368 ft. the easterly end the approach, while 
requiring that the north slope retained. The maximum difference 
elevation the tracks the approach and north being for 
this length only ft., the gravity wall was used. 

the easterly end the gravity wall, which retained only from 
ft. embankment, length 142 ft. was founded the old 
roadbed the Long Island Railroad, while the remaining 226 ft. 
was founded pile bents, spaced ft. from center center, and 
containing three and four piles the alternate bents. Between each 
pair vertical bents two batter piles were set angle 20° 
from the 

stated above, the maximum difference elevation the two 
rails, which represents the height material retained, was only ft., 
and, order keep the piles below the ground-water level, the cut- 
off was ft. below the low rail, which placed the major portion 
the retaining wall below the surface, and seemed like unnecessarily 
expensive construction, but sufficient movement occurred the low 
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wall, founded the old roadbed, justify the additional expenditure 
the higher wall. 

From the westerly end the gravity wall the abutment, dis- 
tance 528 ft., the cellular design shown Plate CXL was adopted. 
This unusual design, but has the advantage being not only 
more stable than two retaining walls piles, but less expensive, while, 
compared with small piers and steel girders, will probably prove 
more economical the end, and has the advantage presenting 
continuous surface any cars which may derailed from the shift- 
ing tracks immediately adjoining the north and south. 

The work was built sections ft. long, that being the distance 
between the cross-walls bulkheads, and each section was constructed 
two lifts, the first being both side-walls and bulkhead from the top 
the piles rock line about ft. below the finished grade the 
adjoining tracks, and the second, side-walls and bulkhead above that 
point, and roof. The construction was carried from the west toward 
the east, the height the structure diminishing that direction 
and thus permitting sections the form removed the work 
advanced. Each bulkhead, course, was built conjunction with the 
section east it, the rear forms for the bulkheads being the only ones 
that had knocked apart and rebuilt the work advanced, and the 
timber forming them was passed ahead through the 54-ft. open- 
ings shown Section No. Plate CXL. The interior movable form 
shown Fig. was slacked off removing the key and tight- 
ening the turnbuckles, and, the same time, removing wedges from 
under the base, the two sections, ft. in. each the bottom, 
being those removed the height the structure diminished. 
view this form and likewise the outside form shown Fig. 
Plate The outside form was built two sections and 
picked and swung ahead the derricks which handled the excava- 
tion and concrete. The braces used for the outside form are shown 
Fig. Plate CXLI, and, addition those braces, the outside and 
inside forms were bolted together three.lines 3-in. bolts spaced 
4-ft. centers. Fig. Plate CXLI, shows the northerly side the 
abutment, which was built conform the cellular approach, and 
Fig. Plate CXLI, shows the cellular work from the south side; the 


east end the first pier for the steel superstructure also shown 
the foreground. 
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PLANT AND OPERATION. 


The contractors’ plant can under seven headings: 


Dock Plant, 

Stone-Crushing Plant, 
Transportation Plant, 
Mud-Disposal Plant, 

Pile-Driving Plant, 
Plant, 
Exeavating and Constructing Plant. 


The power used was steam furnished seventeen boilers located 
different points the work, will hereafter described, the units 
varying from 125 h.p. 

Dock dock plant was the foot Hunter’s Point 
Avenue, Duteh Kills Creek, dock built the contractors 
ground leased from the Long Island Railroad and private parties, the 
contractors having, under permit from the City, laid tracks Hun- 
ter’s Point Avenue, then closed traffic, from the dock the site 
the construction, distance 1700 ft. Parts the dock are shown 
Figs. and Plate CXLII. This plant consisted three stiff- 
leg derricks, two operated Lidgerwood, 10-in. and 10-in., 
double-drum engines with 20-h.p. boilers mounted the same frame, 
and Mead-Morrison, 6-in., swinging engines, used for handling 
cement, brick, piles, timber, and other heavy materials delivered the 
work boat. The third, shown Fig. Plate was operated 
similar Mundy, 12-in. engines, but steam from separate 
80-h.p. boiler, which also furnished power for and machine 
shop. This derrick handled sand and stone from scows directly cars, 
and, during intervals, when cars were present, the bins, from 
which the supply was drawn when scows were hand. 

The cement was likewise usually delivered from canal-boats directly 
cars, but emergency supply was all times kept warehouse 
the dock having 750 bbl. 

The carpenter and machine shop, shown just back the cement 
shed Fig. Plate contained two 36-in. saws (one 
rip and one cut-off), one drill-press, one bolt machine, one pipe-cutting 
and threading machine, and the usual hand tools. 
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The circular saws were used largely for making ties and rough 
form timber from pile butts and rejects, but also some extent 
framing the heavier forms. 

Stone-Crushing Plant.—The stone-crushing plant was near East 
Avenue the southerly side the rock excavation for the tunnels, 
which position much the rock could handled directly 
the exeavating derricks and the remainder very short haul 
The plant consisted two (No. and No. 74) 
crushers, erected that the tops the charging hoppers were only ft. 
above the general surface the ground, and belt and bucket con- 
veyor for carrying the crushed stone set above bins for stone 
and dust which were elevated sufficiently empty into cars gravity. 
The power was furnished battery three boilers, two 125 h.p. 
each and the third 100 h.p., which battery furnished steam also for 
drilling and for operating part the derricks used excavating rock 
and placing concrete the adjacent work. 

Transportation Plant.—The transportation plant consisted four 
16-in. American, two 16-in. Davenport, and two 14-in. 
Davenport locomotives, fifty-eight 4-yd. and six 3-yd. “Western” dump- 
cars, and sixteen 5-ton flat cars, all 3-ft. gauge. 

Mud-Disposal Plant.—The mud-disposal plant was made necessary 
the impossibility maintaining tracks the swamp land south 
Meadow Street, where the material unsuitable for em- 
bankment was wasted. consisted two specially rigged 
operated and dumped double-drum, hoisting engines 
mounted travelers which moved backward and forward the edge 
the swamp. The rigging the scraper shown Fig. the 
seraper being pulled forward the rope, which passed through 
sheave attached deadman the opposite side the swamp from 
the traveler, while the rope, was allowed run loose, shown 
the upper part Fig. until was desired dump the scraper, 
which was accomplished clamping the lower drum-operating rope, 
and pulling the rope, until the scraper was the position 
shown the lower part Fig. when slight pull the rope, 
with the rope, slacked corresponding amount, completed the 
turn. The was then pulled back the starting point the 
rope, 
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Pile-Driving the pile-driving was done three 
No. Warrington steam hammers, with 3-ft. stroke and moving parts 
weighing 000 lb., mounted 45- 48-ft. leads the usual type, and 
raised and lowered 10-in., double-drum, hoisting engines 
mounted the platforms the drivers. These engines also moved 
the piles from the side the excavation, which point they were 
delivered train, the leads, and moved the drivers about lines 
passed through snatch blocks and the nigger-heads. Some piles 
which could not well reached the steam machines were driven 
drop-hammers 22- 25-ft. swinging leads, supported 
the derricks and raised the derrick engines. 


MUD SCRAPER 
engine 


Rope “a” to sheave at deadman 


First Position 


Repe “a” to sheave at deadman 
——> 


Second Position 


The pile-driving force for one driver consisted one foreman, one 
runner, from four six dock builders the driver, and from six 
eight laborers sharpening, peeling, and handling piles. 

Concrete-Mixing Plant.—There were three concrete-mixing plants 
use the work different times, but, they varied only the 
method charging, description the last erected will answer. was 
located just south Tunnels and near their portals, and shown 
Fig. Plate with the charging car the act dumping. 
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Fig. Plate CXLIII, shows the sand- and stone-bins, and the cement- 
house over the charging track, with the supply tracks supported the 
timber structure forming the bins; the one the foreground leading 
from the crusher and the one curving the right and crossing the 
temporary tracks the Long Island Railroad overhead, the dock 
previously described. The framing the bins and the arrangements 
for loading the charging cars are shown Plate CXLIV. The 
arrangement the mixer and the charging cars are shown Fig. 10. 

will noted that the charging car had two doors, both which 
were closed gravity when the car was horizontal position, the 
front door being held shut latch either side the car. The 
second door, which divided the car into two compartments, the for- 
ward one for sand and the rear one for stone, was prevented from 
swinging back its normal position two bolts running through the 
bottom the car. charging, the sand compartment was first filled, 
thus preventing the intermediate door from swinging when 
the stone charge was received. The two compartments the car were 
graduated, and the upper limits the charge sand and stone were 
marked angle irons riveted the sides; the quantity cement was 
determined counting the bags. The rear axle carried two sets 
wheels, the first being the running wheels, the same gauge and tread 
the forward pair, and the second, having small tread and 5-ft. 
gauge, dumped the car engaging pair rails the head the 
which continued elevate the rear the car while the front 
traveled the level. The latch being tripped automatically when the 
rear the car was raised, both doors opened gravity and discharged 
into the hopper the mixer. The water was measured cylindrical 
iron tank the upper platform the mixer, the quantity being regu- 
lated suit the conditions the sand and stone. Inlet and outlet 
valves, operated the mixer runner, controlled the quantity, which was 
determined indicator attached float the tank. The con- 
was mixed 5-ft. mixer, made Thomas Carlin and 
Sons Company. was belt-driven 10-in. Metropolitan, 
horizontal engine located the ground under the incline, and dis- 
charged directly into 2-yd. Stuebner buckets standing flat cars. The 
mixture was 24, and parts, volume, and each charge contained 


bags cement; when deposited the work this made 1.84 yd. 
concrete. 
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The force required charge and operate the mixer was follows: 
one foreman, one runner, one signalman, two sand and stone chargers, 
and four top men who handled cement and dumped ete. The 
largest amount concrete turned out during any single shift, which 
this was hours duration, was 257 batches, equal 473 
cu. yd. measured place. 

Excavating and Constructing excavating plant, all 
which, with the exception the steam shovels and drills, was likewise 
used building and moving forms and placing concrete, consisted 
one Thew, automatic, steam shovel, one Bucyrus, 70-ton shovel, but 
little used, one guy derrick with 80-ft. boom and 82-ft. mast, and twelve 
stiff-leg derricks having masts varying from ft. and booms 
from ft. Nine the derricks, used excavating swamp mud 
and other soft materials, were operated 10-in. Mead-Morrison, 
12-in. Mundy, three-drum engines, and equipped with 1-yd., 
orange-peel buckets, the others were driven 10-in., double- 
drum, Lidgerwood engines, with the usual and 2-yd. dump- 
buckets. All derricks had addition 6-in. Mead-Morrison, boom- 
swinging engines. 

There were two travelers, each carrying two the derricks noted 
above, together with their engines, and one 50-h.p., return-tubular 
boiler (shown Fig. Plate The derricks were the 
shortest those described, having 38-ft. masts and 65-ft. booms, and 
the engines were the three-drum type required operate the orange- 
peel buckets. 

The travelers were ft. from gauge gauge, and were supported 
wheels, side, which were directly under the foot-blocks 
the derrick. When working, they were supported free the rails 
blocking between the outer sills the travelers and the track ties. 


SUPERSTRUCTURE FOR VIADUCT. 


Hunter’s Point Avenue Viaduct 
ture with reinforced concrete floor having 42-ft. roadway and two 
10-ft. sidewalks. 328.5 ft. long, from face face back-walls, 
and the ends are skewed angle 37°, the steel bents being 
approximately the same angle. The steelwork was furnished the 
Pennsylvania Steel Company, and the concrete floor was built the 
Snare and Triest Company, which, sub-contractor for the 
vania Steel Company, also erected the steel. 
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The design and construction are similar that the longer 
viaduct Thomson Avenue, described some detail the paper 
Mr. Barker, that only one feature, rather unusual one plate- 


girder construction, will mentioned. the northerly span, No. 


only ft. was available for depth girder, and Span No. only 
ft. in., while Span No. being over the approach Tunnel per- 
mitted much deeper girder. Advantage was taken this condition 
cantilevering the girders Span No. ft. beyond the center 
line the first column bent and ft. beyond the second column bent, 
thus reducing the spans the first and third girders ft. and 
ft. in., respectively, shown Fig. Plate CXLV. 


SUPERSTRUCTURE OVERHEAD FREIGHT 


The steel superstructure the overhead bridges for Tracks 


and was designed carry the live loads defined the Standard 


Specifications for Steel Railroad Bridges issued the Pennsylvania 
Railroad Company. This consists two consolidation engines fol- 
lowed uniformly-distributed train load 5000 Ib. per lin. ft. 
track. 

The double-track deck structure carrying Lines and 
The tracks are ft. from center center, and the rein- 
forced concrete floor, being ft. wide, serves, not only support 
for the ballast and tracks, but also protection trains passing 
underneath. 

The area under the bridge practically covered the invert 
approaches the tunnels and surface tracks parallel them, which 
necessitated constructing all supports for the bridge likewise parallel 
and therefore varying and, toward the northerly end the bridge, 
very acute angles with the center line. Bracing was prevented, 
the head-room was limited. 

The bridge composed thirteen spans, and divided into nine 
practically independent structures expansion joints. The making 
each structure stable lines perpendicular the supporting piers 
required rather unusual treatment. The first three sections are com- 
posed simple beams resting one end the abutment and the 
other supported pier full height, which, account the acute 
angle mentioned above, was 234 ft. length. This pier also carried 
one end and gave lateral support sections four and five. The 
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southerly end the bridge likewise supported and anchored 
pier full height, which gives ample stiffness the ninth section. 
The intermediate four sections are supported steel columns, but 
stiffness obtained double bents, and ft. apart, respectively, 
two points, where the spacing the tracks permits, which, being 
securely interbraced, form towers, shown Fig. Plate CXLV. 

Spans Nos. and the steelwork entirely embedded con- 
crete, they cover tracks which will operated steam locomotives, 
while the remainder the steel, being over electrically-operated tracks, 
unprotected, the concrete floor being nearly slab. 

proportioning the material for the reinforced concrete floor, the 
extreme stress concrete compression was calculated not exceed 
500 per sq. in., the shearing stress concrete, lb. per sq. in., and 
the tensile stress the steel, per sq. in. 

The steelwork was furnished and erected the McClintic-Marshall 
Construction Company, and the concrete floor and protection the 
Wilson and English Construction Company. 


The finished surface between Hunter’s Point and Thomson Avenues 
much the form dish, the grade dropping from both avenues 
toward the center, and both Meadow Street and the ground north 
the yard being above the level the tracks, the lowest which, the 
vicinity Davis and Pierson Streets, are but 5.2 ft. above mean high 
tide, with the sub-grade ft. lower. 

The city sewers the vicinity are small and few, and too high 
for any this area, making private system necessary. The 
most available outlet was the turning basin built the head 
Dutch Kills Creek the Degnon Realty and Terminal Improvement 
Company, and, the only approach that basin was over the prop- 
erty the Realty Company, arrangements were made with them 
construct 4-ft. cast-iron outlet sewer from the Railroad Com- 
panies’ property the northerly side Meadow Street the basin. 
The remainder the system was constructed, under 
Naughton Company and Arthur The layout 
shown Fig. 11. 

The top the intrados the outlet was located Elevation 300, 
mean high tide, and the hydraulic gradient for that stage the 
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tide throughout. The sizes were fixed for full pipe that stage, 
with run-off in. per hour from the concrete inverts and in. 
per hour from the remainder the area drained. was recognized that 
the latter run-off large for railroad yard, but the grades were 
flat and the ditch room limited, was necessary place catch-basins 
frequent intervals over most the area. was impossible 
locate surface ditches over considerable portion the area, and, 
therefore, sub-soil drains were laid, shown Fig. 11, the lower 
half each joint the pipe being left open, the upper half cemented, 
and the stone covering carried the surface, being intended that 
the drains should act conduits for surface-water rather than perform 
the usual functions sub-soil drains. Both the sub-soil drains and 
ditches empty into catch-basins having their bottoms well below the 
outlet the sewer. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
THE SUNNYSIDE YARD. 


One the sections the East River Division the New York 
Tunnel Extension the Pennsylvania Railroad called The Sunny- 
side Yard. the terminal passenger yard that railroad New 
York City, and located Long Island City, Borough Queens, 
about 3.5 miles from the Terminal Station and 1.6 miles eastward 
from the East River. The name Sunnyside derived from the local 
name the neighborhood. The Sunnyside Yard Section extends from 
ft. west Thomson Avenue the east side Woodside Avenue, 
distance 500 ft., has maximum width ft., and embraces 
208 acres. 

This paper gives description the general plan the Yard, 


together with some the special features its design and 
construction. 


GENERAL 
The general plan The Sunnyside Yard, Plate CXLVI, was 
prepared committee appointed for that purpose. June 15th, 
1906, was submitted the Board Estimate and Apportionment 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 


Res. Engr., The Sunnyside Yard, Pennsylvania Tunnel and Terminal Co. 
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the City New York, with application for the required change 
the map the City and the necessary permission proceed with 
the work construction. resolution that Board, February 
15th, 1907, the proposed changes the City map were authorized, and 
after the execution agreement, between the City New York, 
the Pennsylvania, New York, and Long Island Railroad (now called 
the Pennsylvania Tunnel and Terminal Railroad), and the Long 
Island Railroad, dated June 21st, 1907, the plan was approved the 
Mayor. 

This agreement, part, called for the following: The vacation 
all parts streets, Plate CXLVII; the opening portions 
streets; the changing the grades streets; the construction 
highway bridges, overhead (Van Alst Avenue, Hunter’s Point 
Avenue, Thomson Avenue, Bridge Approach, Honeywell Street, and 
Harold Avenue), undergrade (Laurel Hill Avenue, and Gosman 
and railroad bridges. 

Sunnyside Yard, which exclusively for passenger equipment, 
divided into two separate yards, called “North Yard” and “South 
Yard.” the “North Yard” will stored cars the multiple-unit 
type used connection with the suburban traffic; the “South Yard” 
will used for storage, cleaning, and repairing Pullman cars, dining 
cars, and coaches. Between these two yards are located the necessary 
store, supply, and other yard buildings, together with sub-station and 
boiler-house. driveway provided from Honeywell Street and 
stairway from the Bridge Approach Viaduct leading these 
buildings. 

important feature the plan the Yard loop its 
east rear end around which all empty trains will pass before entering 
it. This turning movement the entire train passing around 
this loop will avoid the necessity, existing the present terminal 
Jersey City, uncoupling “observation” other special cars, and 
turning one car time turn-table, which, together with the 
movement required through the crowded yard, makes very slow 
and expensive operation. 

arranged that the empty trains will enter one end and 
leave from the other end the Yard, thereby avoiding conflicting 
movements and delay incident any yard haying the entrance and 
exit the same end The shifting movements the trains found 
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necessary after being placed the Yard will made its east end, 
where four simultaneous movements may take place tail-tracks pro- 
vided for that purpose. This will leave the west end the Yard 
free for the more important movements the departing trains 
empty cars the New York Passenger Station. order avoid 
delay due conflict movements, further provided that all 
cases the main tracks pass over the yard tracks bridges. 

the plans Sunnyside Yard well the work con- 
struction throughout it, the possible future building two additional 
lines, “E” and “F,” leading from two tunnels under the East River 
connecting with 31st Street, Manhattan, has been kept view, 
together with possible future extension the Yard near Harold 
Avenue shown dotted lines Plate CXLVI. 

The capacity the completed Yard will follows: 


North Yard.—42 tracks, multiple-unit cars ft. long.. 526 cars. 
South Yard.—45 tracks, Pullman cars and coaches ft. 
long, with one electric locomotive ft. long 


South Yard (dotted addition).—32 tracks, 50% 80-ft. 


Originally, swamp acres extended from the present location 
Honeywell Street and Jackson Avenue Thomson Avenue, and 
comprised portion the required Yard area; the remaining 168 acres 
within that area was rolling ground from ft. above the swamp. 
Upon this high ground there were 246 buildings all kinds, 
these were purchased and torn down removed. view the 
swamp the early stages the work shown Fig. Plate 
CXLVIII. vegetable growth, the nature peat, from ft. 
thickness, formed the surface the swamp, except the bed 
Dutch Kills Creek; beneath this there was layer mud, and 
the bed the stream blue-black clay the consistency putty. 
this muck and clay would move under the pressure the filling 
over it, and produce waves considerable height, was specified 
the contract that blanket earth about ft. thick should first 
placed over this part the Yard area, order prevent this wave 
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formation. This proved efficacious, except one two places, where, 
owing unusual depth filling, the wave formation broke through 
this covering and rose such height require excavation 
the peat, muck, and mud, order secure proper track foundations. 
the bed Meadow Street, where the embankment was very high, 
the crest one the mud waves rose elevation ft. above 
the swamp. This mud wave shown Fig. Plate CXLVIII. 

Plate CXLVII, shows the contours the Yard site December. 
1906, before any work was begun, and also the location and extent 
the swamp, and the location the streets and railroad tracks that 
time. The elevations the contour and other maps and plans 
attached this paper have reference datum elevation 300, 
corresponding the plane reference, the Rapid 
Transit Commission New York City. 


system co-ordinates, with origin the corner First Avenue 
and 34th Street, Manhattan, had been established connection with the 
East River tunnel work, and was thought desirable that this same 
system extended embrace all the Sunnyside Yard area. that 
end very accurate measurements, with standardized steel tapes, with 
fixed pull, and allowances for temperature and inclinations 
the tape, were made night from one the established monu- 
ments the tunnel survey line, thence along Jackson Avenue for 
141.273 ft. point Woodside Avenue, with check measure- 
ments, using different tape, back along the same line the starting 
point. each angle point cemented iron-pipe monument was 
placed, and the angles were carefully read with 10” instrument, 
with from repetitions. From the Woodside Avenue monument 
working base line, 360.820 ft. long, was then established through 
the central part the Yard. Owing the houses obstructing the 
base line, and the difficulty measuring over the swampy area and 
Dutch Kills Creek, points along the base line and the south side 
the Yard were determined triangulation from the monumented 
line Jackson Avenue. Using the co-ordinate system, equations were 
determined for the base line, bridge and street center lines, and for 
the principal track-tangents and curves, and proved great value. 
The monumented line, base line, triangulation system, and co-ordinate 
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system are shown Plate CXLVII. every 500-ft. point along 
the base line large stake was placed; smaller intermediate 100-ft. 
stakes were set between them, and all were painted white. order 
avoid mistakes identifying these smaller stakes, owing the great 
number stakes throughout the Yard, the corners their square 
tops were cut shown Fig. namely, one corner cut 100 ft., 
two corners cut 200 ft., ete. 


Excavation was begun December, 1906, and amounted about 
3000000 cu. yd. Notwithstanding the great amount filling over 
the swamp and low ground, there was excess excavated material. 
Part this excess was used the Long Island Railroad new con- 
struction work near-by points and part the Degnon Realty and 
Terminal Improvement Company filling some the swampy part 
its property. The excavation consisted entirely sand and gravel, 
with varying amounts glacial deposit water-worn gneiss, sand- 
stone, and trap boulders. boulders, while numerous and some- 
what troublesome places, formed the whole smaller portion 
the excavation than was anticipated from surface indications. Nearly 
all that were suitable were broken and used the concrete masonry. 
The only bed-rock exposures were the bed Dutch Kills Creek 
near the south abutment Thomson Avenue Bridge and near Orchard 
Street, south the Long Island Railroad tracks, but rock excava- 
tion was found necessary except the south abutment, and Piers 
Nos. and Thomson Avenue Bridge, and for the sewer under 
the Long Island freight tracks the north side the Yard opposite 
Buckley Street. Under the swamp, the bed-rock was generally from 
ft. below the surface. This depth was ascertained from wash- 
borings and the length the piles used, abundance clean, 
sharp, and reddish-colored sand was found the general excavation 
throughout the Yard. This sand, when tested with cement, gave 
stronger mortar than the Hempstead Harbor sand (the New York 
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City standard sand) and, therefore, was used all bridge and sewer 
work. constructing the sewer along the north side the Yard 
between Moore and Buckley Streets, very fine, whitish, quicksand 
was encountered, and gave considerable trouble. This sand was fine 
that 70% would pass through No. 200 sieve. 

Figs. and Plate CXLIX, and Fig. Plate CL, show the depth 
excavation and the character the materials different parts 
the Yard. 

Water very large quantities was encountered almost all exca- 
vations for masonry foundations westward from Laurel Hill Avenue, 
and some foundations became necessary pump much 
400 gal. per min. This ground-water stood Elevation 324 Laurel 
Hill Avenue, sloping gradually 310 the high ground near the 
swamp. Over the swamp area the water elevation was about 300. 

The Degnon Realty and Terminal Improvement Company, New 
York City, was the contractor for the excavation, and for the bridge 
and sewer masonry. the work excavation the contractor’s plant 
varied: its maximum consisted Bucyrus and Thew steam 
shovels, narrow-gauge locomotives, 150 4-yd. dump-cars, and about 
miles track. The maximum excavation for one shovel for one 
10-hour day was 3500 yd., April, 1908. The maximum excava- 
tion for one shovel for one month was 615 cu. yd., January, 1909. 


Owing the lighting the work properly, but little shovel 
excavation was done after dark. 


Masonry. 


All masonry concrete except the buildings above the founda- 
tions and sewer manholes, where brick was used. The concrete 
the bridge piers, abutments, and retaining walls was composed 
part cement, parts sand, and parts broken stone. sewers the 
proportion was 1:24:5, and bridge floors, 1:2:4. The size 
stone used the first case was between and in., the second 
ring measurement. 

Where concrete masonry exceeded ft. thickness, the use 
large stones was permitted 25% the total volume the 
masonry. The stones were placed least in. apart every point 
and not nearer than in. the faces the masonry. 
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Four Ransome concrete mixers were used the general contract 
work. Three these mixers were placed the crusher plant near 
Honeywell Street. This crusher plant, Fig. Plate CL, contained one 
No. and one No. Gate’s crushers, together with stone- and sand- 
hoisting belts and the necessary storage bins. From these mixers 
points within about 3000 ft., the concrete was transported 1-yd., 
square-bottom dump-buckets placed narrow-gauge cars and hauled 
narrow-gauge locomotives. For distances greater than 3000 ft., 
mixer was erected the site the work, was found that after 
hauling about that distance the mixture began separate. order 
secure uniform finish, the exposed faces the concrete masonry, 
general rule, had facing mortar in, thick deposited simul- 
taneously with the concrete and separated from metal diaphragms 
which were removed immediately, and the excess mortar was spaded 
into the concrete. Above the foundations the abutment and pier 
masonry, the concrete was laid continuously completion. this 
method, not only perfect monolithic structure was obtained, but the 
formation all unsightly joints between the different days’ work 
was prevented. Expansion joints were placed about ft. apart all 
abutments and piers above the foundations. 

Only reinforcing rods the twisted, square section were placed 
the floors the bridges and buildings, but the bridge masonry, 
sewers, pipe tunnels, and pipe trenches, both twisted and corrugated 
bars, and expanded metal were used. 

Plates CLI, CLII, CLIII, and Fig. Plate CLIV, show various 
pieces masonry different stages construction. 


The highway bridges crossing over the Yard are all the deck 
plate-girder type. They were made conform the layout the 
tracks the Yard, and, therefore, required great diversity lengths 
spans and irregularity pier alignment. order secure 
minimum clearance ft. above the top rails, was necessary 
several cases introduce girders shallow depth. Between the 
abutments the girders are supported steel columns resting and 
anchored concrete piers. The columns are H-section 
composed four angles and two channels, and where they are adjacent 
running tracks, they have concrete protection for about ft. above 
the rails. 
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The flange stress the girders was calculated not exceed 
000 per sq. in., allowance being made for impact. The web 
plates are generally in. thick, except where heavier metal was required 
give sufficient bearing area for rivets. Expansion joints (cross- 
sections which are shown Fig. 2), are provided intervals 
about 150 ft. Provision has been made for double-track street-car lines 
all bridges, but the rails are not yet laid. typical panel hand- 
railing shown Fig. 

some cases where bridges pass over freight tracks which will 
operated for time steam locomotives, number the girders 
are encased concrete prevent destructive smoke action. 


Asphalt Block Pavi Hydrolithic 
Cement Water-proofing 


Reinforced 
Concrete Floor 


SECTION ROADWAY SECTION UNDER CAR TRACK 


TYPICAL EXPANSION JOINTS FOR HIGHWAY BRIDGES 


Reinforced concrete floors have been used all bridges. 

proportioning the materials for the floors highway bridges, 
concentrated wheel load 12000 lb. was assumed distributed 
over length floor slab equal one-third the span from center 


center the girder, plus additional length equal the thickness 
the slab. 


The extreme fiber stress concrete compression was assumed 
not exceed 500 per sq. in., and the shearing stress per 


sq. in. The tensile stress allowed the reinforcing steel rods was 
000 per sq. in. 
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insure the longitudinal distribution the load assumed, and 
guard against shrinkage cracks, longitudinal reinforcing rods were 
used having aggregate net section equal 50% the aggregate 
net section the transverse reinforcement. 

Within hours after the floor was placed the driveway 
portion these bridges, covering water-proof 
cement was spread over them, and granolithic finish, in. thick, was 
placed the sidewalks. Asphalt paving blocks, in. thick, were laid 
the driveway in. 1:3 cement and sand mixed with small 
proportion water. 

Fig. shows typical cross-sections the highway bridges. 

Thomson Avenue masonry this bridge piles, 
with the exception the south abutment, Pier No. 13, and part 
Pier No. 12, which are rock, and small part the north approach 
wall which earth foundation. Batter piles were used under the 
north abutment and the high retaining walls the north approach. 
city water pipe, in. diameter, had been placed Thomson 
Avenue prior the inception the Tunnel Company’s work. Where 
crossed the pier sites was built into the masonry. The danger 
breaking, due the weight the embankment built over it, 
made necessary replace the pipe new one carried the 
bridge superstructure. the request the City, 20-in. pipe was put 
in. the depth the girders several spans was not sufficient 
provide for suspending this pipe below the floor satisfactory 
manner, was decided let rest the deck the bridge and 
occupy part the sidewalk. order overcome the effect due 
the bridge expansion the pipe laid directly the bridge, and 
avoid the use expansion pipe-joints, the pipe was suspended saddle 
supports, shown Fig. which has proved satisfactory solution 
the difficulty. 

Bridge Approach Viaduct.—All the masonry this bridge 
piles, except the south abutment, which filled sand foundations. 
number the girders were insufficient depth carry the city 
water pipes below the floor, width ft. in. was added both 
sides the bridge, outside the hand-rail, for that purpose. 

Honeywell Street and Harold Avenue piers and abut- 
ments these bridges are sand and gravel foundations without 
piles. 12-in. water pipe supported strap-hangers 
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beneath the sidewalk, shown the cross-section Honeywell Street 
Bridge, Fig. are sufficiently flexible allow considerable 
movement the bridge the expansion joints without affecting the 
pipe. the case Honeywell Street Bridge, however, which 
1574 ft. long, two expansion pipe-joints were introduced. 

Longitudinal elevations the Bridge Approach Viaduct and Honey- 


well Street Bridge, together with cross-sections the Yard are shown 
Plate CLV. 


Grooved Lagging 


SADDLE SUPPORT 
FOR 20-IN. WATER MAIN 
THOMSON AVENUE 


SIDE VIEW 
SUPPORT 


Railroad bridges girder type for eight tracks were constructed 
over Gosman Avenue and Laurel Hill Avenue, and also over the four 
loop tracks. Four bridges, designated Nos. and for 
carrying railroad tracks over railroad tracks, were also constructed 
various places the Yard. All these railroad bridges have reinforced 
concrete floors, and are water-proofed with seven coats pitch and six 
layers felt, protected one course brick laid cement. Fig. 
Plate CLIV, Plate CLVI, and Fig. Plate CLVII, show some the 
highway and railroad bridges under construction. The general dimen- 
sions, and the quantities materials used the construction, each 
highway and railroad bridge, are given Tables and 
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TABLE 1.—HIGHWAY 


MATERIALS. 


BRIDGES OVER SUNNYSIDE YARD: DIMENSIONS AND QUANTITIES 


Name bridge. 


Bridge approach.... 


Honeywell 
Driveway 


Harold Ave. north.. 


er- 


Ss. 


rotective 


yards. 


feet. 
pounds. 
Steel reinforcing bars 
substructure, 
pounds. 
cubic yards. 
Total concrete, cubic 
yards. 
Piles, total length, 
feet. 


Length, feet. 
ture, cubic yards. 


Number spans. 
floor, pounds. 
protective piers, 
Concrete floor, 


Roadway, width feet. 
Concrete substruc- 


Steel reinforcing bars 
Steel reinforcing bars 
Total steel, pound 


Concrete 
piers, 


Sidewalks, width feet. 
Total width bridge, 

structure, poun 


602 816) 041 


| | 


Contractors for super- 
structures. 


Pennsylvania Steel Com- 


pany. 
Con- 


Bridge Com- 
pany. 

Lewis Shoemaker 
and Company. 
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2.—ERECTING SUPERSTRUCTURE, HONEYWELL 
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Piles, total length, feet. 


Contractors 
for 
superstructures. 


ds. 
yards. 


poun 
piers, 
cubic 


Number spans. 
Number tracks. 
Structural steel 
superstructure, 
floors, pounds. 
Concrete floor, 
yards. 
Concrete protective 
piers, cubic yards. 
cubic yards. 
Total concrete, 


rt 
re 


Steel reinforcing bars 
Steel reinforcing bar 
Steel reinforcing bars 
substructure, pounds. 
Concrete substructure, 


Maximum length, feet. 
protectiv 


| 


struction Company. 
Company. 


| 
| 


| 


| 


Laurel 
AVC, 


108.5 005 796 


struction Company. 


Deck girders, 


Gosman Ave. half-through 
girders...... 


Note.—Quantities materials shown for Bridge No. are approximate. 
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TRACKS. 


the final plan the tracks between Thomson Avenue and Wood- 
side Avenue, exclusive the Yard addition shown dotted lines, and 
the Long Island Railroad freight tracks north the Yard, there are: 


13.56 miles main tracks. 
39.62 miles yard and yard-running tracks. 


53.18 total miles tracks. 


285 No. frogs. 
No. frogs. 
No. frogs. 
No. frogs. 
double slip. 


The main tracks and loop tracks are laid with 100-lb. rails sup- 
ported oak ties, with tie-plates. The yard and yard-running tracks 
are laid with 85-lb. rails yellow pine ties, with tie-plates. All tracks 
throughout the Yard have additional third-rail for supplying electric 
motive power. 

interlocking system has been installed 
four points, and the necessary signal cabins and signals have been 

order accommodate the necessary stores and plant required 
for the Yard, the following buildings have been erected under contract 
with the John Ferguson Company, Paterson, J.: 


Stores and Commissary Building.......258 ft. ft. 
Stores and Lavatory Building..........162 ft. ft. 


Battery-Repair Building ............... 103 ft. ft. 
Boiler-House and Sub-station..........233 ft. 
Machine and Smith Shop............... ft. ft. 
Inspection-Pit 100 ft. ft. 


One Signal Cabin and Yard Building... ft. ft. 
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All these buildings have steel frames and roofs, and brick walls, 
except that the Inspection Building and the Machine and Smith Shop 
have plaster walls, and the Carpet Shed and the Inspection-Pit Shed 
have corrugated-iron sides. All buildings have concrete foundations. 

The portion the Stores and Commissary Building located over 
the swamp supported Chenoweth concrete piles, made rolling 
woven wire small mesh, reinforcing rods, and very dry concrete into 
about in. diameter. double water-jet and pile- 
driver with cushioned hammer weighing 600 lb. and having maxi- 
mum fall ft., were used driving these piles. Two the Signal 
Cabins are supported wooden piles. 

brick-lined, steel stack, 200 ft. high, ft. in. the bottom 
and ft. in. the top (outside diameter), has been erected the 
Boiler-House. Steel Umbrella Sheds, ft. wide and having aggre- 
gate length 2798 ft., have been erected between the tracks adjacent 
the buildings. Fig. Plate CLVII, view the buildings 
constructed. 

SEWERS. 

The slope and shape the Yard caused the surface drainage 
flow toward the tunnel portals, and was necessary intercept 
adequate sewerage system before reached these points. Two 
places discharge have been used, and two sewer systems con- 
structed: One system, receiving nothing but surface drainage, empties 
into Dutch Kills Creek, the other, receiving both house sewage and 
surface drainage, empties into the Webster Avenue sewer system 
Payntar Avenue and Jackson Avenue. some low parts the Yard 
open sub-surface tile drains were used. far practicable, sewers 
were located avoid the use piles, but, across the swamp, 
both the concrete and iron-pipe sewers (except some small section), 
are thus supported. When close proximity to, directly under, 
railroad tracks, the concrete sewers were increased strength 
additional reinforcement. largest sewer square section, 
ft. in. ft. in., Fig. Plate and Fig. 

Fig. shows plans and sections sewers. 


Water 


supply the great quantity water required for the power-station 
and for Yard use, number wells, about ft. square, from 
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ft. deep (equal from ft. below the original surface the 
ground), were sunk through the sand and gravel different parts 
the Yard, and them continuously, night and day, 
for one week, their the quality the water were ascer- 
tained. The results having proved satisfactory both respects, 
was decided use the water from one the wells near Harold Avenue 
for all purposes the Company Long Island City. This well 
ft. in. diameter, and lined with reinforced concrete, ft. 
thick, resting short piles driven below the bottom the well. 
test indicated that its maximum capacity was about 800000 gal. per 


day. The pump will placed the Boiler-House, ft. from 
the well. 


Alternate Rods to be Bent as shown by dotted Lines 


Standard Section Line 


SECTION CONCRETE SEWER PILES 


TUNNEL AND TRENCHES. 


account the great number water, steam, gas, and air pipes 
throughout the Yard, they have been placed concrete trenches 
that they can reached without difficulty for alteration repair. 
For this purpose concrete pipe tunnel, ft. in. ft. in., and 
603 ft. long (Fig. 8), leading from the Boiler-House and crossing the 
Yard right angles the line tracks, and thirteen concrete pipe 
trenches, ft. clear width, varying depth, and total length 
12325 ft., connecting with the tunnel and running parallel with 
and between every other track, have been constructed. Embedded 
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Paynter Ave. Sewer 


JUNCTION CHAMBER 
JACKSON AND PAYNTAR AVENUES 


SHOWING CONNECTION BETWEEN 12 FT.CITY SEWER ON PAYNTAR AVE., 
934 FT. SUNNYSIDE YARD SEWER AND 5 FT. JACKSON AVE. SEWER, 


Cover to be Reinforced below I-beams with 

Expanded Metal, 3'Meeh No.10 Gauge at 0.90 lb. per sq.ft, 
placed with long way of Mesh in Longitudinal direction 
Longitudinal Lap Metal Securely 
‘Wired to the I-beams 
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both sides these trenches there are two and one 2-in. lines 
fiber conduit for carrying wires. Fig. Plate CLVIII, shows these 
pipe trenches before the 4-in. plank covering had been put place. 

The total quantity cement used all the work June 
1910, was follows: 


Alsen (American) ........ 


: \ 14’Suction to Pumps 


Drain PIPE TUNNEL 
SECTION LOOKING SOUTH 


The entire Yard area will enclosed iron picket fence, ft. 
high, with 3-in. posts set concrete bases. 

electrically-operated turn-table, 100 ft. diameter, with con- 
walls, has been built the east end the Yard. 

The Sunnyside Yard was section the East River Division the 
Tunnel Extension, and its construction was charge Alfred Noble, 
Past-President, Am. E., Chief Engineer from the beginning 
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the work the time his resignation, December 31st, 1909. 
Since that date George Gibbs, Am. Soc. E., Chief Engineer 
Traction and Station Construction, has had charge the 
completion this, well all other work connection with the 
Yard. 

Green, Assoc. Am. Soc. E., Designing Engineer the 
office the Chief Engineer, has furnished the information herein 


relative the design the bridges, and the loads and stresses assumed 
and used their calculations. 
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The four shafts this paper were intended, not only 
facilitate the construction the tunnels, but serve various purposes 
after their completion. the latter that this paper treats. 

The locations the shafts are shown Plates and XIV* 
(accompanying the paper Alfred Noble, Past-President, Am. Soe. 
will seen that the shafts, being placed near the shore 
each side the river, divide the length the tunnels into three por- 
tions: The first portion extends from the station Seventh Avenue, 
under Manhattan Island, the East River, the second lies 
wholly under the river, and the third extends from the river bank east- 
ward under Long Island the portals. This arrangement shafts 
was advantageous for construction purposes. possesses also some 
advantages from the point view the operation the tunnels. 

these shafts, used during the construction 
the tunnels, given the papert Messrs. James Brace, Francis 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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Transactions, Am. E., Vol. 419. 


No. 


PLATE CLIX. 
PAPERS, AM. SOC. 
AUGUST, 1910. 
GREEN 
PENN. TUNNELS: 
SHAFT LINING, EAST RIVER DIVISION. 


Wa 


an 


of 
ac 

p 
p 
a 


TUNNELS: PERMANENT SHAFT LINING 1171 


Mason, and Woodard, Members, Am. Soc. The work herein 
described was carried out after the completion the tunnels. 

During the operation the tunnels the shafts will required 
pertorm the following functions: 

promote ventilation, 

provide access and egress from the tunnels, 

permit electrical connections, 

provide for pump discharge. 

‘The permanent lining each shaft was designed retain the sides 
the shaft and such form meet the requirements the 
four functions mentioned above. 

Ventilation promoted the piston action the moving trains. 
When train enters the tunnel plenum produced front the 
moving train. This region plenum extends for great distance 
advance, fact the nearest shaft portal. each shaft vertical 
plenum produced the tunnel the entrance train, strong 
upward air may observed the shaft. This continues 
while the train approaching the shaft. condition partial 
vacuum exists the tunnel the rear departing train. soon 
train has passed the shaft the current air the shaft 
reversed. Fresh air continues blow down the shaft until the train 
emerges from the tunnel portal, until passes another shaft. 

Vertical openings have been provided the shaft lining serve 
ducts for the mechanical injection fresh air. This delivered into 
the tunnels through nozzles which have been constructed the sides 
the tunnels where they pass out the shafts. The nozzles are 
pointed the direction movement the train, that is, they are 
pointed eastward tunnels used for east-bound traffic and westward 
tunnels used for west-bound traffic. 

Access and egress from the tunnels provided for three 
spiral stairways each shaft. There bench each side each 
the two tunnels that pass through shaft. desirable gain 
access any bench without crossing track. this reason, 
each shaft, one stairway was provided the north bench the north 
tunnel, one the south bench the south tunnel, and one serve 
the adjacent benches the two tunnels. 


Wrought-iron pipes, in. diameter, for electric conduits, were 
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embedded the concrete the shaft lining vertical position. 
each shaft they were arranged four groups, two for power tables 
and two for telephone and -telegraph cables. The pipes for power 
cables were separated into sections pockets left the concrete, 
where provision was made for supporting the cables, thus reducing 
the weight the cable suspended from the top. Wrought-iron pipes, 
in. diameter, were embedded the concrete serve conduits 
for lighting and signal wires. 

Water seeping into the tunnels, from the Station the East River 
and from those under Long Island, runs down grade the shafts, 
where collected sumps under the tracks. Fron the sumps 
pumped the tops the shafts through discharge pipes 
embedded the lining. The pumps are pump-chambers 
formed the concrete between the tunnels shown Fig. 

The lining, retainer the sides the shaft, 
illustrated Fig. This sectional plan the South Manhattan 
shaft taken point few feet above the tunnel ioof. The 
fresh-air nozzles are shown Fig. the Long Island shafts, 
the were sunk point below the tunnels, while, the 
Manhattan shafts the caissons were stopped rock above the tun- 
nel roof. These different types construction are shown Figs. 
and the Long Island shafts, the inner shell the caissons 
forms the water-proofing surface; the Manhattan shafts, was 
provide water-proofing below the caissons. With this 
end view, wall was built against the rock. When this 
had set, the forms were removed and the surface was plastered smooth 
with cement mortar. the surface thus prepared, felt and pitch 
water-proofing was placed, six layers felt and seven pitch. Against 
the felt and pitch water-proofing the concrete the shaft lining was 
deposited. This was required such strength that could 
safely withstand the pressure water the outside the water- 
proofing, which, the maximum depth, probably not greater than 
lb. per sq. in. 

Some interesting problems arose connection with the prepara- 
tions for, and the construction of, the wall upon which the 
felt and pitch water-proofing was placed. was necessary that 
this wall should dry before any hot pitch was placed upon it. Water 
was issuing from fissures the rock several points. these 
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fissures, vertical tile drains were built against the rock, and short 
piece pipe was run out horizontally from the base each vertical 
drain discharge the water beyond the face the wall. corrugated- 
iron roof was built over the location the wall, shed the water that 
dripped from above. After the concrete had been deposited and the 
forms had been stripped off, the felt and pitch water-proofing was 
placed, excepting over the small openings where the horizontal pipes 
issued from the wall. The water was allowed run from these pipes, 
thus relieving the pressure the back the water-proofing, until 
everything was readiness for depositing the concrete for the shaft 
lining. Then the pipes were plugged and patches felt and pitch 
water-proofing were put over the holes, and the same time the 
vertical pipes were poured full pitch from above. The fresh 
concrete was deposited against the water-proofing rapidly practi- 
cable, counteract the tendency the water accumulate 
outside and force the felt and pitch inward. 

the east face the South Manhattan shaft, when making 
preparations place the felt and pitch water-proofing, became 
necessary drain away water that was running down over the face 
the wall from the exposed rock above. accomplish this, drain 
was constructed the face the wall near its top. This consisted 
strip tin set ridge plaster Paris stuck the face 
the wall. The drain was nearly horizontal, but had grade downward 
the south. answered the purpose very well, allowing the wall 
dry out below the drain. This type drain was found useful many 
points. could applied quickly and small cost. 

The concrete lining had been placed the iron-lined tunnels 
east the Long Island shafts previous the time when the design 
for the ventilating apparatus was determined upon. Therefore 
became necessary remove sufficient quantity the sides the 
arches, the two tunnels used for east-bound traffic, provide 
space for the fresh-air nozzles. 

was considered unwise use explosives this work, account 
the danger breaking the cast-iron segments. 

experiment was found that the concrete could broken out 
fragments the following process: Holes were drilled the con- 
crete, about in. apart horizontal line, and perpendicular the 
face. Parallel the first row and about in. above it, another row 
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holes was drilled, the holes being pointed downward angle 
about degrees. Steel wedges were driven into the upper holes, 
and resulted breaking out wedge-shaped pieces concrete. 
Another row inclined holes was drilled about in. above the second 
row. Steel wedges driven into the holes this row broke out other 
fragments concrete. This process was continued until the space for 
the nozzle was roughened out approximately its final dimensions. 
was then finished nearly its final form chisels operated air 
hammers, and smoothed with stone-axe operated hand. 

each tube this work required the removal about cu. yd. 
material. The cost this removal was about $72.50 per cu. yd., 
the work finishing the surface. The surface dressed was 
515 sq. ft. The average depth cutting was about in. The cost was 
about per sq. ft. surface dressed, including the removal 
material. 

The construction herein was done under contract 
Fraser, Brace, and Company, which both the President, Charles 
Fraser, and the Secretary, James Brace, are Members the 
American Society Civil Engineers. Work was started September 
27th, 1909. 

The contractor’s plant consisted derricks, boilers, hoisting en- 
gines, narrow-gauge track, small dump-cars, rotary mixers, cement 
sheds, and other apparatus the usual type. 

Forms for splicing chambers, air-nozzles, and other parts were built 
sections the surface and lowered position the shafts. 

Figs. and Plate CLIX, show some these forms process 
construction. Fig. Plate CLIX, view the tunnel end 
the form for the fresh-air ducts. The inner arch form has the dimen- 
sions the intrados the standard single-track tunnel under Man- 
hattan. The outer arched form for the outside the air-nozzle. 
(See Fig. Plate CLX.) The space between the area available 
for the jet air. The upper part this form mould the base 
the air ducts. Fig. Plate CLIX, view the shaft end 
the same form. When this form was placed position the shaft, 
the lagging the semicircular arch was replaced the steel 
plates the nozzles, forming complete steel arch the base the 
air-ducts, shown the background Fig. Plate CLX. will 
seen that the fresh air, arriving the top the tunnel its 
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way down the shaft, separated into two streams, one going into the 
nozzle the north side the tunnel and the other into the nozzle 
the south side. Fig. Plate CLIX, view the fresh-air duct 
the roof the tunnel. 

Fig. Plate CLX, shows the forms used constructing the open 
wall, ft. diameter. The form here shown was ft. deep. was 
set higher elevation for each additional section concrete. 
this view near the top the North Manhattan shaft. 

The concrete the lower portions the shaft lining was mixed 
the proportions part cement, parts sand, and parts stone. 

The sand and stone were measured steel dump-car. parti- 
tion was constructed across the hopper, dividing into two portions, 
one containing 6.55 cu. ft. and the other 13.10 cu. ft. Three bags, 
285 cement were used with each car sand and stone. 

The concrete the upper portions the shaft lining (above 
horizontal plane ft. above the tunnel roof) was mixed the propor- 
tions part cement parts sand, and parts stone. Each batch 
contained 7.86 cu. ft. sand, 15.72 cu. ft. stone, and three bags, 
285 cement. portion this concrete was mixed 4-bag 
batches, each batch containing 10.5 cu. ft. sand, 21.0 ft. stone, 
and four bags, 380 lb., cement. 

Fresh-air nozzles were constructed the tunnels immediately west 
the Manhattan shafts, Lines and The tunnels were exca- 
vated full section rock. The roofs were then constructed 
shown Fig. fresh-air nozzles, being formed the side-walls 
the arch, cut away the skewback and haunches the arches such 
extent that was deemed wise reinforce the concrete arch with 
steel ribs built plates and angles. These are shown Fig. 

The interior the concrete arch was thoroughly water-proofed 
with water-proofing. addition this, copper drain- 
pipes, in. diameter, were placed the positions shown the 
plans, the inlet end each copper pipe being chamber, with brick 
walls built against the rock points where running water was found. 
The chamber was filled with broken stone. one point where running 
water was encountered the roof, drain was constructed hanging 
sheets corrugated iron against the rock surface and training them 
run the water into the rock-packed chamber. The sheets 
corrugated iron were clamped securely the rock anchor-bolts set 
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holes drilled the rock. The corrugation formed the channels 
for conveying the water. The sides and ends the corrugated-iron 
drain were thoroughly and carefully sealed with Portland cement 
mortar prevent any grout from entering the drain while the 
concrete was being placed. The measures taken drain away the 
water from the wet spots the rock appear have been adequate, 
water flowing from the lower ends the copper pipes, and 
moisture seen these points the tunnel roof. 

the east end the Manhattan shaft the felt and pitch water- 
proofing the shaft was connected the cast-iron tunnel lining 
make the water-proofing surface continuous. coating hot 
pitch was applied the flange the tube tunnel. The felt was lapped 
over this and securely clamped place steel plates bolted with 
bolts. 

The felt and pitch water-proofing the shaft was carried all 
four sides the shaft point ft. above the cutting edge the 
caisson. Above this elevation, the inner steel plates the caisson 
constitute the water-proofing. 

The spiral stairways were constructed circular wells, ft. in. 
diameter, formed the concrete. attempt was made form 
steps the concrete, place supporting brackets, during the con- 
struction the wells. This made the operation setting the forms 
for the wells very simple. 

The stairs were constructed cast iron; the treads, carriers, and 
newel posts being cast and machined standard patterns and templets. 
The twelve stairways have aggregate height 831 ft.; they contain 
all alike, and 1172 treads, all alike. The-rise each 
stair was divided into flights landings placed intervals about 
ft. in. Each landing occupies quadrant circle. The inner 
end each tread supported the newel post, the outer end the 
supporting bracket was bolted the concrete each side 
each landing, and also under one the carriers about midway 
between landings. 

The last batch concrete was placed March 11th, 1910. The 
work the permanent structure was completed May 31st, 1910, 
which date the spiral stairways were finished. 

The principal items the permanent linings these shafts 
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500 cu. yd. concrete, 

sq. ft. felt and pitch water-proofing, 

sq. ft. Hydrolithic water-proofing, 
600 lb. steel, reinforcing concrete, 
196 000 steel ventilator nozzles, 

400 lin. ft. steel pipe, 

lb. cast-iron pipe, 

400 duct ft. vitrified electric conduits, 
132 400 cast-iron spiral stairways. 
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Kennarp Am. Soc. E.—Although the author 


deserves great credit for the careful and through manner which 


has handled this subject, his paper should labeled “Dangerous for 
Beginners,” especially engineer great practical experience; 
were not, comparatively little attention would paid his state- 
ments. The paper dangerous because many will read only portions 
it, will not read thoroughly. For instance, the beginning, 
the author cites several experiments which considerable force 
required start the lifting weight plunger sand and 
water and much less after the start. This reminds the speaker 
the time when, schoolboy, tried pick stones from the 
bottom the river and was told that the “suction” was caused 
pressure. 

The inference that tunnels, sand, are not any 
danger rising, even though they are lighter than water. Toward 
the end the paper, however, the author states that tunnels should 
weighted, but rather spoils this stating that they should 
weighted only enough overcome the actual water pressure, that is, 
between the voids the sand. seems the speaker that the only 
really safe way make the tunnel least heavy the water 
displaced order prevent from coming up, and take other 

This discussion (of the paper Meem, Am. Soc. E., printed Proceedings 


for April, 1910, and presented the meeting May 18th, 1910) printed Proceedings 
order that the views expressed may brought before all members for further discussion. 
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measures prevent from going down. The City Toronto, 
Canada, formerly pumped its water supply through 6-ft. iron pipe, 
buried the sand under Toronto Bay and then under Toronto Island, 
with intake the deep water the lake. During storm mass 
seaweed, etc., was washed against the intake, completely blocking it, 
and although the man the pumping station knew that something was 
wrong, continued pump until the water was drawn out the pipe, 
with the result that about mile the conduit started rise and then 
broke several places, thus allowing fill with water. Eventually, 
the city went down bedrock under the Bay for its water tunnel. 

Another reason for calling this paper dangerous for beginners that 
improbable that experienced engineers contractors will omit 
the bracing the bottom, although, since the paper was printed, 
glaring instance has occurred where comparatively little bracing was 
put the bottom 40-ft. cut, the result being bad cave-in from 
the bottom, although all the top braces remained place. Most 
engineers will agree that nearly every crib which has failed slipped out 
from the bottom, and did not turn over. 

The objection the angle repose that not possible 
ascertain for any material deposited Nature. could probably 
ascertained for sand bank deposited Man, but not for excava- 
tion made the ground, for known that nearly all earth, 
has been deposited under great pressure, and likely 
cemented together clay, loam, roots, trees, boulders, and differs 
character every few feet. 

deep vertical cut can often made, even New York quick- 
sand, from which the water has been drawn, and, not subjected 
jars, water, this material will stand for considerable time and 
then come down like avalanche, killing any one its way. 
such cases very little bracing would prevent the slide from starting, 
provided rain, ete., did not loosen the material. 

The author, course, treats dry and wet materials differently, 
but there are very few places where dry material not likely 
become wet before the excavation completed. 

work, the caisson can kept absolutely plumb, can 
sunk without having overcome much friction, while, the other 
hand, not kept plumb, the material more less disturbed 
and begins bind, causing considerable friction. The author claims 
that the pressure does not increase with the depth, but all caisson 
men will probably remember that the friction overcome per 
square foot surface increases with the depth. 

retaining walls, many engineers add the weight 
the soil the water, and calculate for from 100 per cu. ft. 
The speaker satisfied that the so-called New York quicksand 
sufficient use the weight the water only. the sand increased 
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the side pressure above the water pressure, engineers would expect 
use more compressed air hold back, while, matter fact, 
the air pressure used seldom varies much from that called for the 
head. 

Although allowance for water pressure sufficient for designing 
retaining walls New York quicksand, far from sufficient 
certain silty materials. For instance, Maryland, coffer-dam, 
excavated depth ft. silt and water, had the bottom shoved 
ft., spite the fact that the waling pieces were ft. apart 
vertically the top and ft. the bottom, and were braced 
12-in. timbers, every ft. horizontally. The walings split, and the 
cross-braces cut into the waling pieces from in.; other words, 
the pressure seemed almost irresistible. This quite contrast 
certain excavations Brooklyn, which, without any bracing what- 
ever, were safely carried down ft. 

Any engineer who tries guess the angle repose, and, from 
the resulting his bottom struts, will find 
that sooner later accident one job will cause enough loss 
life and money pay for conservative timbers for the rest his life. 
much for side pressures. the pressure the roof tunnel, 
probably every engineer will agree that almost any material except 
unfrozen water will tend arch more less, but how much 
impossible say. doubtful whether any experienced engineer 
would ever try carry all the weight over the roof, except the case 
back-fill, and even then would have make his own assumption 
(which sounds more polite than 

The author has stated, however, that when the tunnel roof and sides 
are place, further trouble need feared. the contrary, 
1885, the Canadian Pacific Railroad built tunnel through clayey 
material and lined with ordinary 12-in. timber framing, 
about ft. apart. After the tunnel was completed, collapsed. 
was re-excavated and lined with 12-in. timbers side side, 
and collapsed again; then the tunnel was abandoned, and, for some 
years, the track, carried around 23° curve, was used until new 
tunnel was built farther in. This trouble could have been caused either 
the sliding swelling the material, and the speaker inclined 
believe that was caused swelling, for known, course, 
that most material has been deposited Nature under great pressure, 
and, excavating certain materials, the air and moisture would 
cause those materials swell and become irresistible force. 

carry the load, Mr. Meem prefers rely the points the 
piles rather than the side friction. such the pile would act 
post, and would probably fail when ordinarily loaded, unless firmly 
supported the sides. The speaker has seen piles driven from 
90.ft. min., which offered almost resistance, and yet, 
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few days later, they would sustain tons each. one would dream 


putting tons 90-ft. pile resting rock, were not 
adequately supported. 


the speaker’s opinion that bracing should not omitted for 


either piles coffer-dams. 


Assoc. Am. Soc. E.—In describing his 
last experiment with the hydraulic chambers and plunger, Mr. Meem 
states that, after letting the pressure stand lb., the piston 
came up. This suggests that the piston might have been raised 
much lower pressure, had been allowed stand long enough. 

The depth and coarseness the sand were not varied ascertain 
whether any relation exists between them and the pressure required 
lift the piston. the pressure varied with the depth sand, 
would indicate that the reduction was due the resistance the 
water when finely divided the sand; varied with the coarse- 
ness the sand, undoubtedly would, especially the sand 
grains were increased spheres in. diameter, would show 
that was independent the voids the sand, but dependent 
dividing the water into thin films. 

The speaker believes that the greater part the reduction 
pressure the bottom the piston might better explained 
the viscosity the water, than assume that considerable part 
the plunger not contact with it. The water, being divided 
fine sand into very thin films, has tensile strength which capable 
resisting the pressure for least limited time. 

the water capable exerting its full hydrostatic pressure 
through the sand, the total pressure would the full hydrostatic 
pressure the bottom the piston where contact, and, where 
separated from grain sand, the pressure would decreased 
only the weight the grain. large proportion the top 
area grain contact, assumed the author, this reduction 
pressure would very small. correct interpretation can 
obtained only after more complete experiments have been made. 

For horizontal pressures exerted saturated sands vertical 
walls, has not been demonstrated that anything should deducted 
from full water pressure. matter how much the area 
contact with the sand rather than the water, the full water 
pressure would transmitted through each sand grain from its other 
side and, necessary, from and through many other grains which 
may turn contact with it. The pressure such wall will 
water pressure over its entire surface, and, addition, the thrust 
the sand after correcting for its loss weight the water. 

The fact that small cavities may excavated from the sides 
trenches tunnels back the sheeting proves only that there 
temporary arching the material, that the cohesion the 
particles sufficient withstand the stress temporarily, that 
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there combination cohesion and arching. The possibility 


such points. That sand earth will arch under certain condi- 
tions has long been accepted fact. The sand arches experimented 
with developed their strength only after considerable yielding and, 
therefore, give index the distribution intensity stress 
before such yielding. Furthermore, sand and earth Nature are not 
constrained forms and reinforcing rods. 

Mr. Meem’s paper very valuable that presents some unusual 
phenomena, but many the conclusions drawn therefrom cannot 
accepted without further demonstration. 


various grades sand, rock depths from 105 ft. below 
ground-water, invariably showed working-chamber air-pressures equal, 
closely could observed, the hydrostatic pressures computed, 
for corresponding depths cutting-edge, given Table 


Per 


Equiva- Equiva- 
Equiva- ent Equiva- ent 
lent feet of| elevation lent feet elevation 
Ground- Ground- 
2.31 9.06 55.51 62.36 
6.94 13.79 60.14 66.99 


These observations and computations were made the speaker 


connection with the caisson foundations for the Municipal Building, 
New York City. 


making such excavations does not prove that pressure does not exist 
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characterized superlatives. Parts are believed excep- 
tionally good, while other parts are considered equally dangerous. The 
author’s experimental work extremely interesting, and the writer 
believes the results obtained great value; but the analytical 
work, both mathematical and logical, emphatically questioned. 

The writer believes that, the design permanent structures, con- 
sideration arch action should not included, least,.not until 
much more information has been obtained. also believes that the 
design temporary structures with this inclusion actually danger- 
ous some instances, and takes the liberty citing the following 
statement the author, with regard his first experiment: 

“About hour after the superimposed load had been removed, the 
writer jostled the box with his foot sufficiently dislodge some the 
exposed sand, when the arch once collapsed and the bottom fell 
the ground.” 

The writer emphatically questions the author’s ideas “the 
thickness key” which “should allowed” over tunnels, believing 
that conditions within earth mass, except very rare instances, are 
such that true arch action will seldom take place any definite 
extent, through any considerable depths. Furthermore, the author’s 
reason for bisecting the angle between the vertical and the angle 
repose the material, when undertakes determine the thickness 
key, not obvious. This assumption shown absurd when 
either limit, for when the angle repose equals zero, 
the case with water, this method would give definite thickness key, 
while there can absolutely arch action possible such 
and, when the angle repose 90°, may assumed the case 
rock, this method would give infinite thickness key, which 
again seen absurd. would seem altogether too many 
unknowable conditions had been assumed. any arch action 
ean brought into play until certain amount settlement has 
taken place bring the particles into closer contact, and such 
way that the internal stresses are practically those only com- 
pression, and the shearing stresses are within the limits possible for 
the material question. 

The author has repeatedly made assumptions which are not borne 
out the application his mathematical formulas actual extreme 
conditions. This method application limiting conditions con- 
cededly sometimes but the writer believes that earth pressure 
theory, one concerning arch action, can considered satisfactory 
which does not apply equally wel! pressure problems when 
the proper assumptions are made the factors for friction, cohesion, 
ete. For example, when the angle repose considered zero, the 
author’s first formula for W,, the value becomes W,, whereas 
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should depend solely the depth, which does not enter the formula, 
and not all the width opening, which thus included. 

The author has given experiments prove his statement that 
“the arch thrust greater dryer sand,” and the accuracy the 
statement questioned. Again, reason apparent for assuming 
the direction the “rakers” Fig. that the angle repose. 
The writer cannot sce why that particular angle repeatedly used, 
when almost any other would give results similar kind. The 
author has made experiments which show any connection between 
the angle repose, interprets it, and the lines arch action 
which assumes exist. 

With regard the illustration the condition which thought 
exist when the “material composed large bowling balls,” sup- 
posedly all the same size, the writer believes the conclusion 
erroneous, and that this can readily seen inspection diagram 
which such balls are represented forming pile similar the 
well-known “pile shells” the algebras, the diagram which 
pile three shells, resting the base, has been omitted. then 
seen that unless the pressures angle 60° with the horizontal 
are sufficient produce frictional resistance very large amount, 
the balls will roll and instantly break the arch action suggested the 
author. Consequently, almost infinitesimal settlement the 
“centering” may cause the complete destruction arch earth. 

The author’s believed: entirely faulty many cases 
because repeatedly makes assumptions which are not accordance 
with demonstrated fact, and finally sums the results the state- 
ment: “It conceded” (line 658, for example),* when the writer, 
for one, has not even conceded the accuracy the assumptions. For 
instance, the author’s well-known theory that pressures against retain- 
ing walls are maximum the top and decrease zero the bottom, 
absolute contradiction the results experiments conducted 
large scale the writer the new reinforced concrete retaining wall 
near the St. George Ferry, Staten Island, New York City, which 
will soon published, and which the usual law increase lateral 
pressure with depth believed demonstrated beyond question. 
must conceded that considerable arch action (so-called) actually 
exists many cases; but should equally conceded the advo- 
cates the existence such action that changes humidity, due 
moving water, vibration, and appreciable viscosity, will invari- 
ably destroy this action time. consequence, the author’s reason- 
ing regard the pressures against the faces retaining walls 
believed open grave question accuracy assumption, 
method, and conclusion. 
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The author correct far assumes that “the character 
the stresses due the thrust the material will” not “change 
bracing should substituted for the material the area” designated 
him, provided makes the further assumption that absolutely 
motion, however infinitesimal, has taken place meantime; but, unless 
such motion has actually taken place, arch action can have 
developed. arch thrust can result only with true arch action, 
that is, with stable abutments, and the mass stressed wholly com- 
pression, with corresponding shortening the arch line. The arch 
thrust must proportional the elastic deformation (shortening) 
the arch line. any such arch shown Fig. assumed carry 
the whole the weight material above it, that assumed arch must 
relieve all the assumed arches below. Therefore each the assumed 
arches can carry nothing more than its own mass. Otherwise the 
resulting thrust would increase with the depth, which opposed the 
author’s theory. 

Turning again the condition that each arch can carry only its 
own weight: these arches are assumed thicknesses proportional 
the distance upward from the bottom the wall, they will similar 
figures, and easily demonstrated that the thrust will then 
uniform amount throughout the whole height the wall, except, 
perhaps, the very top. This condition contrary the author’s 
ideas and also the facts demonstrated the writer’s experiment 
the 40-ft. retaining wall St. George. Consequently, the author’s 
statement: “nor can anyone doubt that the top timbers are 
stressed more heavily than those the bottom,” emphatically doubted 
and earnestly denied the writer. Furthermore, “the assumption” 
made the author “the tendency the material slide” 
cause “to wedge between the face the sheeting 
and some plane between the sheeting and the plane repose,” 
considered absolutely unwarranted, and consequently the whole 
conclusion believed unjustified. Nor the author’s assumption 
(line 662),* that “the thrust measured its weight 
divided the tangent the angle repose” all obvious. 
Again (on the same page), the author designates “pressure” what 
describes “the weight the mass, multiplied the distance its 
center gravity vertically above the toe,” while, fact, such product 
measures “moment” and not pressure. Finally, the value given 
for the last product, the factor, has been omitted the text. 

The author presents some very interesting photographs showing the 
natural surface slopes various materials; but interesting note 
that describes these slopes having been produced the “con- 
tinual slipping down particles.” The vast difference between angles 
repose produced this manner the rolling friction particles 
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and the internal angles friction, which must used all earth- 
pressure investigations, has been repeatedly called attention 
engineers the writer.* 

The writer’s experiments are entirely accord with those the 
author which the latter claims demonstrate that “earth and water 
pressures act independently each other,” and the writer much 
delighted that his own experiments have been thus confirmed. 

Experiment No. the query naturally suggested: “What 
would have been the result the nuts and washers had first been 
tightened and water then added?” Although the writer has not 
tried the experiment, rather inclined the idea that the arch 
would have collapsed. With regard Experiment No. there 
noted interesting possibility its application the theoretical 
discussion masonry dams, which films water are assumed 
exist beneath the structure crevices cracks capillary dimen- 
sions. The writer has always considered the assumptions made 
many designing engineers unnecessarily conservative. regard 
the author’s conclusions from Experiment No. should noted 
that friction can exist between particles sand and surrounding 
water unless there tendency the latter move; and that water 
motion does not exert pressures equal those produced when 
condition, the reduction being proportional the velocity 
flow. 

The author’s conclusion (p. 672),+ that “pressure will cause the 
quicksand set hydraulic action,” does not seem have been 
demonstrated his experiments, but only his theory. this 
instance, the results the writer’s experiments are contrary the 
author’s theory and conclusion. 

The writer will heartily add his protest that the author 
“against considering semi-aqueous masses, such soupy sands, soft 
concrete, exerting pressure due their weight 
bulk, instead the specific gravity the basic liquid.” Again, 
similarly hearty concurrence given the author’s statement: 

“Tf the solid material any liquid agitated, that virtually 
suspension, cannot add the pressure, and allowed subside 
acts solid, independently the water contained with it, although 
the water may change somewhat the properties the material, 
increasing changing its cohesion, angle repose, etc.” 


the other hand, believed that the author’s 
“the tendency marbles arch,” few lines above the one last quoted, 
should qualified, the addition the words, “only when certain 
amount deflection has taken place bring the arch into 
action.” Again, the following page, somewhat similar qualifica- 


Lateral Earth Pressures and Related Phenomena,” Transactions, Am. Soc. E., 
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tien should added the sentence referring the soft clay arch, 
that would “stand the rods supporting the intrados the arch 
were keyed back washers covering sufficiently large area,” 
inserting the words, “unless creeping pressures (such those en- 
countered the writer his experiments) were exceeded.” 

The writer considers very doubtful the formula for D,, which 
the same that for W,, already discussed. The author’s statement 
that “additional back-fill will [under certain circumstances] lighten 
the load the structure,” considered subject modification 
some such clause the following, “the word ‘lighten’ here being under- 
stood mean the reduction some extent what would the total 
pressure due the combined original and added back-fill, provided 
arch action occurred.” 

The writer entire agreement with the author the proba- 
bility that water often “cut off absolutely from its source pressure,” 
with the attendant results described the author (p. 679);* and 
again, that too little attention has been given the bearing power 
soil, with the author’s accompanying criticism. 

The writer cannot see, however, where the author’s experiments 
demonstrate his statement “that pressure transmitted laterally 
through ground, most probably along nearly parallel the angles 
repose,” any the conclusions drawn him the paragraph 
(p. 682),* which contains this questionable statement. Again the writer 
loss how interpret the statement that the author has 
found that “better resistance” has been offered “small open caissons 
sunk depth few feet and cleaned out and filled with concrete” 
than “spreading the foundation over four five times the equiva- 
lent area.” The writer agrees with the author the majority his 
statements the “bearing value and friction piles,” but believes 
that indulging pure theory some his succeeding remarks, 
wherein ascribes arch action the results which believes would 
observed long shaft withdrawn vertically from moulding 
sand.” These phenomena would due rather capillary action and 
the resulting cohesion. 

Naturally, the writer doubts the author’s conclusions the 
pressure the top large square caisson shafts when states that 
tionately the depth.” Again, the author apparently not conversant 
with experiments made the Dock Department New York City, 
concerning piles driven the Hudson River silt, which showed that 
single heavily loaded pile carried downward with other unloaded 
piles, driven considerable distances away, showing that was not the 
pile which lacked resistance, much the surrounding earth, 
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conclusion, the writer heartily concurs with the statement that 
“too much has been taken for granted connection with earth pressures 
and resistance,” and sorry forced add that believes the 
author open the criticism which himself suggests, that “both 
experimenting and observing, the engineer [and this case the 
author] will frequently find what being looked for expected and 
will fail see the obvious alternative.” 


should congratulated, both regard the highly interesting theories 
which advances the subject sand pressures—the pressures 
subaqueous material—and his interesting experiments connec- 
tion therewith. 

The experiment which the plunger the hydraulic ram im- 
mersed sand and covered with water does not seem conclusive. 
this experiment the author attempts demonstrate that the pres- 
sure the water transmitted through the sand only about 40% 
great when the sand not there. The travel ground-water 
through the earth times very slow, and occasionally only the 
rate from ft. per hour. the writer’s opinion, Mr. Meem’s 
experiment did not cover sufficient time during which the pressure was 
maintained any given point. quite probable that may take 
min. for the full pressure transmitted through the sand 
the bottom the plunger, and hoped, therefore, that will 
make further experiments lasting long enough demonstrate this 
point. 

regard the question skin friction caissons and piles, 
may interest mention experiment which the writer made 
during the sinking the large caissons for the Williamsburg Bridge. 
These caissons were about ft. long and ft. wide. The river bottom 
was about ft. below mean high water, and the caissons penetrated 
sand good quality depth from 100 ft. below that level. 
two were made determine the skin fric- 
tion while the caissons were being settled. With the cutting edge 
from ft. below the river bottom, the calculations showed that 
the skin friction was between 500 and 600 per sq. ft. The writer 
agrees with Mr. Meem that, the sinking caissons, the arch action 
sand is, great measure, destroyed the compressed air which 
escapes under the cutting edge and percolates through the material 
close the sides the caissons. 

With reference the skin friction piles, the writer agrees with 
Mr. Meem that certain classes material this almost negligible 
quantity. The writer has jacked down 9-in. pipes various parts 
New York City, and placing recording gauge the hydraulic 
jack, the skin friction the pile could obtained very accurately. 
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[Papers. 
several instances the gauge readings did not vary materially from 
the surface down penetration ft. these instances the 
material inside the pipe was cleaned out within ft. the bottom 
the pile, that the gauge reading indicated only the friction 
the outside the pipe plus the bearing value developed its 
lower edge. For 9-in. pipe, the skin friction the pile plus the 
bearing area the bottom the pipe seems about tons, 
irrespective the depth. After the pipe had reached sufficient depth, 
was concreted, and, after the concrete had set, the jack was again placed 
and gauge readings were taken. was found that ordinary 
sands the concreted steel pile would down from in., after 
which would bring the full capacity 60-ton jack, showing, 

the writer’s opinion that, reasonably compact sands situated 
depth below the surface which will not allow much lateral 
movement, reaction 100 tons per sq. ft. area can obtained 
without any difficulty whatever. 


Frank Carter, Assoc. Am. Soc. (by Meem 
has contributed much that value, particularly water pressures 
sand; just what result would obtained coarse crushed stone 
similar material were substituted for sand Experiment No. not 
obvious. 

has been the practice lately, among some engineers Boston, 
well New York City, assume that water pressure the 
underside inverts exerted one-half the area only. The writer, 
however, has made practice first lay few inches cracked 
stone the bottom wet excavations order keep the water from 
the concrete which placed the invert. addition the 
cracked stone under the inverts, shallow trenches dug laterally across 
the excavation insure more perfect drainage, have been observed. 
Both these factors doubt assist the free course water exerting 
pressure the finished invert after the underdrains have been closed 
completion the work. The writer, therefore, awaits with 
interest the repetition Experiment No. with water the bottom 
piston buried coarse gravel cracked stone. 

for the arching effect sand, the writer believes that Mr. Meem 
has demonstrated, small seale, important principle. must 
regretted, however, that the box was not made larger, for, the 
writer, appears unsafe draw such sweeping conclusions from 
small experiments. small models sailboats fail develop completely 
laws for the design and control large racing yachts, experiments 
small sand boxes may fail demonstrate the laws governing actual 
pressures full-sized structures. 
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For some time the writer has been using process reasoning 
similar that the author for assumptions earth pressure the 
roofs tunnel arches, except that the vertical forces assumed hold 
the weight the earth have been ascribed cohesion and friction, 
along what might termed the sides the “trench excavation.” 

The writer fails find proof this paper the author’s state- 
ment that earth pressures the sides structure buried 
earth are greater the top than the bottom trench. That some 
banks are “top-heavy,” is, doubt, fact, the writer having 
heard similar expressions used experienced trench foremen, but, 
every case called his attention, local have caused 
the top-heaviness, either undermining the bottom the trench, too 
much banked earth top, the earth excavated from the trench being 
too near the edge the cut. 

For some years the writer has been making extended observations 
deep trenches, and, thus far, has failed find evidence, except 
aqueous material, earth pressures which might expected from the 
known natural slope the material after exposure the elements; 
and this latter feature may explain why sheeted trenches stand 
much better than expected. air had free access the material, 
cohesion would destroyed, and theoretical pressures would more 
easily developed. With closely-sheeted trenches, the weather practi- 
excluded, and the bracing, which seemingly far too small, holds 
the trench with scarcely mark pressure. instance, 
1893, the writer was successfully digging sewer trenches from 
ft. deep, through gravel, the central part Connecticut, without 
bracing; because demands the work another part the city, 
length several hundred feet trench was left open for three days, 
resulting the caving-in the sides. The elements had destroyed 
the cohesion, and the sides the trenches longer stood vertically. 

Recently, the vicinity Boston, trenches, ft. wide, and from 
ft. deep, ‘with heavy buildings one side, have been braced 
with 10-in. stringers, and bracers 10-ft. centers longitudinally, 
and from ft. apart vertically; this timbering apparently was too 
slight for pressures which, theoretically, might expected from the 
natural slope the material. Just what pressures develop the 
sides the structures these deep trenches after pulling the top 
sheeting (the bottom sheeting being left place) is, course, matter 
conjecture. There can doubt that there arching the 
material, suggested the author. How much this may assisted 
the practical non-disturbance the virgin material is, course, 
indeterminate. That substructures and retaining walls designed 
according the Rankine similar theories have additional factor 
safety from too generous assumption regard earth pressure 
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practically admitted everywhere. almost engineering axiom 
that retaining walls generally fail because insufficient foundation 
only. 

For the foregoing and particularly from observations 
the effect earth pressures wooden timbers used bracing, the 
writer believes that, ordinarily, the theoretical earth pressures com- 
puted Rankine and Coulomb, are not realized one-half, and some- 
times not even one-third one-quarter trenches well under- 
drained, rapidly excavated and thoroughly braced. 
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REINFORCED CONCRETE PIER CONSTRUCTION. 


arrival the first barge load brick, used building resi- 
dence the estate which this pier belongs, severe northwest wind 
blew for two days, after the boat was moored alongside, directly against 
the head the pier and the side the boat. The effect the pier was 
the fender piles and cause settlement one the caissons 
the pier head the west end. The caisson was knocked slightly 
out alignment, and settlement toward the west was observable. 

The writer believes that this was caused the pounding the 
brick barge the sand bottom which the rest, during half 
tide, the boat being raised from the bottom roller, and striking 
when the roller had passed. order protect the pier and avoid the 
bumping barges against it, three groups piles were driven about 
ft. beyond the end, secondary platform was built between these and 
the stringer the pier, and that would slide the 
stringér case movement the piles. This secondary platform 
particularly advantageous the handling material, the height 

the dock was found excessive for passing brick and cement. 
For handling material after deposited the dock, industrial 
railroad has been built. the shore end this railroad, brick and 
cement are dumped into wagons, which they are carried the hill 
the house. 


This discussion (of the paper Eugene Klapp, Am. Soc. E., printed Pro- 
ceedings for May, 1910, but not presented any meeting) printed Proceedings 
order that the views expressed may brought before all members for further discussion. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


LINUS WEED BROWN, E.* 


Diep 1910. 


the death Linus Weed Brown, which occurred Monrovia, 
Cal., March 7th, 1910, this Society lost one its valued members 
and the Engineering Profession most able exponent. 

Mr. Brown was born Burnside, Orange County, Y., 
August, 1856, and received his early education the schools that 
town. studied his profession the Stevens Institute Tech- 
nology, Hoboken, 

the age eighteen entered the machine shops the 
vania Railroad, and later was employed Draftsman that Company, 
which position held until 1880. 

1880 accepted position with the Southern Railroad 
New Orleans, La., and designed and supervised the construction 
the Algiers shops. 

1883 Mr. Brown severed his connection with the Southern 
Pacific Company and engaged general engineering practice, princi- 
pally the line sugar-house installations. 

1885 was elected Assistant City Engineer New Orleans, 
which position held for four years. 

1890 became Chief Engineer for the Caffrey Central Sugar 
Refinery, designing and supervising the erection the buildings, 
which represented expenditure about, $600 000. the same year 
Mr. Brown was appointed Chief Engineer the Franklin and Abbe- 
ville Railroad and built that road. the same time designed and 
built the Des Lignes sugar-house. fact, designed and built many 
the large sugar mills and refineries erected Louisiana about 
that time. 

From 1892 1896 Mr. Brown held the office City Engineer 
New Orleans, and was during this term that some the most 
important works his career were accomplished. 


Under the direction the City Council, and consultation 


Harrod, Past-President, Am. Soe. E., the late Richard- 
son, Am. E., and Rudolph Hering, Am. Soc. E., 
Mr. Brown made topographical survey New Orleans, study 
precipitation and run-off, and prepared plans and specifications for 
drainage system. 


Memoir prepared Ole Olsen, Esq. 
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the expiration his term office City Engineer, 
engaged private practice, assuming charge, Chief Engineer for the 
contractors, the first construction work the drainage system. 

Prior and during his term office City Engineer, Mr. Brown 
was Architect the School Fund New Orleans, during 
which time designed and built several new schools and remodeled 
number old buildings. 

was also Special Engineer for the New Orleans Levee Board 
harbor and bank protection work. the study this work Mr. 
Brown devoted all his energies and knowledge for several years. 
the same time was member the New Orleans Advisory Board 
Engineers Sewerage and Water. 

When the oil fields Texas were first discovered, Mr. Brown’s 
services were immediately engaged, and the following years 
devoted almost his entire time the development the oil fields and 
facilities for handling the oil. His operations were principally the 
Beaumont and Sour Lake fields. 

The holdings the Southern Railroad Company these 
regions demanded the services expert engineer, and Mr. Brown 
was engaged take full charge its interests. 

1904 give active business and seek the 
restoration his health. this end spent some time the 
Middle Western States and finally decided out the Pacific 
Coast. The climate there proved beneficial that eventually 
settled Bakersfield, Cal., where accepted appointment Con- 
sulting Engineer for the Oil Department the Southern Rail- 
road and Chief Engineer the Atlantic Division the same line. 

Shortly after accepted this appointment the Colorado River 
broke through its banks and overflowed the valley known the Salton 
Sea, across which the tracks the Southern Road were laid. 
The Company was compelled make detour approximately 100 
miles around the inundated region. 

The United States made several attempts dam the 
break, but without success, and finally abandoned it. Then the 
Southern Pacific took the matter, and, under Mr. Brown’s direction, 
succeeded closing the break with two massive dams, confining the 
river its ordinary channel and preventing the increase the 
Salton Sea. 

While California Mr. Brown invented oil and sand separator, 
which the Southern Company now using throughout its oil 
fields. also invented continuous water purifier and special oil 
power-pump. All these machines are now the market. 

Mr. Brown was man sterling integrity; one who regarded his 
profession the light obligatory service. this sense 
duty sacrificed much, primarily the necessary relaxation and rest 
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from arduous labor, which undoubtedly accelerated the end his use- 
ful and honorable career. 

recognition the valuable services rendered connection 
with the levee protection work Orleans, Mr. Brown was made 
the recipient public honors and testimonials 

survived daughter and two sons; the latter are preparing 
follow the engineering profession. His wife, who was Miss Joan 
Von Vesterfeldt New York City, died 1903. 

Mr. Brown was elected Member the American Society Civil 
Engineers June 7th, 1899. was also Member the Louisiana 
Engineering Society. 


CHARLES ALFRED HASBROUCK, Am. Soe. E.* 


Diep 1910. 


Charles Alfred Hasbrouck was born Forest Home, suburb 
Ithaca, Y., July 1864. After studying the schools 
Ithaca, entered Cornell University 1880, from which, after com- 
pleting course Civil Engineering, was graduated 1884, the 
youngest member his class. 

July, 1884, Mr. Hasbrouck entered upon his professional career 
Assistant Engineer the Detroit Bridge and Iron Company, 
continuing with that firm until 1888. From August November, 
1888, was employed with the King Bridge Company Assistant 
Engineer. 

November, 1888, was appointed Assistant Chief Engineer 
the American Bridge Works, Chicago, specializing bridge and 
structural engineering. 

May, 1900, Mr. Hasbrouck was made Contracting Manager 
the American Bridge Company, New York, charge railroad 
structures the Western Division, which position held until his 
health failed. Thus, after years active service his Profession, 
was obliged give all work. 

June 14th, 1893, Mr. Hasbrouck was married Miss Mary 
Fobes, Iowa, who died 1907. 

After retiring from business, Mr. Hasbrouck spent part his time 
Paso, Tex., search health. 1909, went Sierra 
Madre, and, later, Pasadena, Cal., where died February 
1910. was patient sufferer, never uttering word annoyance 
fretfulness his condition. 


Memoir prepared Mr. Edward Capouch, Contracting Manager, American Bridge 
Company, Chicago, 
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his expressed wish, was buried from his boyhood home which 
had always kept up, and which, with its beautiful grounds, left 
Cornell University. 

Mr. Hasbrouck was elected Associate Member the American 
Society Civil Engineers February 3d, 1892, and Member 
December 5th, 1894. was elected Member the Institution 
Civil Engineers, Great Britain, February 2d, 1904. 


JOHN HENDERSON SAMPLE, Am. E.* 


1910. 


John Henderson Sample, the only son Judge William Sample, 
was born April 3d, 1849, Ohio. entered Dennison 
University, Granville, Ohio, from which was graduated 1872. 
After leaving college, was engaged the early surveys the 
Toledo and Ohio Central lines, working from Axeman Division 
Engineer. 

Afterward Mr. Sample served Chief Engineer the Cincinnati, 
Lebanon, and Northern Railway, and Chief Engineer the Cincinnati 
and Georgia (now the Southern Railway), from Rome Macon, Ga., 
except from Austell Atlanta. 1883, made surveys for the 
East Tennessee, Virginia and Georgia Railway (now the Southern 
Railway) Alabama. then became Chief Engineer the 
Alabama Improvement Company, engaged the location and con- 
struction the Northern Alabama Railroad, and the development 
coal and ore lands and the Town Sheffield, Ala. 

was appointed Chief Engineer the Toledo and Ann Arbor, 
loeation and construction from Hammond Junction Durand; Chief 
Engineer location and construction the Missouri lines 
Kansas, Colorado, and Missouri; and from 1887 1889, served 
Chief Engineer the construction the Louisville, Henderson, and 
St. Louis Railway, from West Point Henderson, Ky. 

Mr. Sample made examinations and reports timber and mineral 
lands Kentucky, Tennessee, Virginia, and West Virginia, and 
1889, examined and reported the Mexican National Railroad, 
from Laredo, Tex., the City Mexico. 

From 1889 1896, was Chief Engineer location and 
tion and General Superintendent operation the Pittsburg, Akron, 
and Western Railroad, from Delphos Akron, Ohio. 1897 was 
appointed General Superintendent the Cleveland, Akron, and 
Columbus Railroad, which position held until this road was pur- 


Memoir prepared Hanlon, Esq. 
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chased the Pennsylvania Company, September, 1899. From that 
date the time his death, Mr. Sample was the employ the 
Pennsylvania Company, Assistant Engineer, being engaged line 
and grade revision and special work. 

His father being lawyer and Judge, partook his judicial 
nature, and all his lifework was based the broad foundation 
equity and honesty purpose. was man unobtrusive manner, 
retiring disposition, and unpretentious 

June 7th, 1876, Mr. Sample was married Miss Virginia 
Hughes. His wife died June 24th, 1889. 

Mr. Sample died suddenly the Fort Pitt Hotel, Pittsburg, Pa., 
March 4th, 1910. intended leave for New York City during 
the day bid farewell his son, who was Assistant Engineer the 
Madeira and Mamoré Railway, Brazil, and had been spending his 
three months with his father. 

his children, and those who knew him intimately, Mr. Sample 
leaves memory life well rounded out noble endeavor, and 
fixedness purpose know and the right. was conscientious 
every act and thought, man deep religious conviction, and 
though suddenly from his earthly labors, was ready for the 
higher service and duty. 

Mr. Sample was elected Member the American Society Civil 
Engineers October 6th, 1886. 


ALBERT MATHER SMITH, Am. E.* 


Diep 27TH, 1910. 


Albert Mather Smith was born October 5th, 1837, New York 
City. was the son Charles Smith and Miss Alleta Loverich, and 
direct descendant Cotton Mather. 

boy fifteen entered the Engineer Division the Man- 
hattan Gas Light Company, and later became Engineer its West 
18th Street Station. the outbreak the Civil War, Mr. Smith 
joined the 37th Regiment, New York Volunteers, organized Colonel 
Roome, the President the Manhattan Gas Light Company, and was 
chosen Captain Company This Company was largely recruited 
from the force the gas-works, and drilled the office the Gas 
Company Irving Place, New York City. Mr. Smith’s regiment 
saw active service during the invasion Pennsylvania, and also 
special detail the Chesapeake; and, later, during the Draft Riots 
New York City. 
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After the close the War, Mr. Smith became Chief Engineer 
the Manhattan Gas Light Company, and, later, when this Company 
was merged into the Consolidated Gas Company, became Engineer 
Distribution the latter Company. the time his death had 
been connected with the gas companies New York City for years. 

March 18th, 1863, Mr. Smith was married Miss Anna 
Provoost Elwes, who died January 14th, 1873. 1878, Mr. Smith 
was married his second wife, Miss Jane Bull. His widow, 
two sons, and daughter survive him. 

Mr. Smith was Charter Member and Vice-President the Society 
Gas Lighting, the oldest existing gas association the United 
States. was elected Member the American Society Civil 
Engineers May 5th, 1886. 


JACOBUS VAN DER HOEK, Am. E.* 
Diep 1909. 


Jacobus Van der Hoek, son the late Gysbertus Van der Hoek 
and Johanna (Tupers) Van der Hoek, was born Goes, The Nether- 
lands, March 19th, 1862. received his early education the 
Public Schools, and was graduated from the High School his native 
town August, 1879. September the same year entered the 
School Delft, The Netherlands, from which was 
graduated, Civil Engineer, July, 1883. 

During 1884 Mr. Van der Hoek was employed Inspector the 
construction dike across the “het slaak,” shallow tidewater 
miles wide, and made surveys and soundings for record map 
adjacent waters covering area sq. miles. 

1885 and 1886 was employed the Dutch Government 
Assistant Engineer charge party, re-survey the principal 
rivers Holland, and triangulated about miles river. 

During 1887 Mr. Van der Hoek was Engineer charge the sub- 
marine shore protection for the “Polder The Nether- 
lands. 1887 left his native land for the United States, arriving 
New York City, December 25th. 

From the latter part 1888 the beginning 1890, was 
employed the Wheeling Bridge and Terminal Railway Company, 
Wheeling, Va., under the late Job Abbott, Am. 
Chief Engineer. The work comprised steam railway construction, 
bridge ft. length, including one span over the Ohio River, 
525 long, and three tunnels from 400 400 ft. long, all double- 
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track and heavy work throughout. The Engineer who was charge 
the work, writes: 


“Mr. Van der Hoek reported Chief Draftsman and Office 
Assistant during the period above mentioned. was capable and 
earnest all his work, and well qualified perform it, that our 
relations were not only uniformly pleasant, but they marked the 


beginning friendship that lasted until the deplorable end Mr. 
Van der Hoek’s useful life.” 


1890, Mr. Van der Hoek entered the service the Lehigh Valley 
Railroad and continued with this Company until July, 1909; during 
this time was successively engaged Chief Draftsman, Assistant, 
Resident, and Division Engineer. During the extension the main 
line the Lehigh Valley Railroad, from Sayre Buffalo, was 
employed Chief Draftsman, designing masonry and other structures, 
also Assistant and Resident Engineer charge certain sections 
the line. Paul King, Am. Soe. E., the Chief Engineer 
charge the construction this 175 miles double-track railroad, 
soon recognized the exceptional engineering ability Mr. Van der 
Hoek, and appointed him, successively, Assistant and Resident Engineer 


charge several sections; his success and ability, Mr. King 
writes: 


“The sad and sudden death Mr. Van der Hoek was indeed 
great shock and his many friends the Lehigh Valley System, 
particularly New York State, his field professional work for 
many years. 

highly regarded his technical ability, sterling character, and 
untiring industry, both the field and office. During the time 
was engaged with (nearly four years), filled the positions 
Chief Draftsman, Assistant, and Resident Engineer, and earned the 
respective promotions the zeal and energy which was always 
characteristic him with any work had hand. continued 
throughout the period construction, record not equalled any 
the dozen more Resident Engineers connected with that work. 
was this observation his conduct and activity executing his 
work that warranted have confidence his ability take 
the work done after the Operating Department took charge 
the line, recommending him the Engineer for Maintenance Way 


part the new line.” 

1893, Mr. Van der Hoek was appointed Division Engineer 
the Buffalo Division the Lehigh Valley Railroad, and had charge, 
under the Superintendent Maintenance Way, constructing 
stations, water stations, coal trestles, wharves, stone ballasting the line, 
building storage yards, rebuilding bridges, continued this 
position until July 1909. 

One his associates the Lehigh Valley Railroad writes: 


was intimately acquainted with Mr. Van der Hoek and his work 
from 1894 the time his death, and co-worker the Lehigh 
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Valley Railroad privilege testify his exceptional engineer- 
ing ability, his strong, unflinching character, his untiring energy, and 
implicit adherence the lines duty. had exceptional executive 
ability combined with thorough knowledge details. was these 
qualities that made him successful his work. 

“Mr. Van der Hoek was sober, unassuming, and honest man, 
generous and respected superior his subordinates, true friend, ever 
ready assist aspiring young man greater knowledge and better 
positions; these will truly missed and mourned.” 

July 12th, 1909, Mr. Van der Hoek entered the service the 
Lehigh Coal and Navigation Company, Civil Engineer, under the 
General Superintendent that company, Lansford, Pa., take 
charge the railroad maintenance, water supply, land surveys, and 
new outside construction, the extensive mining properties that 
company the anthracite coal fields. 

Mr. Van der Hoek’s exceptional ability was thoroughly recognized 
his new employers, and his work and its results were fully appre- 
ciated; had but laid his plans and perfected proper organization 
when, the afternoon December 22d, 1909, while inspecting the 
work laying new water main through the Lansford, Pa., tunnel, 
met his death being run over engine, and his successful 
professional career was thus sadly ended. Assistant, who had 
accompanied him this inspection, met with the same lamentable 
fate. 

May 30th, 1896, Mr. Van der Hoek was married, New York 
City, Johanna Van der Bent, and survived his wife and two 
children. 

was elected Member the American Society Civil 
Engineers April 7th, 1897. 


LUTHER ELMAN JOHNSON, Jun. Am. Soe. E.* 


Diep 1910. 


the death Luther Elman Johnson, the Engineering Profession 
has lost bright and able young engineer whose career, though short, 
gave promise steady rise and brilliant future. 

Mr. Johnson, the son Mr. and Mrs. Johnson, Lawton, 
Okla., was born Union, West Va., August 10th, 1881. Most 
his childhood and early manhood, however, were spent Missouri. 
received his High School training Nevada, Mo., and his technical 
education the Missouri State University, from which was gradu- 
ated 1904, his completion the four years’ course Civil Engi- 
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neering. connection with the training the University, Mr. John- 
son, graduation, was appointed and commissioned Brevet Second 
Lieutenant, the National Guard Missouri, the Governor the 
State. 

His professional work began shortly after graduation, with his 
employment the United States Reclamation Service, connection 
with investigations reservoir sites for the storage irrigation water 
Oklahoma. Following this, Mr. Johnson was transferred the 
Garden City, Kans., pumping project, where, from 1905 1907, 
was engaged concrete construction and other work. the latter 
part 1907, was transferred the Minidoka, Idaho, pumping 
project, where, Assistant Engineer, was engaged until shortly 
before his death. 

His work the latter project was connection with the location 
and construction canals, and was active charge the building 
large number small reinforced concrete and timber structures 
and bridges for the irrigation system. prosecuting this work, Mr. 
Johnson showed ability the first order, and gave evidence, his 
conscientious, thorough, and careful work, great promise for the 
future. 

March, 1910, his health failing, returned his home 
Lawton, Okla., recuperate from general breakdown, but pneumonia 
set in, and died March 23d. 

Mr. Johnson was young man sterling qualities and rugged 
honesty; his life was clean and strong, his character sweet and lovable, 
and his capabilities exceptional. Untiring devotion and interest 
his work were traits which had won for him the deepest respect 
his associates and those who worked under his direction, and his death 
was keen loss, not only his family whom was devoted 
son and brother, but his many friends and all those with whom 
his work brought him into contact. 


Mr. Johnson was elected Junior the American Society Civil 
Engineers September 6th, 1904. 
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THE ARCH PRINCIPLE 
ENGINEERING AND ESTHETIC ASPECTS, 
AND ITS APPLICATION LONG SPANS. 


The object this paper present some suggestive designs for 
bridge with several spans accommodating railroad and street traffic 
across wide river, the channel span approximately the 
greatest length thus far used practice, that simple trusses are 
out the question. 

Much has been written the subject long-span bridges, but 
far from being Apparently there yet much learn 
regarding the construction great bridges, and thorough discussion 
designs will bring out facts undoubted value. 

Girders and trusses, acted ‘vertical loads their 
divided into two distinct one including all those hating 
vertical reactions, and the other those having inclined reactions. The 
second type represents the arch principle, which does not recognize 
any particular form chords, but depends the conditions the 
supports. Thus, for instance, girder truss with parallél and 
horizontal chords still governed the arch principle, the p'ane 
contact the supports inclined. 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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While the first type, with vertical reactions, properly used for 
very great spans, the second type not economical for ordinary 
lengths, but most suitable for such spans are here under con- 
sideration, fact, the only type for the maxi- 
mum length span which practicable. 

The cantilever truss, which notable example the first type, 
will first considered. not say that, for 
very long span, such truss should never built, because there may 
isolated cases where would acceptable, but does say that, 
principles, the cantilever truss not any means the most 
desirable the many forms which may designed for very long 
spans. one insists great rigidity and, comparatively speaking, 
small deflections, and especially economy, one must look for 
other trusses; the advantage that the cantilever trusses can erected 
without falseworks shared other forms. Still another point 
noted refers the secondary stresses which trusses every 
kind are subjected. cantilever truss particularly that 
part above and adjacent the pier which susceptible severe 
secondary stresses, and, quite generally speaking, the selection 
truss should made with due regard these stresses. Wherever 
high secondary stresses may expected (and also doubtful cases) 
the designer should take account them. The assumption that, 
such cases, this matter settled the simple expedient little 
reduction the amount the unit stresses, may convenient and 
comfortable, but certainly quite insufficient. there 
doubt that the designer bridge any obliged give 
satisfactory appearance, but the most that can said 
bridge that the configuration its. trusses may 

Another type the continuous truss, which may 
built sound. rock foundation can Having naturally 
very great mass for long span, would be. exceedingly sensitive 
the displacement its supports, and therefore great care should 
taken building its masonry, avoid large surplus metal 
meet any possible changes the stresses. The secondary stresses 
continuous truss run rather high, especially those parts which 
are over the supports. The tonnage steel required not particularly 
attractive, compared with others, but superior cantilever 
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truss point stiffness and deflection, the latter being considerably 
smaller than cantilever truss. From esthetic point view, 
the continuous truss just difficult treat the cantilever truss. 

There are still other forms from which the designer may select. 
For example, may choose truss having four points support, 
connection with wire cables chains, and may fasten the ends these 
the ends the truss produce vertical reactions; but, whatever 
may choose this line will fail give the desired results. The 
satisfactory solution the problem points some other direction. 

Trusses the second type, with inclined reactions, will next 
considered. These are represented suspension and arch bridges, and 
show multitude variations; they differ essential details and 
their relations statics; and, they are statically indeterminate, 
they share peculiarity which common all such structures. 
Apart from the fact that the analysis their stresses derived from 
the same point view, the run their stresses more uniform and 
does not show such violent changes are sometimes observed 
statically determinate structures, fact which may practical 
value. 

suspension bridge would solve the problem, provided great care 
was taken its design railroad bridge, but the writer does not 
consider the best solution. Skilfully designed, the bridge proper 
shows economy and has pleasing appearance, but also has dis- 
advantages. Tle tonnage influenced considerably the anchor 
chains and anchorages, and particularly the towers and the general 
stiffness. Further, noted that the effects due temperature 
changes and yielding the anchorage masonry, and also the deflec- 
tions, are considerably greater suspension bridges than arches. 
very difficult inspect the anchorages, which serious draw- 
back, the safety the bridge dependent them, and the 
anchorage masonry very costly item. 

bridge with hinge the center the span 
rejected, shows excessive deflections and lack stiffness, which 
are obstacles trains. Continuous trusses are preferred 

Attention now called arches. somewhat strange that 
these bridges have never been highly developed America other 
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forms bridges. does not appear necessary discuss 
detail the various forms arches which are practically possible, 
the contrary, some general statements will suffice. Spandrel arch 
bridges are excluded from consideration, for technical and esthetic 
reasons, and also the three-hinged arch has the same objection- 
able features the suspension bridge with center hinge. Further, 
any arch which throws the thrust against the river piers must 
excluded. 
The two-hinged arch rib deserves very careful consideration, pro- 
vided its form properly chosen and given the necessary depth, 
remarkably stiff and safe structure, with small deflections, 
only influenced moderately temperature changes, and therefore 
well suited for railroad purposes. Arch bridges very long spans 
are more economical than other truss bridges, which well shown 
the crescent arch. Moreover, this rib, great depth, favorable 
truss regard secondary stresses which, stated before, should 
given due consideration before particular truss selected. 
the present case would admissible, for the calculation sec- 
ondary stresses, assume the moments inertia the web members 
equal zero, that the moments two adjacent chord sections are 
equal each other. account the points just stated, the crescent 
rib selected being very fit type for the purpose, not merely for 
technical, but also for esthetic reasons, which shown later. 
This statement does not imply that other truss types are unworthy 
study. The engineering features the subject will taken first, 
and then some remarks will given the esthetics bridges. 
The writer has made estimates weights for bridges widely 
different designs, three arch bridges, cantilever, and suspension 
bridge. that these are, necessity, only approximate, 
exact estimates can based only complete designs. These 
estimates ‘are naturally governed the same conditions, but, under 
the present circumstances, many points, otherwise jmportant, can- 
not even touched, these conditions will stated quite briefly. 
The bridges are supposed nickel steel throughout and 
accommodate two tracks for railroad remainder 
the floor being intended for other traffic. bridge has 
central span 1800 ft. between end supports, and two shore spans, 
each 540 ft. between end supports, with two lines main trusses 
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ft. from center center. The main panels are from 


100 ft. long, and are subdivided where practicable. The railroad 
stringers are estimated for the wheel concentrations 80, and 
each the other stringers for uniformly distributed live load 
2500 per lin. ft. The assumed live load for the main trusses 
uniformly distributed load 16000 lb. per lin. ft. per span, and 
infinite length, and cut into sections, where necessary, 
obtain the maximum The effects dead and live load, 
impact, braking forces, wind pressure, change temperature, and 
secondary stresses have been considered. For the main trusses, 
limit stress 30000 lb. per sq. in. has been assumed, and properly 
reduced for compression members, covering the stresses due dead 
and live load, impact, and temperature; and for combination all 
the stresses previously mentioned, limit 37500 per sq. in. 
The stresses the floor, suspenders, and posts outside the main 
trusses, are supposed least 20% less than the above limits. 
For the suspension bridge the stresses the cables are assumed 
60000 and 75000 Ib. per sq. in., corresponding those for nickel 


steel. These unit stresses are immaterial, the comparative bridge 


weights are the objects sought. 

Each the three forms arch bridges considered, called 
and Plate has each line trusses arranged 
follows: 

arch ribs, all three ribs coupled; 

B.—Central crescent arch rib and two simple side trusses with 

horizontal bottom chords, all three trusses coupled; 

C.—Two side trusses, each 940 ft. long, carrying cres- 

cent arch rib 1000 ft. between end hinges. 


these three structures statically indeterminate the 
first degree, and each assumed have fixed hinges the shore 
masonry and roller shoes the piers, that the thrust delivered 
the shore instead the pier, obvious and great advantage. 
The ends the trusses over the piers have common hinge, 
have separated hinges, but either case common roller shoe. 
The small horizontal force due the frictional resistance the roller 
shoes may disregarded. 

Bridge the rise the bottom chords the river and shore 
trusses above the springing line 250 ft. and ft., respectively, 
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and the depth the trusses their 110 ft. and ft. The 
clear height above high water assumed 150 ft. for distance 
from 1200 1300 ft. Both chords each truss are parabolic. The 
floor consists floor-beams and stringers, and its loads are transferred 
the main trusses, partly suspenders and partly vertical posts. 
Provision made for wind bracing with wind chords the plane 
the floor, and wind bracings between the bottom chords each 
span, also vertical sway bracings every panel point. These bracings, 
together with two main trusses, form truss space; they make the 
structural system complete and stiff, and, besides, they have the advan- 
tage giving the construction lighter and better appearance. 

All questions relating wind forces are more less problematic, 
but they should not made more comfortable assumptions which 
are not free from criticism. The effect the wind force such 
large structure very important, and, the overhead bracing this 
case curved plane, computations can and should used which 
will allow one judge the axial stresses, not only the chords, 
but also the web members the trusses. Bending stresses due 
wind force are secondary consideration. 

The general character the 1000-ft. and the 540-ft. arch ribs 

The trusses the deck spans Bridge have supposed depth 
about 120 ft., and the cantilever trusses Bridge depth 
about 220 ft. over the piers. 

further assumed that the cantilever bridge with vertical reac- 
tions has suspended span about 700 ft. and height trusses 
over the piers about 300 ft., while the suspension bridge has stiffen- 
ing trusses with parallel chords, but the end spans are not suspended 
from the cables. The dip the latter 250 ft. 

The structural work for all bridges supposed simple 
design, and conform the best practice to-day. 

The estimates the probable weights these five bridges give the 
following results: 
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might have been expected, the cantilever bridge the heaviest. 
This tonnage steel required for cantilever bridge excessive, and 
explanation this fact found the cantilever principle itself, 
its use involves very crude way controlling great forces. 

The suspended structure suspension bridge economical 
construction, but when considered that anchorages, anchor chains, 
and particularly gigantic towers more than 400 ft. height are re- 
quired enable the structure its work, not surprising find 
most the economy steel wiped out. any case, high degree 
efficiency and safety will cost very dearly. 

Comparing the weights per linear foot the cantilever spans with 
vertical reactions with those the side spans Bridge found 
that they amount tons both cases, but this weight does not in- 
clude the influence the anchorages and tower footings the canti- 
lever spans the truss bearings Bridge The economy the 
latter consists the weight the central span, which 24000 tons 
without truss bearings. The writer the opinion that, owing 
their massiveness, the shore spans Bridge although their length 
compared with that the river span 3:10, harmonize perfectly 
with their function carrying vertical loads and great thrust. For 
particularly heavy bridge such this one, advantage gained 
building twin trusses instead single trusses for the short spans, 
which would facilitate the work the shop and the field. 

can seen glance that the weight Bridge must less 
than that Bridge because, the former, the thrust taken 
the most direct way the horizontal bottom chords the side spans. 

The weight Bridge accounted for the economy the 
arch span, estimated 9500 tons, and the combined influence this 
weight and the thrust the arch the weight the cantilever 
trusses, the configuration which, naturally, also plays 
arch and short cantilever arms insure this bridge consid- 
erable stiffness with moderate deflections, and the designer succeeds 
giving the cantilever trusses inclination downward toward the 
shore, much the better. 

actually designing such bridges, very thorough consideration 
should given the depth the trusses; and investigation should 
made the ratio length between shore and river span and 
between cantilever arm and suspended arch, from both economical and 
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points view. The writer’s principal aim consists laying 
the reader the principles involved these structures, rather 
than their weights. 

The possibilities arched steel ribs are far reaching, and not 
depend the fact that special brands steel may used their 
construction. would not surprising arch bridge suitable 
was easily victorious competition with stiffened suspension 
having main span far exceeding 800 ft.; but discussion 
such large spans, together with their erection, beyond the scope 
this paper. 

The stability the central span against wind pressure has 
examined. Under the assumption that the two trusses the 
unloaded arch, two sets suspenders and posts, and solid floor ft. 
deep are exposed the action horizontal wind force lb. per 
sq. ft., the total pressure was found about 2400 tons and the 
resisting moment about two and one-half times greater than the wind 
moment. The stability this span further increased small 
degree its anchorage the piers and its connections with the end 
spans. 

The safety bridge, being paramount importance, deserves 
the most thorough examination from all points view. The safety 
suspension bridge has been referred being dependent the fixity 
its anchorage masonry, and, any case, that such bridge far 
more sensitive yielding its supports than arch bridge. Some 
suppositions will now made which may appear extraordinary, but 
which the writer thinks will bring out the point concerning the effects 
yielding supports. Let assumed that the depth the 
rib Bridge changed one-tenth the span, that is, 180 ft. 
its and, further, that its form selected correspond 
the moments, but that essential change made the weight 
the span. If, this condition, the abutments would yield the 
extent reducing the thrust zero, that the trusses all three 
spans would act with only vertical reactions, even then the central ribs 
under their own weights would survive the injury, but stressing the 
steel nearly the elastic limit, the shore spans, course, suffering 
far less, nothing all, the case might be. These spans are 
intended carry great thrust addition their own loads, and 
are therefore abundantly able take care themselves, even with 
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vertical reactions exclusively. Although the reduction the thrust 
zero may improbable, its realization, nevertheless, within the 
range possibilities, for example, earthquake. Similar remarks 
hold true for Bridge 

Under like assumptions and circumstances, suspension bridge 
would doomed destruction long before the pull the anchor 
chains reached the zero value. The point the writer wishes make 
that the safety suspension bridge against the consequences 
any pronounced yielding the masonry incomparably less than that 
arch bridge with extra deep crescent ribs. 

case severe injury the shore masonry, bridges with very 
deep arch ribs also show far greater safety against collapse com- 
pared with common cantilever bridges spandrel arches. The peculiar 
configuration these latter trusses irrational when considered 
that shows the least depth its center where should maximum 
for any reduction the thrust; and, course, the greater this reduc- 
tion the greater the danger from excessive stresses. Deep crescent 
arches any the bridges, meet natural way the 
conditions safety, contradistinction the suspension 
and common bridge and the spandrel arch. 

Before this part the paper necessary refer 
the manner erecting the central spans arch bridges. The 
smaller spans Bridge erected guyed cantilevers, but the 
writer the opinion that the erection the longer span best 
effected falseworks, for many end panels advisable, and 
guyed cantilever, necessary, for the remainder the span. Should 
found impracticable carry the end panels the longer span 
falseworks, then the ribs could erected guyed cantilevers, 
the construction more than two trusses might considered, 
would reduce the weight the trusses and ease their erection. Con- 
venient places anchorage may found the heavy end spans. 

Although the erection arch span can effected suc- 
cessfully, is, nevertheless, very serious problem, and connected 
with risks great enough make extraordinary means appear 
necessity. this account the writer would like have discussion 
certain features design—provided they are permitted proper— 
which are intended reduce greatly the difficulties and risks connected 
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with the erection such large span, and the same time insure 
other advantages. 

Assume arched truss connection with wire cable 
permanent carrying member, the ends which are fixed the same 
manner suspension bridge. such.a case within the range 
possibilities that the slackening the cables will expose the truss 
the danger overstressing; but, means are taken remove this 
danger entirely such design may considered admissible. For 
instance, the difficulty may overcome fixing one end the cable 
and providing the other end with counterweight, using counter- 
weights unequal magnitude and avoiding the fixity the cables 
altogether, counterweights the same magnitude, one them 
being anchored. 

notable example the use counterweights furnished the 
Suspension Bridge across the Elbe, Germany, bridge 
having total length about 880 ft., that is, 480 ft. for the central 
span and 200 ft. for each side span. noted, however, that 
this the counterweights are intended for purpose different 
from that proposed herein. 

Counterweights bridge such characterized not change the 
statical nature the trusses. They are known quantities, therefore 
the stresses the cables and suspenders are known and constant quan- 
tities. The size these weights may controlled proper arrange- 
ments lever 

The advantages connected with such construction may sum- 
marized follows: 


1.—The cables take part the load from the trusses, that the 
compression members are very considerably reduced size; 

2.—The counterweights are open inspection, matter un- 
doubted and great importance; 

3.—The cables are free from temperature stresses; 

4.—The safety the bridge against collapse increased; and 

5.—The bridge can erected manner similar that 
suspension bridge. 


The other part the problem esthetic character, and 
important enough deserve very careful examination, account 
the unusual size the bridges. Observations have led the writer 
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believe that judgments esthetic questions are very much 
variance, that discussion the principal points this subject 
seems timely, especially the writer not aware that these 
points have ever been brought very prominently before this Society. 

the nature things, the design bridge must first fulfill all 
necessary technical and economical requirements before the esthetic 
side the problem taken up, and, consequently natural that the 
freedom the bridge engineer esthetic questions more less 
limited; therefore, whenever opportunity presents itself, should 
not let pass, but, either alone, has the necessary qualifications, 
co-operation with architect trained bridge esthetics, 
should endeavor produce work which will find general approval. 

this brief discussion the writer refers particularly arch 
bridge, but the endeavor make his meaning clearer, necessary 
state some facts which are general character. 

The esthetic effect arch bridge enhanced several condi- 
tions are realized, but the simultaneous existence these rarity. 
These conditions consist the symmetry the structure; odd 
number spans and decrease their length from the middle the 
bridge toward the ends; there more than one span, the passing 
the floor across the crown crowns the arches; and, moreover, for 
highway bridge, gentle rise the floor from the ends toward the 
middle. these conditions appear, they are nevertheless 
accidentals, and cannot put forward the cause the satisfaction 
felt viewing structure; the finding the true cause 
this satisfaction, however, the vital point the discussion, carrying 
with hint shape design that will esthetically effective. 

Fitness cannot regarded causing the esthetic effect bridge, 
because bridge may perfectly fit for the purpose intended and 
ugly the same time; or, its effect may esthetically satisfactory, 
while may entirely unfit for its purpose. 

Decoration another element considered bridge design, 
but mere addition, going beyond the utility structure. Forms 
art, properly designed and wisely distributed, contribute the 
appearance bridge, but they not indicate the reason for real 
esthetic satisfaction. embellishments can only appreciated 
close range, and are dwarfed into insignificance, bridge viewed 
from distance; but, the full effect structure can only had from 
proper distance. 
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quite natural suppose that the arch has something 
with the question, and certainly has, but, considering itself 
mere curve—it can never the cause admiration. 

Finally, may stated that neither taste nor style has any rela- 
tion this genuine satisfaction, least, not the case under con- 
sideration, will seen later. One must look some other direction 
for the conditions approval, and, fact, these can only found 
esthetic object contemplated from higher point view, but 
exposition the relations between observer and object and 
scientific explanation the esthetic phenomena not concern the 
engineer, these are problems solved metaphysics. Art not 
exclusive domain the selected few—the intellectual leaders the 
age—and only understood them. educational power—at 
least should be—for whole people, from which follows that works 
art must understood the masses considerable degree, 
they are appreciated. 

Taking this idea starting point, may asserted that the 
true arch commonly understood, and, further, that satisfies the 
esthetic feeling better than any other form bridge; and now some 
substantial statements may advanced support these assertions. 

simple fact. load acting the plane arched body—for 
instance, segment ring which supported its ends—will 
spread these ends still farther apart. This the way arch acts, 
simple phenomenon, stripped all technicalities, understood anywhere 
and everybody. The like cannot said every other form 
bridge. There are; course, some simple forms which are commonly 
understood, but they are lacking certain elements, that they will 
never surpass the arch point esthetics; not their nature 
that they should. There are also bridge forms which require some 
effort for their identification. The designer, course, knows exactly 
the way his mechanism will act, matter how complicated, but the 
masses not. However, they know the arch sight, are attracted 
it, and understand its action. 

The second assertion, containing the kernel the discussion, 
requires the presentation some facts which the writer believes 
will expose the true cause esthetic satisfaction. 

Esthetics that science which sets forth the principles art 
deduced from Nature. Looking the case the light this idea, 
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can maintained that beauty the works the engineer, 
Nature, springs from the same source, and that both cases (dis- 
regarding some elements importance) consists principally 
the manifestation physical The more clearly and per- 
the relations between these forces are expressed the works 
the engineer, or, other words, the more closely his constructions 
approach idealization these relations, between strength, load, 
and resistance, the more powerful will the effect. 
effective manifestation the physical forces, however, dependent 
certain conditions which, fulfilled, greatly enhance the esthetic 
effect. These conditions are mainly objective character, and they 
are: Intensity expression, extension size, uncommonness, and 
energy. 

Take, for example, the force gravity acting upon every substance. 
Its expression stone and steel more intense than the lighter 
materials, and precisely for this reason that stone steel 
bridge more pleasing than wooden bridge. 

Size plays great and, fact, may source the 
keenest pleasure. bridge any kind built very large gives 
favorable impression, while the same bridge built small 
represented model creates only indifference. 

The first two conditions, course, are complied with any great 
bridge, but the case different with the last conditions. 

excite interest. force like that gravity acting along 
vertical line common phenomenon, constantly before our eyes, 
that has ceased interest us, certainly not any marked degree, 
while, the contrary, the appearance inclined horizontal forces 
strike the mind something new, and awaken interest. These latter 
are observed those bridge forms which are governed the 
arch principle. 

The particular point, however, which attention the 
idea energy, for form bridge this idea irresistibly 
upon the mind the true arch, built either steel stone. 

The beholder arch can see with his mind’s eye the physical 
putting forth all their power spread the ends the arch still 
farther, flinging thrust sideways against the supports meet its 
this fight for supremacy, between opposing forces, 
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the display the tensest energy, the strength the arch action, 
the parry thrust and its safe guidance the earth, which ever 
appeal the imagination and reveal the beauty. Try one will, 
one cannot ignore that thrust. must have been this activity the 
arch which gave rise the significant and striking saying* the old 
Hindus: “The arch never sleeps.” 

flat arch long span the activity the material highly pro- 
and the struggle forces strenuous that one actually 
speaks the boldness the construction. 

correct see the arch principle the way arch 
acts the true cause esthetic satisfaction, then this explains why 
bridges without this principle suffer loss esthetic effect, even 
the point its complete disappearance. Take illustration 
truss with vertical reactions, but built like arch. the arch 
principle has been severed from the arch line, the life has been taken 
out the structure, has been converted into sham, and the esthetic 
effect lost. 

viewing great truss bridge with vertical reactions, the con- 
sciousness the activity the steel not any means vivid 
with arch; may quite feeble, and may even extinct. 
One impressed with the size and strength the structure, but 
strength repose—a giant asleep. 

the cantilever principle, embodied the common cantilever 
bridge, were exposed its nudity the mind the observer, the 
carrying the suspended span the cantilever arms would produce 
him feeling insecurity—of possible disaster. The prevention 
this feeling accomplished trick played his imagination 
making the trusses appear continuous, and, the same time, 
effectively confusing his understanding their true action. 

suspension bridge, properly designed every respect, hand- 
some structure, although some features are its disadvantage 
sense. steel bent tower, for instance, carrying the cables 
and anchored down its base, contradicts the function column, 
column intended carry only vertical loads, and should 
not subjected the action horizontal forces. Hinged ends and 
corresponding outlines the tower bent indicate, therefore, 
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improved appearance. The layman’s idea the action stiffening 
truss anything but clear, and, owing his limited knowledge the 
great carrying capacity wire cable, must appear him 
rather slender member carry the great loads which may put 
long span. Further, these cables extend considerable length across 
river one side from the top tower, while toward the shore 
they are much shorter. Here the layman confronted with puzzle 
which possibly can solve only after long and very careful cogita- 
tion. The unequal lengths cable with respect the two sides 
tower make difficult for him balance the forces and when, with 
his eye, follows the cable toward the shore sees suddenly vanish 


somewhere down into the earth, the opposing forces are 


hidden from his observation. Indeed, neither the action sus- 
pension bridge easily understood nor the energy displayed such 
high degree with the arch, where the struggle forces 
thrown into bold and naked relief. 

The question which form arch deserves preference point 
esthetics presents itself natural, and, order reach decision 
only necessary compare arched rib with spandrel arch. 
Even the untrained observer satisfied with the arched rib repre- 
senting physical symbol the arch line existing his imagination, 
especially the rib has constant depth, but finds difficult 
obtain realization the arched line the spandrel arch. The 
peculiar configuration this truss deprives considerable degree 
its character arch, and this fact, coupled with the discovery 
the smallest depth the center the span, where least expected, 
the cause confusion his mind. The abrupt termination the 
spandrel arch, that is, the perpendicularity its high ends, obscures 
the expression thrust, while the crescent arch, which the two 
chords converge toward the springing line, form 
suited for the expression powerful and penetrating thrust which 
parried the quiet strength the support. 

seen, then, that, from the viewpoint esthetics, the spandrel 
arch unfit for large spans, and should only used for small ones, 
while the arched rib must considered the correct form. Here the 
transfer the loads the rib posts suspenders, and also the 
power the rib carry these loads, expressed clearly and unmis- 
takably, the spandrel arch. 
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The superiority the crescent rib over other forms trusses 
certain cases should prompt engineer give careful consid- 
eration. Properly designed, very efficient, safe, and economical; 
its free span length can pushed far enough satisfy any demand 
which likely put forward, and, point esthetics, the arch 
bridge has equal. The writer considers the ribbed arch source 
the tensest energy, and, fact, the only source energy the 
command the bridge engineer. 

The writer’s investigations have led him the conclusion that 
skilfully designed arch bridge superior every respect any 
cantilever suspension bridge, and this account has offered 
these few suggestions. There are still other trussed arch bridges worthy 
study which deliver the thrust against the shore masonry instead 
against the river piers, and are essentially different from those con- 
sidered herein, but, the writer made investigation them (from 
lack time), they are not presented for discussion. 

ideal solution the problem requires exhaustive studies 
great number designs. body engineers charged with such 
work would have its hands full, but, not hampered financial con- 
siderations, the result would bridge which could hardly sur- 
passed. 

investigation with view determine the greatest feasible 
length span arch rib has never been made. Such length 
largely dependent the method erection, which, turn, may 
influence the character the design. 


~ 
4 
4 
) 
> 
t 
> 
a 


Vol. XXXVI. SEPTEMBER, 1910. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


RUST, SHOWN THE REMOVAL 
SEVENTEEN-STORY BUILDING.* 


The Gillender Building, seventeen-story structure the north- 
west corner Wall and Nassau Streets, New York City, was built 
1896, and removed 1910. 

When built, all the columns were encased solid brickwork. The 
steelwork received one coat paint the shop and two after erec- 
tion, but removal, showed little evidence ever having been painted 
all. 

From the top the bottom, wherever the spaces between the brick 
and steel were filled with Portland cement mortar, there was rust- 
ing, but, wherever the mortar did not fill such spaces completely, rust- 
ing had begun. Generally, the under sides the top and bottom 
flanges the floor-beams had begun show rust, while the web and 
upper surfaces, having been contact with mortar, were good 
condition. 

The worst rusting all was from the sixth floor down, the 
northeast corner, where the columns had been against the adjoining 
building, the north side. The cover-plates these columns looked 
they had never been painted, but had stood the open, exposed 
all weather, for years. these columns one-half, volume, 
many rivet heads could easily removed. 


This paper will not presented any meeting, but written 
the subject are invited for publication with Transactions. 
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This building had been erected first-class contractors and with 
first-class materials; and although the rusting had not yet made the 
building unsafe, there telling how soon would have become so. 

would seem that the columns had been encased and filled with 
wet concrete there would have been little danger rust, and they 
could thus have been easily protected from electrolysis. Oil oil 
paints should not placed steel thus encased. 

Messrs. Trowbridge and Livingston are the architects for the 
thirty-nine-story Bankers’ Trust Building which will take the place 
the Gillender Building, and Messrs. Mare and Son are the 
contractors, whom the writer gives his thanks. 
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THE FAILURE THE YUBA RIVER DEBRIS 
BARRIER, AND THE EFFORTS MADE 
FOR ITS MAINTENANCE. 


The structure the Yuba River which has been commonly known 

“The was one those forming the system works 
restrain the movement hydraulic mining débris down the Yuba and 
into the Feather and Sacramento Rivers. Some portions this sys- 
tem are now operation, and others are course construction. 
general description the project and its several constituent 
parts, including details construction and photographs, may found 
paper, entitled “The Control Hydraulic Mining California 
E., Major, Corps Engineers, Army. The reader referred 
this paper for history the experiments leading the design 
and construction this barrier. 
The barrier failed the night March 17th and 18th, 1907, 
during the unprecedented flood that set new standards flood 
heights and stream flow, the Sacramento River and all its tribu- 
taries, for engineers dealing with reclamation and flood control prob- 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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lems. This flood forms the subject paper, Messrs. Clapp, 
Murphy, and Martin, entitled “The Flood March, 1907, the 
Sacramento and San Joaquin River Basins, California.” 

The writer’s connection with the Yuba River works began about 
the time the contract for the second step the barrier was let. Under 
the direction the California Débris Commission, his efforts, 
far that structure was concerned, were directed toward maintaining 
and safeguarding it. Notwithstanding its unfortunate destruction, 
engineers still manifest considerable interest the barrier, well 
other features the system débris restraining works. This fact, 
together with special request the Board Directors the San 
Francisco Association Members the American Society Civil 
Engineers, has induced the writer prepare this paper, the hope 
that something advantage the Engineering Profession may 
gained its presentation. 


stated Major Harts, two steps the dam were built, ft. and 
ft., respectively, making total ft. above what was the bed 
the river when the first step was built. The first step was backed 


tailings the occurrence the first high water after its com- 
pletion. Likewise, during the first flood following the completion 
the second step, tailings banked its crest, and subsequent high 
waters carried large quantities gravel over the dam, which caused 
considerable wear the concrete surface. the same time, the 
water, with its increased velocity, due its drop, caused extensive 
scour the toe. 

1906, was decided not raise the dam additional step, 
but devote all the energy possible excavating spillway and con- 
structing the side-wall for it, and increasing the output the 
quarry maximum for use toe protection. 

The Yuba River, the flow which ranges from minimum 
about 400 sec-ft. summer maximum 125000 sec-ft. during 
extreme floods, maintained, during May and June and well into 
July, 1906, flow between and 20000 sec-ft. account 
the arrest the passage débris the dam, which would continue 
effective, though lessening degree, until the accumulation 
above had been built slope approximately parallel the 
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former slope the river bed (about ft. per mile this point), 
the flowing water, thus relieved its load above the dam, was able 
pick new one below and scour out channel down-stream from the 
dam sufficient prevent water-cushion from forming there, which 
would have served some protection against further undermining 
action. 

the more than 5000 tons large rock placed the toe the 
barrier 1905, comparatively little remained sight June the 
next year, the scouring action having buried the gravel. The 
depth which scouring action extended was some places great 
ft. The undermining the gravel from behind the plank bulk- 
heading the first row piles extended back under the dam irregu- 
larly, some places far ft. The surface the river above 
the dam was ft. above the lower part the undermined face, but 
the fact that there was little evidence seepage showed the 
density this natural hydraulic fill. During the summer 1906 this 
was filled with rock placed hand, and about 3500 tons 
large rock were added the rock apron, the theory which this work 
was continued being that, the high-water periods during ex- 
cessive erosion occurred were separated several months’ time, 
would possible after each flood restore the settled rock fill 
grade the addition new material, and that this process could 
continued until the barrier had been raised its final height. 
reaching this point, the spillway, designed, would have sufficient 
capacity carry the entire flow the river except during very few 
days each year. 

How vital the maintenance the barrier the construction the 
spillway was recognized shown the following consideration. 
The nearest down-stream point which would limit positively the depth 
scour above was Daguerre Point Cut, miles away, the sill 
which was Elevation 125. The concrete apron the toe the 
barrier was Elevation 195. If, reason holding back the supply 
gravel above, the scour continued below until slope flat ft. 
per mile from Daguerre Point was reached, would then have 
stood ft. above the bed the river. The projected height would 
thus have been reached, but building downward rather than upward. 
Bed-rock the old channel the river probably about Elevation 
140, ft. below the concrete apron the dam. 
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During 1906, addition repairing the damage the toe and 
placing the large rock previously mentioned, spillway, ft. wide 
(150 ft. wide the entrance) was excavated, and concrete side-wall 
for it, ft. long, founded solid rock, was built. The spillway and 
wall foundation required the excavation 2500 cu. yd. rock and 
cu. yd. earth. new railway track, steel rails, 3-ft. 
eauge, and nearly level gradient, was constructed from the barrier 
the quarry mile), and cars, derricks, additional hoisting engine, 
ete., were acquired order that future the Government might save 
the expense the long haul contractor’s plant when change 
contractors occurred. 

The first step the spillway afforded very little relief floods, 
was capable carrying the entire dry-weather flow, and would 
great service constructing additional steps the barrier, 
the difficulties making the closure and turning the water over the 
completed structure when the first, and much less extent, when 
the second step was built, would avoided. 

the time the work the season 1906 had been completed the 
engineers charge the Yuba River work had become convinced that 
the attempt increase materially the storage débris raising the 
barrier several additional steps, planned, would hazardous the 
structure until spillway the full capacity finally contemplated had 
been constructed. may well note that the usual risk inter- 
ests along watercourse below reservoir dam questionable stability 
did not exist here, because time was any considerable volume 
water impounded. 

designing Yuba River works, the maximum flow had 
been assumed 125000 sec-ft., which was from 50% greater 
than the probable maximum, indicated available records. This 
discharge, however, was nearly, not quite, reached during the 1907 
flood. This meant depth water more than ft. over the 225-ft. 
the barrier. flood anything like this volume, however, 
continues for but few hours, and flow one-quarter that amount 
never continues more than few days. The site the spillway was 
steep hillside, necessitating much larger amount excavation 
give cross-section sufficient carry the desired flow sec-ft. 
below the level the crest the barrier than would have been the 
case could the barrier have been first built its projected height. 
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the further movement large quantities gravel over the concrete 
surface the dam, already backed crest, was then known 
fraught with serious consequences, was decided widen the spill- 
way, without materially raising its floor, and build one additional 
step the barrier, which would increase the depth water the 
spillway its own height and, account the large flow through 
the spillway, would not banked tailings its crest, except 
possibly its north farther end. 

order that the extensive work contemplated might done dur- 
ing the season 1907, plans were prepared contract let much 
earlier the season than had been customary previous contracts. 
February 23d contract was awarded for building third step 
the barrier, ft. high, enlarging the spillway, extending both the spill- 
way side-wall and the north abutment, constructing sill across the 
spillway, and placing large rock the toe the barrier. The general 
plan for this work shown Plate The approximate quan- 
tities were follows: 


Rock fill, sluicing sand and 

7000 tons 
Large rock for toe protection............ 000 tons 
Expanded metal............ 2700 Ib. 


The approximate estimate cost was $124 000. 

Work was started once. The contractor made arrangements with 
water company for water, delivered point above the site 
the work, which would give 100-ft. head; and plant was partly 
installed for making the earth excavation the spillway using 
jet and sluicing. The necessary stripping the quarry was commenced. 

From January 31st February there was severe storm. The 
flow the river, deduced from depths the barrier and the 
spillway, rose 80000 sec-ft., and large volume gravel passed 
over the dam. The water continued too high permit 
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examination the structure, but its appearance, viewed 
from either end, did not differ noticeably after this flood from that 
before. fact, the rate scour the toe seems have been greater 
somewhat lower stages than maximum flood stage, the reason 
being that the outlet channel from the pocket eroded from below the 
toe was insufficient capacity carry the flood without backing 
considerable extent, thus forming water-cushion. 

Had this February flood been the last the season, might rea- 
sonably have been expected, the barrier would probably have been still 
standing, with but little doubt its permanency, the main- 


tenance would have been much simpler matter after the completion 
the contract then force. However, the disastrous flood already 
referred to, which was greater volume than had ever theretofore 
been reliably recorded, March, and during the night 
the 17th and 18th that month about one-half the barrier was 
swept away. The contractor’s camp was not more than 500 ft. distant, 
but one there knew the failure until the next morning. Water 


marks the vicinity showed that before failure the depth the crest 
was 7.5 ft. the south end and 6.5 ft. the north end. 

When seen the writer, few days later, the river-bed through 
the breach presented the same smooth gravel surface that had marked 
before the barrier was started, with only one two piles, having 
pieces the wire rope anchorage attached, projecting above the sur- 
face, about 100 ft. down stream from the line the dam. 

Either two causes may have been immediately responsible for 
the failure: first, the undermining the structure back-lash; or, 
second, the wearing away the concrete surface the apron and 
first step, in. thick, thus permitting the rapid washing out the 
rubble rock fill. There was not time, nor did the flow the river 
diminish enough between the two floods February and March, 
permit any addition being made the rock fill the toe the 
dam, any repairs the concrete surface. 

Considering the conditions the toe the dam the day before 
the failure, reported reliable witnesses, and the appearance 
that part the structure still standing, which adjoined the part 
washed out, the writer convinced that the concrete surface for 
considerable length was literally worn away the great quantity 
hard quartz cobbles and gravel which passed over it. 
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Plates CLXIV CLXVIII show the conditions the barrier 
during the and fall preceding, and the spring following the 
failure. 

Some notes the design the spillway, shown Plate 
CLXIII, may interest. The stepped form the cross-section 
the side-wall due the fact that was originally designed with 
special reference future enlargement the requirements dam 
ft. higher than that the modified plan. The spillway was de- 
signed carry 000 sec-ft. water before any passed over the bar- 
rier. For different depths water the crest the barrier, the 


total discharge the river would distributed approximately 
shown Table 


TABLE 
Depth barrier. Total discharge. 
3 24 000 29 300 58 300 
000 100 107 100 
000 600 128 600 


comparison these estimated capacities with the actual esti- 
mated flow the river, determined from gauge heights the 
barrier, indicates that, had this spillway been constructed, water would 
have flowed over the barrier during the period from July, 1905, 
March, 1907, only days January, days March, day 
May, and days June, 1906, and days January, days 
February, and days March, 1907. The depth the the 
barrier would have exceeded ft. only days January, 1906, 
and days January, days February, and days March, 
1907. would have exceeded ft. only days January, 1906, 
and day January, days February, and days March, 
1907. Considering the fact that practically all the occurred 
when the depth the crest was between and ft., will seen 
that, with the spillway completed, the period scour would limited 
very few days, even during such flood season that 1907; 
and should remembered that that record had not been made when 
the spillway was 
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The hillside through which the spillway excavation was made 
had slope about 1:5 and was very irregular formation. The 
south abutment the barrier was founded ledge hard blue 
rock, either trap diorite, having specific gravity nearly 3.1. The 
rocks the hillside consisted boulders and the pinna- 
cles which are characteristic this region and which, below the sur- 
face, vary structure from hard trap soft chloritic rock ser- 
pentine, and decomposed rock and clay. When sinking drill holes 
this formation difference ft. position would frequently 
make difference many feet depth hard rock, and even then 
there was assurance that ledge had been reached. For this reason 
the exact location the sill was left indeterminate. was 
located far stream suitable foundation would permit. The 
crest this sill, ft. wide, was ft. below the crest the new 
step the barrier. The concrete surface was then have drop 
ft., 45° slope, followed 3-ft. level surface. From this point 
the floor the spillway was have gradient 1.25 per cent. The 
plan the spillway and the gradient were adjusted give the greatest 
capacity for the least amount excavation. 

determining the widths the spillway successive sections, 
the depth was assumed constant and the velocity was calculated 
formula which the writer found developed paper, entitled 
“The Velocity Water Flowing Down Steep 
Hill, Inst. The formula was simplified the writer the 


form 


where the usual formula for velocity watercourses, 
the velocity, due gravity, body falling freely, 
the velocity approach, and 
the base the Napierian logarithms 2.718. 


This formula based two assumptions: that the experimental 
values the ordinary watercourse formula are applicable high 
velocities; and that, within narrow limits, the hydraulic mean radius 
may taken constant its mean value. The mathematical deriva- 
tion this formula somewhat involved, but all the steps were 
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checked the writer, and believes that gives safe results. The 
velocity water flowing channel steep slope will, course, 
continue increase until the acceleration due gravity counter- 
acted the increased frictional resistance. When this point 
should. 

That the applicability this formula not limited slopes 
small degree shown the fact that for high values for in- 
stance (45° slope) (vertical drop), substituting 
numerical values for and reduces the expression the form 
which but little less than 29H and almost 
unity; that is, the value very little less than 
which would its value were influenced gravity alone. 

Applying this formula the barrier spillway gives the necessary 
widths successive points the tabulated below. laying 
out the spillway, these widths were departed from slightly for simplic- 
ity and for other considerations. 

Depth water above sill ft., 

Depth water below sill ft. drop) 6.3 ft., 

Value (below sill) (constant through spillway), 
Velocity water foot sill ft. per sec., 


TABLE 
8.03 0.8295 11.89 685 268 
720 24.09 0.1848 17.29 183 
$2.12 0.0498 085 178 
000 40.15 0.0066 18.5 082 172 
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The values parentheses were not computed, but were taken 
from the diagram, Fig. which shows the velocity curve. 

addition the work for the protection the barrier, already 
described, which was progress, change the form its concrete 
rollway surface was contemplated connection with the repairs 
that surface which had become necessary. When there had been but 
one step the water followed smoothly its ogee shape, but when the 
second step was constructed the increased velocity its foot 
leap over the upper curve the first, that, with its load 


gravel, struck the lower reverse curve well down toward the 
apron. The impact the water and gravel the concrete doubtless 
greatly increased the wear the latter. uniform slope the 
down-stream face would probably have carried the gravel down with 
less wear, but that form was not adopted originally because less weight 
was given that fact than the reduction the dangerously high 
velocities which the steps would effect. transform the stepped face 
uniform slope would have required excessive amount con- 
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study the path the body water leaves the horizontal 
portion several succeeding steps, assuming initial velocity 
ft. per sec., shows that, all the energy acquired each descent 
were retained, the radii curvature the convex portion each 
step, from the top down, just contact with the flowing water 
would approximately 24, 20, and ft., respectively. Assuming that 
20% the energy developed the fall over each step dissipated 
friction, the horizontal velocity the water would still such 
require radii curvature 16, and ft., respectively, for 
succeeding steps. 

connection with repairing the concrete surface the barrier, 
modification its form one approximating that shown the heavy 
broken lines the section, Plate CLXIII, was under consideration. 

The destruction the barrier and the decision use the further 
available funds along lines which gave promise greater efficiency 
restraining the movement débris than would the reconstruction 
the barrier, put end further consideration plans for its main- 
tenance. 

present, years after, the site the barrier presents substan- 
tially the same appearance did week after the failure, except 


that more the impounded tailings have washed out from the portion 
still standing. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


GEORGE HUNTINGTON THOMSON, Am. E.* 


Diep 1910. 


George Huntington Thomson was born Syracuse, Y., 1847. 
first engaged engineering work 1865 when became Assistant 
Engineer the Oswego and Syracuse Railroad (now part the 
Delaware, Lackawanna and Western Railway), which position 
remained nearly two years. then went New Orleans, La., where 
filled position Assistant Engineer Government work for 
about two years, and later became Resident Engineer the New 
Orleans, Mobile and Texas Railroad. was with the latter company 
some four years, being located Louisiana and Mississippi, and was 
finally promoted position charge yards, stations, and struc- 
tures. 

From the South went the New York Central and Hudson 
River Railroad, and was with that road for twenty-one 
years, first Assistant Engineer track work, then Engineer 
Bridges, and later Consulting Bridge Engineer. After leaving the 
service the New York Central Bridge Engineer 1893, Mr. 
Thomson engaged consulting and contracting engineering part- 
nership New York City, which continued until 1900. During 
this period was one time Chief Engineer the Metropolitan 
Traction Company, which proposed the construction elevated 
railway line New York City, project which was ultimately aban- 
doned. Among his clients Consulting Bridge Engineer were the 
New York Central and Hudson River, the Central Vermont, the St. 
Lawrence and Adirondack, and the Mohawk and Malone Railroads, and 
one time was retained the construction the Williamsburg 
Suspension Bridge over the East River between New York City and 
Brooklyn. 

1900 the engineering partnership was dissolved, after which, his 
health being broken, due largely severe injuries received rail- 
road accident, did little active work for several years. 1907 
entered the service the New York State Engineering Department 
field position the New Barge Canal. The active, outdoor work 
greatly improved his health, and gave him restored confidence and 
vigor. received several promotions, being placed, after about two 


q 
i 
7 


1238 MEMOIR GEORGE HUNTINGTON THOMSON 


years’ service, charge the execution one the contracts the 
Oswego Canal, the vicinity his first engineering work. His early 
acquaintance with the locality, combined with his ability and experi- 
ence, made him of. great value his employers the settlement 
water rights and similar problems involved the construction the 
new canal. seems, indeed, pity that this reawakened career 
activity could not have been continued and crowned with still greater 
success. The all-wise Providence ruled otherwise, however. The in- 
juries received the railroad accident many years before (1892) were 
serious that Mr. Thomson never fully recovered, and they finally 
caused his death, which occurred February 7th, 1910, his home 
Syracuse, 

During the later years his service with the New York Central 
and Hudson River Railroad, and his following consulting practice, 
Mr. Thomson gained great prominence bridge engineer. con- 
tinued the advocacy riveted truss construction, which had been 
especially developed the New York Central Railroad, and that 
road, 1888, introduced the ballasted trough floor, this being its 
first use American railways. This floor was the form rectangu- 
lar troughs, and Mr. Thomson used very extensively the design 
bridges the New York Central, the St. Lawrence and Adirondack, 
the Mohawk and Malone, the Central Vermont, and the Rutland Rail- 
roads. also developed type truss, known his name, which 
number were built the New York Central and other railroads and 
are still service. This truss consists double Warren system, 
with subdivided panels and all connections riveted. designed plate 
girders lengths that must have seemed bold for their time, there 
being one span 115 ft. in., built 1890 and still service, and 
many built the early Nineties were more than 100 ft. long. 

Mr. Thomson was early adopting steel substitute for iron 
bridge construction; examined very carefully into its manufac- 
ture, and prepared specifications for acid open-hearth steel for struc- 
tural work, which were remarkable for their scope and thoroughness. 
They called for grade material which probably not excelled 
the best product to-day. prominent bridge engineer, who knew 
him and his work well, writes: “There were few bridges built those 
times which had good material them those which put up.” 

The largest and most striking structures designed Mr. Thomson 
under his direction are the Park Avenue Viaduct and the Harlem 
River four-track draw-bridge the New York Central and Hudson 
River Railroad New York City. The former four-track elevated 
structure plate girders with ballasted trough floor, about miles 
long, and the latter probably the heaviest and perhaps the most im- 
portant draw-span the world, being ft. long, carrying four 
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tracks solid trough floor (not ballasted), containing tons 
steel, and controlling the traffic the railroad company into its New 
York terminal. 

Mr. Thomson, before suggested, was strong advocate riveted 
versus pin-connected trusses, and may said have been violent 
opponent the latter. designed and built riveted lattice trusses 
230 ft. span (single-track, Bridge No. 31, Central Vermont Rail- 
road, Thomson-type trusses), advocated their construction 250 ft. 
span, and said have designed single-track riveted truss 500 
ft. span, which, however, was not built. Examples his designs have 
been reproduced and commended prominent textbooks bridge de- 
sign, and many were described and illustrated the technical maga- 
zines his time. 

his designing, Mr. Thomson gave great deal thought the 
action metal bridge members under stress, “structural motion,” 
it, and attempted proportion bridge members with 
such action view. studied closely the action bridges under 
live loads; was not satisfied follow the ordinary “strain sheet” 
practice, but sought provide additional methods gaining rigidity 
and permanence, accompanied with economy, structures. Some 
the important things recognized the early Nineties were the 
effect time loading members, and the unequal distortion mem- 
bers equal section but varying length. 

his “structural motion” theory, which was given considerable 
attention one time, the distortion members under 
stress changing the conditions static computations, and consid- 
ered the effect frequency loading be, even with moderate live 
loads, leading factor, well the application the maximum live 
load. Vibratory effects were also considered. This theory, which Mr. 
Thomson did not develop clearly might desired, did not lead 
directly any well-defined rules specifications for 
which there any record, but appears have the elements 
the present impact and secondary stress conceptions, which probably 
assisted develop. shows, least, Mr. Thomson’s originality 
thought, and his characteristic searching deep below the surface. 

Mr. Thomson was known and honored bridge engineer abroad 
well his own country. His papers show that, connection 
with the design and fabrication the steel for the Forth Bridge, 
was consulted the late Sir Benjamin Baker, Hon. Am. Soc. E., 
with whom contracted warm friendship. 1888 visited Eng- 
land, and, the request Sir Benjamin Baker, read paper before 
the British Association for the Advancement Science, Bath. This 
paper, entitled “Mechanical Pathology its Relation Bridge De- 
sign,” attracted much attention, and was published full, with illus- 
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trations, Engineering, under the title “American Bridge Failures.” 
contains great deal valuable information connection with the 
design bridges, derived from Mr. Thomson’s long experience, and 
sets forth his principles design. The latter are certainly remark- 
ably close agreement with the most approved practice to-day, and 
show the advanced professional position the man. 

The engineering journals received many articles from Mr. Thom- 
son’s pen, and published many descriptions his designs. Most 
these are the issues the years 1888 1894, inclusive. His most 
recent contribution was paper published Engineering News, Jan- 
uary 23d, 1908, entitled “Riveted Lattice for Railroad Bridges Max- 
imum Span: Plea for Return Rational Design.” con- 
tributed freely discussions papers this Society between 1887 
and 1899, generally connection with the design and construction 
bridges. 

Mr. Thomson was man having brilliant intellect, the ana- 
lytical type. had pleasing personality, and was captivating 
conversationalist. His honesty was unquestioned. Frank and out- 
spoken his opinions, likes, and dislikes, may have antagonized 
some, but made many warm friends, and they were the kind that 
stood him through fortune and adversity. His wife, six daughters, 
and son, the latter Junior this Society, survive him. 

Mr. Thomson was elected Member the American Society 
Civil Engineers February 2d, 1887. was also Member the 
British Institution Civil Engineers, which was elected May 


1889, being one the earliest American engineers thus 
honored. 


VARDRY ECHOLS McBEE, Jr., Assoc. Am. Soc. E.* 


June 1910. 


Vardry Echols McBee, was born Charlotte, C., 
November 24th, 1879. was the only son and Rosa 
(Brooks) McBee, South Carolina. 

Mr. McBee was graduated from the Virginia Military Institute 
1899, and immediately accepted service with the Seaboard Air Line 
Railway. became prominent the location and construction 
this railroad throughout the South, especially its extensions into 
Columbia, C., Birmingham, Ala., and Florida. 

While charge locating party the West Coast Florida, 
Mr. McBee succumbed attack paralysis, and after illness 


two weeks, died the hospital Ocala, Fla., June 20th, 
1910. 
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1907, Mr. McBee was married Miss Marie Hudgins, 
Alabama, who, with infant.daughter, his father, mother, and sister, 
left mourn his loss. 

Although taken away the early age years, Mr. McBee 
was recognized man exceptional ability and high professional 
talent. his death the Profession has lost most promising rail- 
road engineer, the country good citizen, and his friends friend 
indeed; but loving soul has returned the God that gave it. 

Mr. McBee was elected Associate Member the American 
Society Civil Engineers October 7th, 1908. 


RALPH CARROLL SOPER, Assoc. Am. Soc. E.* 
Diep 1910. 


Ralph Carroll Soper was born February 3d, 1881, South 
Royalton, Vt., which place his early education was obtained. 
was graduated from Dartmouth College with the degree 
1902, and from the Thayer School Engineering with the degree 
1904. 

Mr. Soper began his professional career with the Steel 
Company, where was employed until May, 1905. 

May 1905, Mr. Soper was appointed Engineering Aid 
the United States Reclamation Service, and assigned work the 
preliminary surveys the Shoshone Project, Wyoming. May Ist, 
1907, was advanced the grade Assistant Engineer, and as- 
signed work the Corbett Tunnel, Shoshone Project, which posi- 
tion filled until the completion the tunnel 1907. after- 
ward held various responsible assignments the Flathead and Sho- 
shone Projects and the office the Supervising Engineer. 

the evening June 16th, 1910, while pleasure trip 
motor-boat the Shoshone Reservoir, near Cody, Wyo., with four 
other employees the Reclamation Service, the boat unfortunately 
upset, and Mr. Soper and three his companions were drowned. 

Mr. Soper was possessed many sterling qualities, and commanded 
the respect his associates and those under and over him authority. 
His work all times showed great possibilities for his ultimate suc- 
cess, and his loss will much regretted the Service, from pro- 
fessional standpoint, and particularly the numerous friends and 
acquaintances which his pleasing personality and good nature had 
made for him his work. 

Mr. Soper was elected Associate Member the American Society 
Civil Engineers August 31st, 1909. 
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Early 1907 the writer began systematic study bond 
reinforced concrete flexure. This study was particularly directed 
the published reports experiments eminent American investi- 
gators reinforced concrete. The reports hand the time the 
study began were Professors Hatt, Lanza, Talbot, Howe, Turneaure, 
and Marburg, and Messrs. Humphrey, Harding, and others. Later, 
further reports were obtained from the Universities and 
Wisconsin. The files News, Engineering Record, and 
Concrete Engineering were carefully scrutinized, and other publica- 
tions were examined for data this subject. 

result this investigation the writer has proven that the 
usual assumption that reinforced concrete “practically homogene- 
ous material” not true, and follows from this that sectional 
planes before bending not remain plane surfaces after bending. 

The method analysis pursued the writer, though not along 
strictly conventional lines, laid down the current literature 
the mechanics reinforced beam, was nevertheless mathe- 
matically correct. reinforced concrete beam not like timber 
girder steel beam. really wonderful combination two 
unlike materials, each having when alone that are not 
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all evidence when the two materials are combined. Further, there 
are precedents the history the mechanics materials for 
such combination. 

The following brief synopsis the mechanics the beam 
adapted this study: 

The bending moment produced beam external forces 
resisted equal and opposing moment which developed the 
beam—-this the section moment. transverse section made 
through beam, the action the portion the right the 
portion the left may reduced two equal forces, one positive 
and the other negative, which two form couple the arm which 
the distance between their respective points application. The 
point application for the former will the centroid the com- 
pressive stresses; and the latter, the center the steel. Manifestly, 
the force acting the steel one direction, say, the right, 
equal the friction force operating the left between the steel and 
the surrounding concrete. This latter force usually called “bond,” 
but, the real bond broken very low stress compared with the 
final resistance failure, and, kind friction-resistance ensues 
after the bond broken, has been considered better call bond- 
friction-resistance. This bond-friction-resistance, therefore, may 
defined friction force which operates after incipient movement 
has taken place. The intensity the tensile stress that can 
developed the steel cross-section mainly dependent this 
bond-friction-resistance. 

The following formulas have been used: 

which the bending moment, 
the section moment, 
the unit stress the steel, 
the total area the cross-section the steel, 
the distance from the center the reinforcement the 
centroid compressive stresses, 


the average value for bond-friction-resistance per unit 


area surface rods to, say, the left the cross- 
section; 


the sum the perimeters either round square rods, 
and, the entire length the encased portion the rod the 
left the cross-section. 
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The following short history the various steps leading the 
final results that have been developed from this investigation: 

The first phenomena noted were: that perfect bond between the 
concrete and the surface the steel did not seem very lasting; 
that, after the real bond was broken, there was creeping the rods 
accompanied frictional resistance between the particles adhering 


SLIPPING RODS REINFORCED CONCRETE. 


Load 35000 


Plain Bars (Nos.16 and 17) 
Square 
Reinforcement 

0.52 


Plain Rods and 21) Plain Bars, 4—34” Square 


them and the rough surface the concrete encasing them; and, 
that, cases repeated loading, after the load had been taken off, 
the rods would not always return their original position—evidently 
having been stopped their return because loosened particles the 
concrete turned sufficiently wedge and prevent it. 

The slipping rods shown Figs. and The group 
beams Fig. from Talbot’s series 1904. The group Fig. 
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from Lanza’s The apparent elongation was observed 
extensometers the Talbot series, and direct readings the 
Lanza series. The actual elongation was computed from the known 
value the modulus elasticity the steel and from the value 


SLIPPING RODS 
REINFORCED CONCRETE. 
Lanza Beam, C-5, 35 Days 
Cot. a=5.2, 
=45 700 =114 


Load. 


failure 


equals 700 


equals 
per 


Yield Point 
Bond 


Plain Bars, 
1.23% 


Days. Beam (Lanza) Days. 
Beam Plain Bar 
Twisted Bar. 
Otherwise Cot. 
this beam 


same 


the tension produced therein, calculated from the known forces 
acting the specimen. 

The Talbot beams, Nos. and 28, were practically alike, with the 
exception that one was reinforced with plain bars and the other 


Reports both these series may found Proceedings, Am. Soc. for Testing 
Materials, Vol. VI. 
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with deformed bars. The creeping seems have begun No. 
(deformed-bar reinforcement) about one-fourth the ultimate 
load, and have increased to. nineteen-elevenths (1.72) the actual 
elongation the steel the reading taken immediately before failure. 
This implies apparent slip 72% the actual elongation. This 
point, where the creeping seems have begun, may called the 
yield point the bond, and, for all practical purposes, may taken 
the point intersection the curves for actual and apparent 
elongation the steel. No. (plain-bar reinforcement) the 
creeping seems have begun about two-thirds the ultimate load, 
and the apparent elongation the reading taken before failure was 
about (1.14) the actual. This implies apparent slip 
only 14% the actual elongation. 

The Lanza beams, A-1, A-2, and C-5, Fig. are very much 
like the Talbot beams, Nos. and 28, make-up and quality, 
with very slight variation age. A-2 (deformed-bar rein- 
forcement) the creeping seems have begun about one-third 
the ultimate load, and the apparent elongation the reading taken 
before failure was 134 (1.68) the actual. This implies 
apparent slip 63% the actual elongation. A-1 (plain-bar 
reinforcement) the creeping seems have begun one-third the 
ultimate load, and the apparent elongation the reading taken before 
failure was 224 (1.88) the actual. This implies apparent 
slip equal 88% the actual elongation. (plain-bar rein- 
forcement) the creeping seems have begun about one-third 
the ultimate load, and the apparent elongation the reading taken 
before failure was 264 13} (2.0) the actual. This implies 
apparent slip equivalent the actual elongation the rod. 

Before considering the Talbot beams, Nos. 16, and 21, 
desirable define the exact meaning “apparent elongation.” The 
apparent elongation, which observed the side the beam, 
transmitted from the rod the face the concrete the inter- 
vening concrete. fair assume: 

the strain transmitted the intervening concrete 
the rod must (when the bond not broken) maximum the 
fibers next the surface the rod, and zero some point remote 
therefrom the horizontal plane the steel. 
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Second.—That that point may fall (a) the surface the beam, 
(b) between the surface the beam and the surface the rod, 
(c) entirely outside the surface the beam. the zero point 
falls within, then none the strain (unless possibly negative 
nature) will reach the surface the beam; the other hand, 
falls without, then certain proportion the strain will reach the 
surface. the above statements will recognized that the writer 
does not accept without question the historic regarding 
plane sections reinforced concrete beams. 

circumstance that will also apparent the 
fact that, after the ultimate tensile strength the concrete has been 
exceeded, the horizontal fibers this material begin tear apart and 
form irregular divisions along the tensile side the beam. 

conceivable that the bond may preserved some these 
divisions, and more less transformed bond-friction-resistance 
others. Some the slip may taken visible tension cracks and 
some number microscopic cracks distributed each these 
divisions, but, the load increases, these will tend close and 
localize the elongation few definite fractures, more particularly 
those under the load loads. The closing the cracks 
will tend hide most the real elongation that division 
should happen that readings aré confined that region. This par- 
ticularly true for the middle third beam with third-point load. 
That there true elongation the steel, other than the apparent, 
may inferred from the indications the elongations for the Talbot 
beams, Nos. 16, 17, 19, and 21, and from the indications resulting 
(before creeping begins) from repeated loadings the same beam, 
from the first loadings like beams. The apparent elongation was 
not even equal the actual elongation when the maximum load was 
beams Nos. 16, 17, 19, and 21. was ten-elevenths for No. 17, 
and about the same for the others. 

This what occurred: The true elongation did not happen 
appear the surface within the region measured. was evidence, 
irregular way, outside that region. The apparent elongation 
also for the second application load for A-2 suggests that there 
elongation other than the apparent. This evident when the apparent 
elongations for the first and second applications load are compared, 
and suggested their relatively erratic behavior below the yield point. 
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The fact that, cases repeated loading, the rods would not 
always return their original positions when the load was removed 
made evident the diagrams for deflection beams tested with 
repeated loads Professor Hatt.* This slipping and creeping the 
reinforcement, although interesting and not without importance 
itself, had only secondary bearing the analysis the tests which 
follow. The same the case with the question plane sections before 
and after bending. 

After several hundred beams had been analyzed, attempt was 
made divide them into groups, age and quality concrete, 
but—other things being equal—it was observed: 


the load like beams approached the supports, the 
bond-friction-resistance 

under no. was there any indication the 
high bond values that had been obtained from early experi- 
ments bond pulling rods from cubes concrete; 

those beams having maximum concrete between 
the rods gave very high results; and, 

those beams with minimum concrete between the 
rods gave very low results. 


The first and second observations led the belief that there must 
two components the bond-friction-resistance, tangential and 
normal component, and the further beliefs that the normal com- 
ponent the cases pulling rods from cubes cylinders concrete 
was compressive stress; that the normal component beam tests 
was mostly tension, with more less compression and near the 
supports; and that this compression and near the supports varied 
with the variations the angle, shown the diagram, Fig. 
the section this diagram showing concrete below plane steel, 
the values the forces (7) and (9), are dependent the values 
section will also suggest the reason for the sense the 
forces acting the lower side the rod. this diagram will also 
found further illustration the distribution the stresses just 
mentioned. 


The reports, therefore, were all examined again and analyzed with 


Proceedings, Am. Soc. for Testing Materials; also Engineering News, 
October 24th, 1907. 
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BOND STRESSES BEAM REINFORCEMENT. 
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showing relative values 


for normal and tangential components, 
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reference these four elements. Groups were carefully sought which 
would have not more than one variable the influence which was 
desired study. Although choosing from more than thousand experi- 
ments, surprising how few them was possible place 
each group and keep free from foreign influences. However, the 
material was gradually gathered until sufficient information was 
obtained the influence each element. 

The first hint that the bond-friction-resistance increased the 
loads approached the end supports beam was gained from small 
group experiments* which the beams were identical every 
way; dimensions cross-section, length, span, reinforcement, depth 
reinforcement, quality concrete, and age testing, were 
nearly alike for all specimens could obtained laboratory 
work. The only variable was the position the load. The group 
was peculiarly fascinating the writer, held some confusing 
contradictions. When the load was nearest the supports, the highest 
values for bond-friction-resistance were developed, yet when was 
farthest from the supports, the highest values were developed for 
the tensile strength the steel. This group did not seem 
sufficiently representative, but when Bulletin No. 14, from the same 
Experiment Station, came out with another group, identical every 
way and giving results that agreed every particular with it, the 
evidence seemed conclusive. However, further search was made, 
and quite elaborate group was found Bulletin No. 148 the 
University Wisconsin. The beams this group were identical 
shape, size, span, and age; they were not large those tested 
the University Illinois, nor was the span great. the latter 
station the cement was measured loose volume, but was weighed 
the University Wisconsin, 100 lb. being rated cubic foot. 
The other materials were measured loose volume each station. 
The reinforcement the first two groups was straight round rods with- 
out hooks, crooks, deformations, web members. the latter group 
the rods were also round, but they were bent various points. 
The influence this bending, however, does not affect the comparative 
values resulting from the influence position load. The results 
from this group confirmed exactly those from the first two groups. 


Bulletin No. University Engineering Experiment Station. 
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That is, there was high bond-friction-resistance when the load was near 
the supports and lower values moved toward the center the 
beam. the high values that result when the load near the 
support are due increase the value the normal component 
the bond-friction-resistance. For each group the length the arm 
the couple which forms the section moment the cross-section 
under the load point constant for every position the load, there- 
fore the only variable the distance the load from the support. 

The ratio these two lengths, therefore, will give accurate 
value basis for determining the influence this normal com- 
ponent affected the position the load with reference 
various dimensions beams and various percentages reinforce- 
ment. The variations this ratio. are represented the cotangent 
the angle, abscissas the diagrams, and the bond-friction- 
resistance ordinates. The individual values for each beam and the 
mean values for like beams are both given for all three groups. The 
results are plotted Figs. and believed the writer that 
this bond-friction-resistance given these diagrams only 
average value, and that the true value varies several points along the 
rod. and near the supports will almost great obtained 
from pulling rod from cube cylinder concrete, which case 
the normal component compressive force. Outside the influence 
the compressive forces acting the beam, that is, within the 
influence the tensile forces, will less than the average value 
given these diagrams. 

Bond-friction-resistance steel with high elastic limit, but 
stressed very much below it, will higher, probably 4%, than 
steel with low elastic limit, but stressed little beyond that limit 
—other things being equal. 

the second observation, “that under circumstance was 
there any indication the high bond values that had been obtained 
from early experiments bond pulling rods from cubes 
cylinders concrete,” the results the most important tests 
adhesion, given Turneaure and Maurer,* indicate that plain 
bars develop from 237 756 lb. per sq. in. for 1:2:4 concrete under 
such methods, while Fig. indicates that plain bars develop from 
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110 lb. for concrete when embedded reinforced concrete 
beam with breadth stem equal two-thirds the sum their 
perimeters, explained later: 

Since this investigation was completed, there have been published* 
the results two sets experiments which are interesting further 
confirmation this second observation. The first entitled “Tests 


BOND-FRICTION-RESISTANCE 


WHEN THEONLY VARIABLE. 
“b” equal breadth 


compression. 


“B” equal & 
stem breadth 
is constant for all 
cases given in thi: 
diagram. 


[Values obtained 
‘from test of Rein 

Concrete 

Beams. 

A.N. Talbot, 
Am. Soc. C.E. 
University of 


+ 

| Values taken from |— 
results of investi- 
gation conducted 

in 1907, 1908, and 
1909, By 

William Fry Scott 


(1) Note that age is constant for above beams. 

(2) Note that proportion of aggregates is practically identical. 

(3) Note that 5 O+B is constant for above beams 

(4) Note that the only variable in above beams is cotangent @. 
| | | | 


Bond-Friction-Resistance, Pounds per Square 


Cotangent 
Description Beams: Net dimensions; Breadth Depth 10, 
1905 Series 1:3:6 Concrete, months old, 
1906 Series months old. 
Reinforcement: Straight Rods, 


Bond Concrete Beams,” Mr. Morton Withey, 
made the Materials Testing Laboratory the University Wis- 
consin. The second entitled “Some Tests Bond Steel Bars 
Embedded Three Methods,” Mr. Berry, made 
the laboratory the Civil Engineering Department the Uni- 
versity Pennsylvania. The conclusions Messrs. Withey and 


Proceedings, Am. Soc. for Testing Materials. 
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Reinforced Concrete Beams 
Am.Soc. C.E., University 
Wisconsin, Series 1904-05. 
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results of investigation 
conducted during 1908 
and 1909 by 

William Scott. 


Cotangent 
Description Beams: Breadth depth 
Gross depth length 
Mortar ote Cement was weighed, 100 Ib. 
the cubic foot which would make mortar 
equivalent measured loose volume, 
the latter being the method used Professor Talbot, 
Univ. 
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Berry are similar, and therefore will sufficient quote the latter 
who found that “push-out” tests gave two and one-tenth times, and 
“pull-out” tests two and six-tenths times, the bond stress that had 
been obtained their beam tests. says, these experiments: 


AVERAGE COMPRESSIVE STRENGTH CONCRETE 


Compressive Strength, Pounds per Square Inch. 


Age Concrete. 


a 


evident that the maximum value the bond 


between concrete and plain steel reinforced concrete beams 
between 200 and 250 per sq. in., and that this value instead the 
higher values usually quoted should taken for guidance rein- 
forced concrete design.” 


Months, 
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will noted that these results are the same the minimum 
value obtained from “pull-out” tests quoted from Turneaure and 
This easily explained. The specimens the Withey 
tests had value for cot. and those the Berry test value 
and both cases the breadth the concrete was two and one- 
half times the sum the perimeters the reinforcing rods. There- 
fore, according Fig. 13, the Withey tests should have given more 
than 200 lb. per sq. in., and the Berry tests nearly 400 lb. per sq. in., 
the rods these specimens had extended into the supports. 

That they did not extend into the supports, and that one-half the 
average bond-friction-resistance was all that was developed the 
rods, convincing proof that the writer’s theory—that the bond- 
friction-resistance varies different points along the rod—is true. 
The Berry rods extended in. only, each direction from the center 
the beam, that is, one-third the distance the support, thus they 
were entirely within the field the tensile stresses the concrete, 
instead reaching into the field the compressive stresses the 
supports. 

With regard the confusing contradictions previously mentioned 
existing the two groups illustrated Figs. and 5—that is, 
when the load was nearest the supports the highest values for bond- 
were obtained, yet when the load was farthest from 
the supports the highest values were obtained for the tensile strength 
the steel—the writer has only recently arrived 
explanation this anomaly. The theory underlying the explanation 
had been developed some time ago, having been held abeyance until 
opportunity should arise prove it. The secret may found 
from two facts: 

maximum tensile stress rod embedded beam 
that centrally loaded localized, rather then distributed over the 
entire length the rod; thus local increment elongation reaching 
will not appreciably affect the total elongation over the whole 
length the rod. The exact distribution the elongation repre- 
sented graphically Figs. and for center point and one-third 
point load. 

2—At 90% the ultimate strength the steel the elongation 
does not exceed when the rod uniformly stressed from end 
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STEEL STRAINS REINFORCED 
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end; 80%, from 4%, and 70%, say, elongation. 
(See Figs. 10, 11, and 12.) 

From this evidence will seen that the region plasticity 
steel and iron, between the yield point and from 95% the 
ultimate strength, has important influence reinforced concrete. 
The writer the opinion that rods thus tested will give higher 
average values than obtained from ordinary tension tests, the 
reason for which the fact that market steel not absolutely uniform, 
and that the point where the maximum stress forced become 
localized not likely coincide with the weakest point the 
material, but will more probably occur where the material has 
average value. 

This will understood from study Figs. and 11. These 
give the results tests rods, ft. long, with measured 
length in., six standard measured units. Measurements were 
taken from period period the load progressed. The readings were 
taken for each inch over the entire measured length. The tests, made 
the Engineering Laboratory the University Toronto 
100-ton Riehlé machine, were undertaken for the express purpose 
obtaining information for the construction the two diagrams, 
Figs. and The writer was assisted these tests Mr. Peter 
Gillespie, Lecturer Applied the University Toronto, 
Mr. Kenneth Alexander MacKenzie, and Mr. Herman Hyman, all 
whom wishes thank for the able manner which the work was 
Special gratitude due Mr. Gillespie for the interest 
shown this problem. The results these tests are further 
supplemented the diagram, Fig. 12, which gives carefully prepared 
for the elongation steel and iron within the region 
plasticity. The abscissas represent the percentages elongation and 
the ordinates the percentages the ultimate load. This diagram 
presented for the purpose indicating the wide variation the 
location the yield point. The variations the elongation were 
less variable, and seemed fall indifferently either side the 
curve for both common iron and hard steel. 

Regarding the third and fourth observations—as the influence 
the concrete between the rods the plane the 
commonly assumed that breadth one diameter clear con- 
between the rods ample develop the bond strength the 
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DEVELOPMENT ELONGATION. 


IRON ROD 
000 LB. PER SQ. IN. 
ORIGINAL CROSS-SECTION. 


+ 


Percentage Elongation. 


0,876 
0,805 0,804 0,812 0,817 
Diameters before and after testing. 


10. 


DEVELOPMENT ELONGATION, 
HARD STEEL ROD 


FAILED 110 000 LB. PER SQ. 


Deformation at Fracture 


Percentage Elongation. 


Diameters before testing and 94.5 89% 


11. 


Pap 


Percentage Ultimate Strength 


Stress per Unit Area, 


> 
15 { 15 
H Deformation after Failure 
0.885 0.883 0,888 0.887 
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lower half surface round rods, square rods when their diago- 
nals are the plane the rods. The following, which quoted from 
Turneaure and Maurer, fairly represents the generally accepted theory 
with regard the spacing rods bars: 


“In rectangular T-beams the spacing bars important; 
T-beams this consideration will largely control the width the beam. 
The requirement general spacing that the amount con- 
crete left between the bars must sufficient transmit the upper 
part the beam the stress which the bars give over the concrete 
below them. the bars are circular may assumed that one-half 
the stress them given over the concrete below, hence the 
strength the concrete longitudinal section through the center 
plane the bars must equal one-half the stress the bars. the 
shearing stress taken equal only the bond stress then the clear 
space between bars must one-half the bar, 
1.57 diameters. the sense here employed the shearing strength 
least twice the bond strength for smooth rods, clear spacing 
less than one diameter sufficient from this standpoint. the case 
square bars, the same basis, the clear spacing would need 
diameters the bars are placed with sides vertical, one diameter 
placed with sides diagonal. But addition the shearing stresses 
there likely developed more less tension the concrete sur- 
rounding the rods, that there should left ample areas concrete 
between them, especially towards the end where the bond stresses are 
should provided, with equal distance between the outside rod 
and the surface the beam. Where some the rods are bent the 
spacing can readily made more liberal towards the end the 
beam.” 


conformity with this theory, the proposed specifications the 
Special Committee Concrete and Reinforced Concrete require that, 
“The lateral spacing parallel bars should not less than two and 
one-half diameters, center center.” The extra half diameter pro- 
vided for the purpose allowing for the possibility the placing 
square bars with the sides diagonal. Owing the great variety 
forms cross-sections bars, believed the writer that the 
relation between perimeter and breadth will establish better basis 
for determining the correct values for bond-friction-resistance than the 
relation between diameter and breadth, because bar with major 
and minor axis has fixed diameter. 

According the theory outlined Turneaure and Maurer, the 


BOND-FRICTION-RESISTANCE REINFORCED CONORETE 1265 


breadth the should never less than two-thirds the 
sum the perimeters the bars, but that assumed ample. 

The question was investigated carefully the writer, and, though 
the data were rather meager, sufficient were gathered prove con- 
clusively that, say, three times the above-mentioned allowance for 
breadth concrete will develop more than two and one-half times 
much bond-friction-resistance. 

The first hint that the writer received that the breadth concrete 
between the rods was more vital importance than was commonly 
supposed was obtained from series tests beams Malverd 
Howe, Am. Soc. E., Rose Polytechnic Institute, 1903.* 
The Howe series consisted beams, the reinforcement was old- 
style corrugated bars, and the ages were from weeks. The 
concrete was composed cement aggregates. The per- 
centage reinforcement was practically 0.7 the net cross- 
section the concrete for all the beams. two beams had like 
dimensions. Beams Nos. and were almost identical, with 
regard the possible modifying influences, except that the ratio 
the perimeter the rods the breadth the concrete the plane 
the reinforcement. very decided rate increase was noted 
the resulting bond-friction-resistance developed these four beams 
due the increase breadth concrete between rods. Besides this 
series just mentioned, several other groups were found for both plain 
rods and deformed bars. These groups have been plotted Fig. 
the ordinates giving the bond-friction-resistance pounds per square 
inch the surface the bar, and the abscissas giving the ratio 
the perimeter the rods the breadth the beam. each indi- 
vidual group beams every beam had common value for cot. thus 
making the normal component bond stress constant for that group. 

The following method was devised for establishing relation 
between the values this diagram and the values previously deter- 
mined Fig. the beams represented Fig. the sum the 
perimeters the rods was equal the breadth the concrete, 
therefore this value for the spacing the rods was adopted the unit 
value for comparison the results Fig. point was chosen 
the ordinate passing through the abscissa but near the top 


Report these tests may found the Proceedings, Am. Soc. for Testing 
Materials, Mr. Condron’s discussion Professor tests, Series 1904. 
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the diagram. This point then became the nucleus new set 
diagrammatic values with the abscissas before and the ordinates 
established the following manner: 

Through this nucleus, lines parallel those the lower figure 
were drawn. Where average direction for two more groups was 
desired, the protractor was used obtain the mean inclination the 
series with respect the horizontal axis. Thus line representing the 
entire series plain bars was constructed; similarly, curves for the 
entire series deformed bars, and for all the bars, deformed and plain, 
were obtained. These are the values found the upper diagram 
Fig. will noticed that there practically difference 
the results obtained for plain for deformed bars—both seem 
equally influenced the increase decrease the concrete between 
the bars. 

The specimens the preceding investigation were practically two 
months old, therefore the values are only true for that age. The writer 
found sufficiently elaborate reports tests beams enable him 
establish basis for judging the influence age concrete 
Therefore, careful study was made the 
investigations Kimball, conducted the Watertown Arsenal, and 
the theories Taylor and Thompson, given “Concrete, Plain 
and Reinforced,” the effect age the compressive strength 
concrete. The results this study are given Fig. fair 
assume that the influence age concrete relatively the same, 
whether stressed compression, tension, bond. This 
assumption was made for the values plotted Plate CLXIX, and 
odd experiments age influence seem bear out the probable truth 
the assumption. 

Further explanation the method construction the addi- 
tional Fig. necessary here. will recalled that the 
curve for the 1:9 mixture was plotted from very large number 
experiments, the individual values being shown adjacent the curve. 
Talbot’s experiments, Series 1907-08, provided the information which 
enabled the writer construct the curves for the 1:15, the 1:6, and 
the 1:3 mixtures, shown. These experiments show that for given 
value cot. (2.8 this specific instance), the values the bond- 
friction-resistance—other things being equal—were follows: 
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and age is 15 days then bond stress 
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when Cot. Age Mos., 
Bond is 150 lb. per Sq, In. ; for 2 Mos. Bond is 126 lb. , or 
for days lb. per Sq. In. 
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For 1:9 mixture.......... 


was then assumed that for other values cot. the same rela- 
tions would obtain. Hence the 1:6 curve was drawn that each 
its ordinates 38% greater than the ordinate the 1:9 curve; for 
like values cot. similarly, all values the ordinates the 1:15 
curve are 68% the values the ordinates the 1:9 curve. 
glance Fig. indicates the relative compressive strength various 
grades concrete one month be: 


For 1:9 mixture. 


“ 


The writer believes that the bond-friction-resistance affected 
some extent richness mixture, manner similar that 
which compressive strength modified the same influence. 
has the additional conviction that the curves shown Fig. are 
probably somewhat high, and that values the ordinates somewhere 
the neighborhood the mean those just quoted for compressive 
strength, and those from which the curves were plotted, would more 
nearly represent the facts. recognizes also that variation 
material, manipulation, and method are quite unavoidable, under all 
circumstances; that any kind experimental investigation close 
degree refinement absolutely impossible, and that the unbiased 
investigator must never lose sight the personal equation indi- 
vidual experiments. 

Plate CLXIX composite diagram, constructed from the results 
Figs. and Therefore gives comprehensive picture the 
whole investigation, and will serve for laboratory and investigation 
purposes means for checking the accuracy these new laws. 
rather too complicated for daily office use reinforced concrete 
design, for which purpose Fig. has been prepared. The latter 
double diagram, for concrete month old and mixed the proportion 
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the left-hand diagram give values for cot. and the ordinates the 
The abscissas the right-hand diagram give 
values for the breadth concrete divided the sum the perim- 
eters the rods, and the ordinates are multiples the ordinates 
which must first obtained from the left-hand diagram. will 
noted that the values this diagram are made for the standard con- 
crete for use reinforced concrete laid down the Special Com- 
mittee Concrete and Reinforced Concrete. 

What has gone before refers with plain bars, 
embedded the bottom the concrete beam, with their axes parallel 
its top. This was adopted type, for comparison with alter- 
native modified methods alleged improvements. Improvement 
here considered any change made this type. For instance, the 
following are some the changes which have been considered this 

Deformations rods, 

Hooks the ends rods, 

Bending rods upward near the top beam, 
Stirrups for the web the beam, 

Combinations two more the preceding. 


Special care was taken investigate thoroughly the standard type 
reinforcement, establish values with which compare other 
alleged improvements. matter fact, there were more data for 
the standard than for the others; however, sufficient were gathered 
warrant the following statements: 

a.—Deformations media for increasing bond strength are 
doubtful value. Any increase strength resulting from the use 
deformed bars found show itself only after the yield point the 
bond has been passed. will noted the studies for steel elonga- 
tion reinforced concrete beams that deformed bars sometimes exhibit 
slower development the slipping than indicated plain bars. 
good illustration this will found comparing Lanza beam 
A-2 with the Lanza beams A-1 and C-5, Fig. will also noted 
that deformed bars sometimes begin creep earlier than plain bars. 
This indicated comparing the Talbot beams Nos. and 
Fig. and will found that this means uncommon 
reach into the corners the deformations. 
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The writer the opinion that, with proper tamping concrete, 
the deformed bars the twisted and corrugated type would probably 
give about 20% plain bars. 

The re-rolling necessitated the manufacture deformed bars 
usually has the effect raising the elastic limit the steel, and 
the increase thus produced that great deal the merit deformed 
over plain-bar reinforcement may attributed. the majority 
cases will found that the bond-friction-resistance developed 
deformed bars seldom exceeds, fact seldom seems even reach, that 
developed plain bars under similar conditions. Now and again 
group beams will found indicate 40% increase due the 
deformed bars. This seems particularly the case when the 
beams have been cured water. This would cause tightening 
the grip the concrete the deformations the rods resulting from 
expansion. Such results, however, have not been general, and, further, 
they have not been found vary greatly from those given for 
the standard reinforcement Plate CLXIX; or, other words, 
has usually been the case that the plain bars with which they were 
compared behaved very badly. every case average values for any 
those groups varied less from the diagrammatic values than the yaria- 
tions like beams any group. This was true when the groups 
were from different laboratories, which case the averages would also 
vary according the practices each laboratory. Thus the varia- 
tions the values such groups may considered due mainly 
the erratic nature the concrete rather than the influence the 
deformations the bars. Witness the series groups Table N-1, 
Bulletin No. 148, the University Wisconsin, Ernest Moritz. 
Assoc. Am. Soc. case are there developed high values 
for bond-friction-resistance for deformed bars for plain bars. 

This series may assumed representative one because 
the fact that there are never less than four beams (usually five) for 
each kind reinforcement, and nearly the same for each age, 
and months, shown Table every case there much 
greater variation between the average values and the maximum and 
minimum values for each group than between the average values 
the several groups and the values obtained from Plate CLXIX. 
The minimum variation from the averages for each group was one 
case 54% and the maximum variation 147 per cent. The minimum 


Age, months. 
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TABLE 1.—DEFORMED VERSUS PLAIN Moritz TESTS 
REINFORCED CONCRETE BEAMS. ALL BEAMS 1:3 MORTAR. 


EacH BEAM CONTAINS ONE STEEL 


PLAIN DEFORMED Bars. 
round. round. square. Corrugated, 
— = 
=| 
FAILURE. 
44 . . 


variation the averages for each group one case 62% the 
values the diagram, and, strange say, that was for group 
deformed bars. Considering only the plain-bar reinforcement this 
series, the minimum variation these experimental values from those 
the diagram 81% and the maximum 130% the diagrammatic 
values. Also, the Lanza and Talbot beams, there cannot said 
any appreciable increase the ultimate bond-friction-resistance 
due the deformations bars. the case Talbot beam No. 
which was reinforced with three twisted bars, in. square, the ultimate 
bond-friction-resistance was 168 lb. per sq. in., while Nos. and 17, 
which were each reinforced with three plain bars, in. square, the 
ultimate bond-friction-resistance was and lb. per sq. in. both 


| 
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the average value for bond-friction-resistance for plain-bar reinforce- 
ment, Nos. and 17, 145 lb. per sq. in. Thus evident 
that these two beams must have been very poor concrete; the 
other hand, beam No. with deformed-bar reinforcement, developed 
only 16% more than the average value obtained where plain bars 
were used. Beam No. developed 104 per sq. in., 16% more 
than the average; No. developed 105 per sq. in., 40% more 
than the average; while Nos. and developed only 67% the 
average value for the bond-friction-resistance given the diagram. 
The foregoing are the deformed bars. The plain bars behaved 
similar manner. Beam No. developed 60%; No. 19, 60%; and 
No. 27, 110% the average values Plate CLXIX. other words, 
apparent that variations bond-friction-resistance are attrib- 
utable such influences age, the position the load, the ratio 
steel perimeter width stem, rather than special deforma- 
tions the reinforcement, except indicated above. Yet, the 
writer’s suspicions regarding the values for the 1:6 concrete 
Plate CLXIX and Fig. are correct, that is, that the ordinates may 
be, say, too high, the foregoing deductions comparisons are 
subject slight modification favor the deformed-bar rein- 
forcement. 

b.—Hooks the ends rods not produce any increase the 
strength the They even tend cause failure 
sooner than when they are omitted. 

With regard the combination hooks, bends, and stirrups 
the reinforcement concrete beam, rather curious anomaly 
apparent the results any experiments such combination 
which the writer has been able obtain reports. case does 
such combination show materially higher development bond- 
friction-resistance than the plain straight-rod reinforcement without 
hooks, bends, stirrups, yet the effect bending some rods without 
the use stirrups hooks, materially increases the bond-friction- 
resistance, and, also, when stirrups alone are added the plain 
straight-rod reinforcement, marked increase occurs. The separate 
influence these will now considered. 

c.—Beams with reinforcing bars bent have been investigated 


Talbot. The following from the results his investigation.* 


Bulletin No. 29, University Experiment Station. 


Pa) 
soc 
ter 
rei 
th: 
the 
q 
ar 
fre 
7 


REINFORCED CONCRETE 1273 


“As may expected, the beams with all the bars bent up, 
soon the concrete the bottom was sufficiently stretched, vertical 
tension crack formed some point between the beam support and the 
bend the bar, extending from the bottom the beam the level 
the reinforcing bars. After the formation this vertical 
crack, the tension this part the beam taken mainly the 
reinforcing bar; and its depth below the top the beam 
considerably less than beams having the bars horizontal through- 
out, the tensile stress developed the bar this section greater 
than beams having the reinforcement horizontal throughout. 
the tensile stress the steel this section greater than when 
the bars are horizontal, the amount bond brought into action toward 
the end the bar must greatly increased. There evidently, then, 
greater chance for slip bar such beams than beams where 
straight reinforcement used.” 


Comparing the results beams with all the bars bent and the 
results beams with all straight bars, there was material difference 
the bond-friction-resistance when the stresses the cross-section 
under the load were considered for both cases. The writer believes 
that, one hand, there gain due the rods reaching into and 
being acted the compressive stresses the beam, and, 
the other hand, loss due the reduction the length the 
arm the couple—the loss and gain are apparently about equal. 
Beams with part the rods bent and part left straight develop 
from 50% higher values than beams with the rods all straight. 
reasonable that this should so. The concrete between the rods 
increased from the beginning the bend the end the beam, 
and such increase has already been found material factor 
increasing the bond-friction-resistance. (See Fig. 6.) 

Much depends the manner bending, but the most important 
point guard against sharp bends the rods. 

series tests beams the Boston Transit 
Commission,* interesting because shows that, the proportion 
concrete between the rods decreases, the value the stirrups in- 
creases. Thus, beams with reinforcement, those with 
stirrups were 25% better than those without stirrups; when 50% more 
reinforcement was put similar beams, there was 50% increase 
the value the stirrups, that is, those with stirrups were 37% better 


Reported Turneaure and Maurer. 
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than those without stirrups; and, when double the reinforcement was 
put the beams, there was twofold increase the value the 
stirrups, that is, those with stirrups were 56% better than those with- 
out stirrups. 

the Talbot series 1907-08 the use stirrups has studied. 
The beams were 1:2:4 concrete, two months old, with cot. 2.8. 
plain-rod reinforcement, with 1.28 the average value 
for the beams with stirrups was 20% better than for those without 
stirrups. When 1.03 beams with stirrups were 18% better 
than those without. Beams with this value and having deformed- 
bar reinforcement were 26% better with than without stirrups. This 
illustrates entirely new manner the effect the suspension 
the concrete below the plane the steel the concrete between the 
rods. this way, the stirrups are seen perform the function which 
would otherwise performed proportionate quantity concrete. 

Two More the Preceding.—One case, 
only, will considered: the combination stirrups with part the rods 
bent and part left straight. previously mentioned, there does not 
seem any evidence improvement over plain straight rods with- 
out stirrups. The only way the writer can account for the absence 
improvement the possibility that the stirrups disturb the con- 
crete around the region the bent rod, thus destroying some the 
advantage due the influence the compressive stresses that 
bent rod. also probable that the absence improvement partly 
attributable the fact that the reinforcement usually consisted 
rods bent sharp turns, instead having continuous easy curves 
throughout.* Further investigation may throw new light the 
question. 

the practical aspect the results this investigation, with 
particular reference the question reinforced concrete design, 
few points should mentioned. 

The problem reinforced concrete design must decided 
purely scientific lines. the writer’s opinion, tests reinforced 
concrete buildings are utterly impracticable and useless. Such tests 
are deceptive and misleading, because many influences, more 
transitory, which aid the tested panel series tested panels 


Am. Soc. E., Proceedings, Am. Soc. E., for February, 1910. 
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materially that, though incalculable and uncertain, they are neverthe- 
less the dominating factors carrying the loads. The loads them- 
selves are seldom what they seem. necessary understand the 
value each element design, from special study that element. 
Its relation the general problem must always based the judg- 
ment the designer. 

With regard the question loads building work, the 
custom specify uniform distribution loading. Buildings have 
been classed the basis the use which they are put. The 
method fixing the standard classification has been the deter- 
mination the uniform live load each class will safely carry. The 
precedents existing to-day what each class should designed 
sustain are based history accidents. The lessons learned from 
these accidents have been dearly bought that designer must 
bold indeed presume set his judgment against the standard 
specified loadings for various classes buildings. previously men- 
tioned, these standards are given terms the relative values for 
uniform distribution loading. Now, can shown that the com- 
parative effect uniformly distributed load and center concen- 
trated load reinforced concrete beam not the same their 
comparative effect steel, timber, plain concrete beam. 
commonly known that the latter cases the effect concentrated 
load double that uniform load like beams; but the case 
reinforced concrete beam, the standard type, previously referred 
to, the under uniform load not the same 
under concentrated load the center the beam. not 
unreasonable that this should the case. For instance, consider the 
stresses produced the cross-section midway between the center 
the beam and the center its supports. For uniform load, the strain 
the cross-section 75% the strain the center; and for center 
concentration load, the strain only 50% the strain the 
center (this illustrated for any cross-section between the center and 
the support Fig. 14), that is, uniform load will develop 50% more 
strain the bond the quarter-point than will developed 
center load. This based the assumption that the steel each 
beam strained alike the center cross-section. Owing the 
variable nature the bond-friction-resistance, would endless 
task determine theoretically the location the cross-section where 
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failure would occur reinforced concrete beam under uniform 


distribution load. However, experiments seem indicate that 


failure will occur coincidently when like beams are loaded uniformly 
are loaded the center with 70% the uniform load. This value, 
therefore, may used basis for uniform loads when the values 


for the bond-friction-resistance given Fig. are under con- 
sideration. 


The formulas for such case would developed follows, when 
the total uniform load the beam girder: 


0.175 


this case will half the length the rod. 

The size the rod important factor such reinforced con- 
crete depends develop the tensile 
strength the steel. This plainly evident from the fact that, for 
equal areas cross-section, the perimeter rods bars increases 
inversely the diameter side. 


This true for round for 
square sections. 


For instance, the perimeter 1-in. square bar 
in., the perimeter square.bar in., and requires sixteen 
bars per square inch area, thus sixteen }-in. bars expose four times 
much area surface bar. This illustrated, for beams 
which have the real working dimensions most commonly used 
buildings, Figs. and 16. Fig. 15, will seen that, for 
the standard type reinforcement, rods develop 64000 per 


rods, 32000 and 1-in. rods only 16000 per sq. in. When 
(Fig. 16), 3-in. rods develop 000 1-in., 
and 2-in. rods only 21000 lb. per sq. in., 18-ft. span uniformly 
loaded. 

With regard the determination the neutral axis and the 
centroid compressive stress, the ordinary methods, laid down 
the Special Committee Concrete and may 
used for the working stresses concrete. 


the other 
hand, from the yield point the bond, which about three- 
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eighths the ultimate bond-friction-resistance, the point failure 
the beam, the slipping the rods has the effect gradually raising 
the centroid the compressive stresses, or, other words, increas- 
ing the length the arm the couple formed the tensile and 
compressive forces. This increase very near failure probably seldom 
exceeds the computed length the arm. 

the writer desires say that first glance the 
evidence presented herewith points the fact that the stresses, 
such reinforced concrete depends 
develop the tensile strength the are much more 
complicated than has hitherto been supposed. This true trom purely 
technical point view only, and, notwithstanding the very valuable 
investigations Messrs. Hatt, Talbot, Turneaure, Howe, Humphrey, 
Lanza, Marburg, Harding, and others, without whose work would 
have been impossible prepare this paper, and whom the writer 
before closing wishes express his indebtedness, there tremendous 
amount work still done engineering laboratories the way 
further investigation before the last word has been said this 
subject. The Profession especially indebted those eminent 
investigators who have unselfishly reported full and comprehensive 


data their experiments, thereby enabling any practicing engineer 
draw his own conclusions from the material presented. 


re 
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TWO REINFORCED CONCRETE COAL POCKETS.* 


The type coal-pocket construction used New York City 
retail coal dealers has, until lately, consisted timber structure 
supported brick walls, wooden posts. 

These pockets have wooden bottoms and sides, and are arranged 
that coal teams and carts can driven below and filled promptly 
opening chute the bottom the bin. 

account the fire risks connected with such structures, and 
perhaps even more account the rapid deterioration the timber 
and the difficulty making repairs, number reinforced concrete 
pockets have lately been constructed. This paper describes two pockets 
this kind built during the past year. 

Pocket No. constructed entirely reinforced concrete. 
Chauncey Street, near Evergreen Avenue, Brooklyn, siding 
the Long Island Railroad, and was built for the Peoples’ Hygienic 
Tee Manufacturing Company, the Haiss Manufacturing Company, 
New York, from plans prepared Mr. Ernest Abs-Hagen, the 
engineer the company. Albert Hager, Assoc. Am. Soe. E., 
and the writer acted consulting engineers for the owners. 

Pocket No. only the posts and bottom the bin are con- 
crete; the sides and roof are timber. the east side the 


This paper will not presented any meeting. but written communications the 
subject are invited for publication with Transactions. 
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Harlem River, near 177th Street, New York City, and was built for 
Olin Stephens, Incorporated, the Godwin Construction Com- 
pany, from plans prepared Messrs. Monks and Johnson, Engineers. 

Pocket No. has capacity 4000 tons. Its dimensions are 
100 ft., over all, and its height from the ground the high point 
the roof ft. in. carried twenty-eight reinforced 
concrete posts, each in. square, spaced ft. in. apart the 
clear, and differs greatly its manner support from Pocket No. 
which the columns are spaced longitudinal rows. The pocket 
overhangs the outside row columns ft. in., the floor-beams 
are cantilevered beyond the columns, and the weight the reinforced 
concrete side-walls does not rest directly beam over the columns, 
but supported the cantilevered floor-slab. similar form 
construction was adopted for Pocket No. 

Pocket No. divided into twelve compartments interior 
reinforced concrete partitions, uniformly in. thick, which are tied 
each other and the outside walls reinforced concrete ties, 
in. section. These ties are supported their third points 
8-in. posts. The outside walls, heavily reinforced, shown 
Plate CLXX, are in. thick. 

The weight the coal carried concrete slab in. thick, 
reinforced two directions corrugated bars in. from center 
center. The slab, turn, supported the floor-beams, which 
are in. deep and in. wide. These are reinforced 14-in. bars, 
six the bottom and four the top, bent shown Plate CLXX, 
which also shows the stirrups and the general reinforcement the 
cantilever beams and the walls. The 30-in. columns are reinforced 
with twelve and four 1-in. rods, hooped and tied shown. The 
reinforced footings the columns rest hardpan, and are ft. in. 
square. 

Coal delivered bottom-dump cars into concrete hopper 
the siding, from which transferred bucket conveyor the 
center loft the pocket. carried from that point single- 
strand flight conveyor running the length the pocket the various 
compartments, trip-ups being provided that any desired bin may 
filled. Each bin has four bottom chutes, each in. square, through 
which the coal delivered into the wagons. Screens are placed 
the chutes order give the coal final screening before delivery. 
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The walls the pocket were designed that any compartment 
might filled while neighboring compartments were empty. 

The difficulties constructing this pocket were many, because the 
rods the outside walls acted impenetrable fence 
and prevented the placing concrete within the bin; consequently, all 
concrete had carried the full height the outside walls, and 
then lowered inside the pocket. The method adopted the con- 
tractors appeared overcome this difficulty very satisfactorily. 
traveling concrete mixer, with bucket conveyor extending the full 
height the outside walls, was erected the outside each the 
longer sides the pocket, and, from the top the conveyor, wooden 
troughs conducted the concrete directly its proper place. The 
scheme appeared feasible and not expensive, because, the con- 
tractor’s main business being the building coal machinery and hoists, 
could construct the two conveyors out stock hand, and pre- 
sumably knew that they would operate satisfactorily. Unfortunately, 
the conveying apparatus broke down very frequently, and, unless 
repairs were made within few minutes, the concrete the bucket 
conveyor began set, thus causing serious delay while men chopped 
the buckets and operating mechanism clear. 

When the apparatus was working order, however, better 
scheme could have been desired. was possible place the concrete 
any portion the floor, the walls, the posts, the ties, without 
any further handling. there was clause the specifications 
which permitted the use wet concrete, the trough system chuting 
the concrete was admirable plan. 

Pocket No. capacity 1600 tons. Its dimensions are 
about ft., over all, and its height the top the ridge 
further additions longitudinally. 

account the difficulty encountered placing concrete 
Pocket No. was decided make No. concrete only far 
the foundations and floor. shown Plate this portion 
contains really mass concrete, which was easily put place. 

The remainder Pocket No. timber, and all the timber 
used falsework for the concrete construction was afterward embodied 

the pocket itself, that the cost material for forms was very 
small. 
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The pocket rests four lines columns, nine row, the rows 
being ft. in. from center center, allow plenty room 
for large coal wagons. The the pocket overhang ft. from the 
centers the last line columns. The columns are 
cross-section except the center one each row, which 
in., the former being reinforced with four round rods, with 
hoops, and the latter with four 1-in. rods, with hoops. The 
columns rest concrete footings carried piles. 

The beams spanning the columns are in. wide 
and in. deep. They are reinforced different ways, account 
their location, but general have eight 1-in. rods the bottom 
the centers the beams. 

The floor-slab in. deep, and reinforced every in. 
direction right angles the main beams, two rods, spaced 
in. from the top and bottom the slab. 

The timber portion the pocket the usual type construc- 
tion, with timber tie-rods through the bins, and timber rods all around 
the exterior the vertical studding, shown Figs. and 

Coal unloaded from barges the end the pier clam- 
shell bucket mounted revolving Browning locomotive crane, and 
deposited hopper from which carried the top the 
pocket conveyor, supported timber trestle. 

The method placing the this pocket was adopted 
because the locomotive crane and clam-shell bucket had been delivered 
the owners before concreting was commenced, and the contractor 
was permitted use them. The clam-shell bucket unloaded the sand 
and gravel from the deck barges into carts which turn unloaded 
the material near the batch mixer close the pocket. 

The mixer had elevated storage bins, and after boat 
load material had been unloaded, the locomotive crane was moved 
down the mixer and, with the clam-shell bucket, hoisted the sand 
and gravel into the bins. Then, when concreting was progress, the 
output the mixer was deposited directly the same clam-shell 
bucket, now free from the duty placing the raw materials. The 
boom the crane was sufficient length deposit concrete any 
part the pocket. The concrete was dumped the engine runner, 
who controlled every motion the bucket. The scheme was most 
successful. 
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The vertical studding forming the sides the pocket rests 
T-irons embedded the concrete beams; the studding also held 
bolts, shown Fig. 

The actual cost figures these two pockets are not general 
value, the local conditions the sites the buildings were 
totally different. sufficient say that, compared with Pocket 
No. the writer’s opinion that Pocket No. furnishes type 
structure which more easily erected, uses cheaper material through- 
out, and furnishes building which, viewed from all standpoints 
owner, entirely satisfactory. 
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Discussion.* 


dealing with landslides generally most difficult one. Miller. 
impossible give any fixed plan, because, each particular case, all 
the local conditions must first carefully considered. 

The remedies described the author have been existence much 
too short time determine their permanency, and fails state 
whether not they are intended so. often happens that the 
life temporary structure sufficient length justify its use, 
and the ones described may have been constructed for this reason. 

carrying out these remedies, far can learned, very little, 
any, effort was made get and remove the source the trouble. 

Cannelton, sole reliance seems have been placed 
double row braced piling hold back mass moving material 
extending the slope about 380 ft. and having depth averaging 
least ft. part this mass was removed near the just 
above the piling. The writer can readily understand how the sliding 
this point may checked making the new slope flatter than the 
old one, but doubt whether the flattening was extended far 
enough the slope prevent the wet material above from again 
sliding down over the new slope and finally over the top the pile 
retaining wall. 


*This discussion (of the Black, Assoc. Am. Soc 
Proceedings for May, 1910, and presented the meeting September rinted 
order that the views expressed may brought before all mem fur- 
ther discussion. 
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the Brighton slip, the assumption seems have been made that, 
driving the piles into rock bottom, they would get toe hold 
sufficient prevent further sliding the mass above. First, what 
assurance there that the iron straps, placed the points the 
piles for the purpose causing them penetrate the rock, not 
defeat this very purpose, cutting into the points and aiding the 
battering the same? Assuming that the points get good toe hold, 
what prevent them from bending over the mass moves down 
the slope from above? not possible that success, obtained 
this case, due the fact that sub-drainage occurs down each the 
piles, which are only ft. apart, thus conducting the water 
stratum through which passes the river without causing move- 
ment, thus permitting the mass below the upper row piles dry 
out and become stable? 

correct the trouble this point, would seem well, first, 
protect the toe the slope with mattress rip-rap certain 
that the river could not continue scouring off the support the 
mass above; next, excavate trench along the upper side the 
track, making such depth get below the movement all 
points, and place therein tile drain, the entire trench then 
filled with cinders; and, finally, place surface drains well above the 
limits the movement. 

The Cannelton situation much more difficult one meet, but 
good surface drains should placed around the top the movement, 
stable material, where they will not require much maintenance 
constructed with proper slopes. Drainage ditches should placed 
around over the slide and given much close attention. not 
economical attempt general ditches, but the water-pockets and low 
places should drained quite often, especially after each hard rain. 
The chief difficulty to-day getting the section foreman realize 
how much work can relieve himself the end frequent and 
careful attention drainage. 

The claim that roots vegetation will hold, place, mucky clay 
from ft. deep, slope—or will have any appreciable effect 
whatever that direction—is not good one. 

Blasting the surface the rock which there sliding 
earth does not stop the sliding because the roughened surface, but 
because passageway made for the water, enabling get away 
from the clayey material above, thus allowing dry out. 

often proves economical the end abandon the old line and 
relocate where solid foundation can secured. all extensive 
slides well take sufficient number accurate borings before 
planning remedy. 
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subject the loss carrying capacity canal, due 
“moss,” increasingly important, owing the growing use con- 
linings, which are expected give low coefficients friction 
and consequent high velocity. This expectation not realized when 
the growth excessive. The writer has mind one concrete- 
lined channel which, since alge have grown it, carries only 400 
sec-ft., certain stage, as-compared with clean-channel flow 
about 660 sec-ft., loss per cent. The vertical velocity curve 
the section maximum velocity, Fig. shows that alge are the 
cause still water the bottom half-foot the channel, and that 
they decrease the velocity above, owing the surging and cross- 
currents which they cause. this canal was lined with concrete 
great expense, order increase the capacity certain necessary 
quantity, the loss serious matter. 

one the earliest water supply papers the United States 
Geological Survey, the Honorable Samuel Fortier states that alge 
cause losses carrying capacity altogether disproportionate the 
area the cross-section the channel occupied them. 

the case cited, the canal large that would difficult 
off the alge without drawing off the water for some days; 
therefore, scraping would costly solution the problem, and 
legally inexpedient. Further, alge often reappear shortly after having 
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Mr. been scraped off, that many treatments might necessary 
season. Therefore solution the question, which would not involve 
stoppage the flow the canal during the irrigation season, would 

timely. 

Blue vitriol, copper sulphate, has been used with great success 
kill alge municipal reservoirs, and might applied irrigation 
canals. Messrs. George Moore and Karl Kellerman state* the 
quantity the salt required for various kinds but not 
mention the genus said Cladophora, long-fibered variety, which 


Velocity, Feet per Second 


1.0 


Water 


2.0 3.0 


Depth below Water Surface, Feet 


probably causes the most trouble irrigation canals. The Cladophora 
said closely related the Conferva Bombycinum which re- 
quires part copper sulphate 1000000 parts water. However, 
since appears, from list given these authors, that estimating 
the necessary proportion copper sulphate, little reliance can 
placed the similarity the plants, less copper sulphate much 

more than might required for the desired effect. 
Assuming that the proportion 1000000, 5.4 lb. per sec-ft. 
every hours treatment would necessary. Copper sulphate 

Bulletin No, 64, Bureau Plant Industry, Dept. Agriculture, 
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sells wholesale present for per that the cost for the 


would 2.16 cents per sec-ft. for hours, exclusive labor charges. 
Assuming the necessity for three treatments, with the total five 
days, during the irrigation season, the cost for the sulphate would 
10.8 cents per sec-ft., or, say, from 0.10 0.15 cent per acre land 
irrigated. 

The strength necessary kill this alga might much greater— 
even twenty times great—and the inflow moss from the feeding 
stream would tend start the new growth more rapidly irriga- 
tion canal than municipal reservoir; but likely that only 
occasional treatments would necessary. 

The writer does not know what effect copper sulphate would have 
grown irrigation, but seems probable that the copper 
would precipitated out solution, hydrated oxide basic 
salt, the laterals before reaching the crops. 

treatment with copper sulphate proves impractical, either 
account the expense the injury crops, another method, which 
has occurred the writer, might prove feasible. This method 
based the well-known fact that alge are lovers light, and must 
have order grow well. For example, the concrete-lined 
the Arizona Power Company, was found that they grew 
only the open canals and not the tunnels, though the velocity 
was about the same each. 

Therefore, anything tending diminish the light would decrease 
the growth and likely that would materially decreased 
the concrete-lined section canal were painted dull black with 
thin asphalt, tar, elaterite, some other black, light- 
absorbing substance; for has been observed that alge grow 
profusion white objects and much less extent dark ones. 
ordinary stream velocity stops the growth, but they not thrive 
water carrying much silt. They grow quite freely even rather 
cold waters. 
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Discussion.* 


Assoc. Am. Soc. (by letter).—This paper 
mind some causes the rusting steel modern buildings 
which are deduced from the writer’s observations structures the 
course erection. 

Specifications very often require steel columns encased with 
layer cement mortar before the surrounding brick, stonework, 
other fire-proof material, put place. This done prevent 
the steel from oxidizing coming contact with moisture, and 
additional precaution, paint itself not absolute preventive. 

The owner, being anxious have the building ready for 
soon possible, that may derive income from his invest- 
ment meet his fixed charges, inserts time limit the contract; or, 
other words, the contractor bound “time clause,” which, 
not adhered to, leads “liquidated damages.” Consequently, the 
work must speedily done. The cement mortar may placed around 
the surfaces the steel, required the specifications, the workman 
keeping ahead the mason bricklayer, the case may be. Not 
being thoroughly dry, perhaps having been struck objects coming 
contact with the column, pieces the mortar fall off, and, the 
work the other trades proceeds rapidly, they are not replaced. 
The steel column, then, these bare spots, exposed the moisture 
moist air which, from one cause another, may creep in, thus 
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creating the condition mentioned the third paragraph Mr. 
Thomson’s paper. 

does not seem the writer that sufficient care taken the 
construction party walls walls adjoining adjacent buildings. 
may that, because hidden from view, any construction thought 
permissible. Whether not this the case, the brick quite 
often improperly laid, and insufficient mortar placed the joints, 
that air spaces exist. Then, too, the mortar, after drying, some- 
times shrinks away from the brick, slight settlement the build- 
ing may cause voids the joints. The bricks also may absorb the 
moisture, leaving the mortar crumble away. any case, these 
conditions permit the moisture moist air reach the steel columns 
and beams the wall and promote oxidation. 

Property lines frequently overlap existing buildings, that 
not possible make the party wall the required thickness. Where 
columns occur such walls, there often only in. left between 
them and the wall the adjoining property. such cases only 
single brick can placed against the column face, and there cannot 
good bond. Again, with only small space which work, 
the bricks are not properly laid, and the steel practically exposed. 

several cases where old building abutting modern steel 
one has been torn down give place new steel structure, the 
single layer bricks forming face for the wall columns has toppled 
over when the side walls the old building were razed, leaving the 
steel exposed. This was good evidence that the bricks were not well 
bonded and did not serve protect properly the paint the steelwork, 
other words, did not help prevent oxidation. 

the best practice, the underside the flanges steel floor-beams 
covered with in. some kind concrete. The object this 
prevent the flames, case fire, from acting directly the 
beam, and also protect the steel from rusting. Often, however, the 
flange simply with wire mesh and the plaster applied 
this. Plaster porous and readily absorbs moisture and, consequently, 
does not itself protect the flange from rusting, but rather helps the 
oxidation being vehicle. The paint then the only protection 
for the steel, and, paint not absolute preventive, the steel 
flanges will rust time. This, perhaps, why the undersides the 
flanges floor-beams frequently show signs rust. 

The writer does not believe that there any absolute preventive 
the oxidation steel, known the present time, which can 
commercially applied, and, consequently, deems mistake 


‘think that steel encased brick, cement, paint, will not require 


inspection from time time. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


WILLIAM FOSTER BIDDLE, Am. Soc. E.* 


Diep 10TH, 1910. 


William Foster Biddle was born Philadelphia, Pa., August 
18th, 1834. was graduated the University Pennsylvania 
1852, and took the practice engineering. held successively 
the positions Leveler the Virginia Central Railroad (now the 
Chesapeake and Ohio), under Charles Ellet, Jr., 1855; Resident 
Engineer charge Construction the Mine Hill and Schuylkill 
Haven Railroad (now the Philadelphia and Reading), 1857; 
Assistant the Chief Engineer the Illinois Central Railroad 
Chicago, 1860; and Superintendent the Eastern Division 
the Ohio and Mississippi Railroad, Cincinnati, October, 1861. 

1862 and 1863 was active military service the Civil 
War, with the rank Captain (on the staff General McClellan, with 
whom had been previously associated engineering). His record 
service with the Army the Potomac, from its formation until 
after the battle Antietam, was that brave and gallant officer. 

was Superintendent the Freedom Iron Works, Pennsylvania, 
1865, and was Vice-President the Lehigh Coal and Navigation 
Company (Lehigh and Susquehanna Railroad), until 1869. 1874 
and 1875 designed, located, and constructed mining water-works 
Venezuela, South America. Later, was President the Millwood 
Coal and Coke Company, Westmoreland County, Pa., with offices 
Philadelphia. 

Captain Biddle was ill for several months following attack 
acute pleurisy, March, from which empyema developed, necessi- 
tating operation for the abscess which had formed the pleural 
cavity, and from the effects which never recovered, septicemia 
setting in. died Pa., the home his 
niece, Mrs. Henry Drinker. 

Captain Biddle was cultured gentleman, man universally re- 
spected and greatly loved those privileged know him well. 
was able engineer, and, addition his membership this 
Society, was active member the American Institute Mining 
Engineers, and the Union League Club Philadelphia. His charm- 


Memoir prepared Dr. Henry Drinker, President, Lehigh University, and Mr. 
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ing personality best summed the following tribute his 
memory which appeared the Philadelphia Ledger August 12th, 
1910, which will appreciated all who knew him: 


distinguished figure lost the finer life Philadelphia 
the death Captain William Biddle. Though had long passed his 
threescore years and ten, one ever had thought him old 
man. His handsome face, his gentle speech, his whole gracious per- 
sonality had the charm perennial youth. gallant soldier 
Civil War, engineer always active-minded 
citizen, his persistent personal vocation really was music.. Few 
musicians are well-read the literature the pianoforte, 
and for many years there has been one Philadelphia more confi- 
dently counted upon for the support all laudable musical 
undertakings. was the musical editor hymnal that model 
musical exactitude and taste not often found such compilations. 
Until the past winter was seldom missing from any important con- 
cert, and his absence will leave gap not easily filled one 
his fine attainments, his gentle breeding, and his serene character.” 


Captain Biddle was elected Member the American Society 
Civil Engineers June 4th, 1884. 


CLARENCE ALLEN CARPENTER, Am. Soe. E.* 


Diep 9TH, 1899. 


Clarence Allen Carpenter, the only son John Allen Carpenter, 
was born Dedham, Mass., August 26th, 1846. His father was 
well-known contractor, having been connected with the construction 
the Fitchburg Railroad, the Old Colony Railroad, the Lawrence 
Dam, and many other important engineering enterprises. 

1863, when was seventeen years old, Mr. Carpenter began 
his professional career Chainman the Adirondack Railroad. 
was successively Rodman, Leveler, and Transitman, remaining with 
the company until 1865. From 1865 1867, was the service 
the Whitehall and Plattsburgh Railroad, attaining the position 
Assistant Engineer. 

March, 1868, Mr. Carpenter entered Union College Schenec- 
tady, Y., intending take the course Civil Engineering, but 
was obliged leave February, 1869, account his eyes. 

the Neosho Branch the Missouri, Kansas, and Texas 
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Railway. From February, 1870, May, 1871, served Assistant 
Engineer charge construction the Little Rock and Fort Smith 
Railroad, and from May October, 1871, was engaged the 
survey for the Southern Pacific, west from Van Buren. 

November, 1871, Mr. Carpenter returned East, and until June, 
1872, was the employ the New York and Boston Railway 
Assistant Engineer construction. For the next four years (1872- 
1876) was Assistant and Resident Engineer, respectively, for the 
Delaware and Hudson Canal Company, the construction the 
New York and Canada Railway. 

From March, 1877, March, 1878, Mr. Carpenter was engaged, 
Contractor and Engineer, with the Sewer Department Saratoga 
Springs, Y., and from March November the same year, was 
employed Assistant Engineer, charge the west end the 
Plattsburgh and Dannemora Railroad, which was built the State 
New York. 

March, 1879, Mr. Carpenter again went West the Central 
Branch the Union Pacific Railway Assistant Engineer charge 
construction, and June, 1880, entered the employ the 
Chicago, Milwaukee, and St. Paul Railway, remaining with that road 
for eleven years and attaining the position First Assistant 
Engineer. 

After severing his connection with the Chicago, Milwaukee, and 
St. Paul Railway Company, Mr. Carpenter was engaged surveys 
for the Atchison, Topeka, and Santa System, California, until 
accepted the position Division Engineer the Northern Pacific 
Railroad, with headquarters Helena, Mont. 

the fall 1891, was appointed Division Engineer the 
Lake Shore Division the Lake Shore and Michigan Southern Rail- 
way, which position held the time his death. While attending 
his duties, Mr. Carpenter was struck passenger train near 
Geneva, Ohio, November 7th, 1899, and died from the effects his 
injuries November 9th. 

Although quiet and unassuming his manner, Mr. Carpenter 
was universally beloved and respected all who knew him, for his 
personal qualities and his ability engineer. His reputation for 
care and accuracy was widespread. had rare capacity for detail, 
nothing connected with his work being too little importance 
claim his careful personal attention. also had broad and com- 
prehensive grasp the greater problems, which always won 
dence his employers. 

Mr. Carpenter was elected Member the American Society 
Civil Engineers May 2d, 1888. was also Member the 
Civil Engineers’ Club Cleveland, Ohio. 


Men 


fro 


Memoirs. 


MEMOIR GEORGE EARL CHURCH 1299 


GEORGE EARL CHURCH, Am. Soe. E.* 


Diep January 1910. 


George Earl Church was born New Bedford, Mass., December 
was Puritan ancestry, and said that “he carried 
his veins the bluest blood New England.” his father’s side 
was directly descended from Richard Church, who, 1632, went 
from Oxford, England, Plymouth, Mass., where married Elizabeth 
Warren, whose father, Richard Warren, came America the 
Mayflower, and was ancester General Warren, who fell Bunker 
Hill. his mother’s side was lineal descendant daughter 
Edward Winslow, who also came Plymouth the Mayflower. 

While Mr. Church was quite young, his father died, and his 
eighth year his mother moved Providence, Here attended 
the public schools, and the age fourteen held high rank the 
Senior Class the High School. When was seventeen decided 
follow the profession civil engineering. 

1853 and 1854 was engaged Assistant Topographical Engi- 
neer the State map Massachusetts. 1855 was employed 
Assistant Engineer the Mississippi and Iowa Central Railway. 
1856 was appointed Resident Engineer the Hoosac Tunnel, but, 
when this great work was suspended for time, returned Iowa 
Chief Assistant Engineer the location long line railway 
that State. 

The financial crisis 1857 having put stop the work, Mr. 
Church accepted offer carry out railway project the Argen- 
tine Chief Engineer, but arriving Buenos Aires, 
found the country such disturbed condition that the work had 
postponed. The Government, however, almost immediately, ap- 
pointed him member scientific commission explore the south- 
western frontier and report the best system defence against 
the fierce inroads Patagonian and Araucanian savages and allied 
tribes from the Andean slopes. 

1860 Mr. Church surveyed and the Great Northern 
Railway Buenos Aires, and acted Chief Assistant Engineer 
during its construction 1860 and 1861. the outbreak the 
Civil War the United States gave his position Buenos 
Aires and embarked for New York American schooner. 
ing home, was commissioned Captain the Seventh Rhode 
Island Infantry, and was sent the front. 

During the war served successively Captain and Lieutenant 
Colonel the Seventh Regiment, and Colonel the and 
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Eleventh Regiments, Rhode Island Volunteers, and Brigade Com- 
mander, the Army the Potomac. earned especial distinction 
the Battle Fredericksburg, where his regiment suffered very 
great losses. entered the fight captain and came out 
lieutenant colonel command the remnant his regiment. After- 
ward was promoted the coloneley the Seventh Rhode Island 
Infantry, and was sent the Virginia Peninsula. was present 
the siege Suffolk Longstreet, and, later, commanded brigade 
raid for the tearing the Norfolk and Petersburg and the Sea- 
board and Roanoke Railways, which was accomplished successfully 
after several hot skirmishes. was then placed command the 
fortifications Williamsburg until the term his regiment expired. 

the close the war Colonel Church was appointed Chief Engi- 
neer the Providence, Warren, and Fall River Railway, which road, 
though presenting some difficult engineering problems, constructed 
during 1865 and 1866. 

1866 and 1867 served Mexico, and planned the campaign 
which resulted the capture Maximilian. During this campaign 
also acted war correspondent, and 1868 was Editor the 
New York Herald. 

1868 went again South America, and series journeys 
explored large part the upper basin the Amazon. also 
explored the Bolivian affluents that river, and was engaged for 
several years opening new channels for trade between Bolivia 
and Brazil. From 1872 1879 was President the National 
Bolivian Navigation Company and Chairman the Madeira and 
Mamoré Railway Company. 

1880 Colonel Church was appointed United States Commissioner 
visit Ecuador and report political, financial, and trade conditions 
that country. His report, “Ecuador 1881,” was published 
special message the President Congress. 

Probably his greatest work was connection with the Madeira and 
Mamoré Railway, which, for ten years, the invitation the 
Government Bolivia, devoted his attention. conducted 
negotiations with European capitalists and with the Brazilian Govern- 
ment, and were possible here give detail the incidents this 
period his career would form interesting prelude the history 
that great railway which now under construction, and tribute 
his foresight and technical capacity. 

later years took his residence London, England, where 
associated himself with Argentine railway companies and engaged 
literary pursuits, devoting much time the study the South 
American aborigines. writer and speaker subjects connected 
with his life works, Colonel Church was recognized authority, and 
his contributions the researches scientific societies are standards 
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for the student. Although residing England, his loyal Americanism 
was always prominent element his character. died London, 
January 5th, 1910, and was buried Brompton Cemetery. 

Colonel Church was twice married; his second wife, who survives 
him, was the widow Mr. Frederick Chapman and daughter 
Sir Robert Harding. 

Colonel Church was Companion, first class, the Military Order 
the Loyal Legion, the United States. For many years was 
member the Council the Hakluyt Society, and also the Royal 
Geographical Society, having been Vice-President the latter for 
period four years. said that was “the first man, not 
British subject, ever admitted the honor seat its council.” 
was frequent contributor the Society’s Journal, and took part 
most the discussions papers dealing with South American 
subjects. the Bristol Meeting the British Association for the 
Advancement Science, 1898, was President the Geographi- 
eal Section, the subject his presidential address being “Argentine 
Geography and the Ancient Pampean Sea.” was also member 
the Royal Historical and the Royal Anthropological Institute 
Great Britain and Ireland. 

Colonel Church probably possessed wider and more complete 
‘knowledge the history, geography, and resources South America 
than any other authority. The information acquired his own 
extensive travels the heart the continent was supplemented 
lifetime study the experiences other travelers. followed 
closely the development the Panama Canal scheme, and was strongly 
the opinion that the construction the canal was not justified 
commercial grounds. few years ago, when various projects for the 
building new railway across Canada were under consideration, 
was actively interested scheme for line follow more north- 
erly route than that the Grand Trunk Railway. 

Colonel Church was elected Member the American Society 
Civil Engineers November 2d, 1887. 


WILFRED EMORY CUTSHAW, Am. Soe. E.* 


Diep 19TH, 1907. 


Wilfred Emory Cutshaw was Scotch descent and was born 
Harper’s Ferry, Va., now West Virginia, January 25th, 1838. His 
father was George Cutshaw, native Loudoun County, Virginia, 
who died 1887. His grandfather was John Cutshaw, Maryland 
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farmer, who was veteran the War 1812. Mr. Cutshaw’s mother, 
Martha Moxley, was born Alexandria, Va., and was English 
ancestry. 

Mr. Cutshaw, after preparation home and local academy, 
entered the Virginia Military Institute, Lexington, from which 
was graduated 1858, with good knowledge civil and military 
engineering. After teaching for one term academy Loudoun 
County, became, 1859, Instructor the Hampton Military 
Institute, and remained there until the spring 1861, when 
resigned enter the service the Confederate Army. 

April, 1861, Mr. Cutshaw was made First Lieutenant, and 
Jackson. the spring 1862 was made Captain Artillery; 
the fall that year became Major, and February, 1865, 
was made Lieutenant-Colonel. 

Colonel Cutshaw’s war record was exceptionally brilliant. 
participated the operations General Magruder the Peninsula, 
the summer 1861, and the campaigns Jackson the Valley, 
the spring 1862, which commanded battery the 
battalion Colonel Crutchfield, taking part several vigorous en- 
gagements. the Battle Winchester, May, 1862, was severely 
wounded, bullet piercing his left knee, and was captured the 
Federal remained prisoner until April, 1863, when 
was exchanged. 

medical examining board having pronounced him unfit for active 
duty, was assigned Acting Commander Cadets the Virginia 
Military Institute, position which held until September, 1863, 
when applied for readmission into the Confederate Army and was 
accepted, notwithstanding the fact that his wound was unhealed. 
was assigned duty Inspector-General Artillery, Second Corps, 
Army Northern Virginia, and participated number battles 
1863 and 1864. the Wilderness Spottsylvania, 1864, while 
command battalion artillery, received slight wound his 
right arm. February, 1865, became Lieutenant-Colonel 
Artillery, which capacity served until April that year, when, 
the Battle Sailer’s Creek, just three days before the surrender 
Appomattox, was wounded, and the next morning his right leg was 
amputated between the knee and the hip. While lying wounded, 
Colonel Cutshaw gave his final parole, after record the most 
gallant and self-sacrificing service. His name identified with Cut- 
shaw’s Battalion, one the serviceable and famous the 
artillery arm the Confederate service. 

For year following the close the war Colonel Cutshaw engaged 
temporary pursuits. September, 1866, was appointed Assistant 
Professor Mathematics the Virginia Military Institute, the 


. . 
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position held previous the war Major, afterward General, 
Jackson. 

January, 1868, was appointed assistant Mr. Charles Stone, 
Engineer and Superintendent the Dover Coal and Iron Company, 
Henrico County, Virginia. still continued his connection with 
the Virginia Military Institute, Professor Mathematics, be- 
coming, 1871, Professor Civil and Military Engineering, which 
position held until the fall 1873, when was elected City Engi- 
neer Richmond, Va. The latter position filled ably for more 
than thirty-four years. 

During his service City Engineer Richmond, Colonel Cutshaw 
saw the city practically rebuilt, and the last traces the ravages war 
obliterated. this work encountered many difficulties. The 
streets and avenues were resurveyed, graded, and paved, and the parks 
and boulevards laid out. One his ambitions was turn every avail- 
able foot space into resorts for the public, and especially 
for the children. During his term office the water-works system was 
entirely reconstructed and the mains extended. Perhaps the most 
notable work the City Engineer’s Department this period was 
the construction the City Hall, which was built day labor under 
the personal supervision Colonel Cutshaw and his assistants. 

Colonel Cutshaw held membership the Royal Arcanum, the Vir- 
ginia Historical Society, and the Southern Historical Society. For 
many years was President the Alumni the Virginia Military 
Institute, and active member and patron the Richmond Young 
Men’s Christian Association. 

was married Mrs. his first wife, December, 
1876. She died two months later. January, 1890, married Miss 
Morton, Richmond, who died December the same year. 

Colonel Cutshaw’s policy had always been comprehensive system 
permanent improvement, rather than any temporary provision, and 
the whole sewerage system built Richmond during the past thirty 
years the result his scientific study. was known man 
iron will, indomitable perseverance, and the highest integrity. 
was stern, and unbending, and required implicit obedience and 
the best that was his assistants, yet was always considerate for 
the unavoidable shortcomings others, and stood with unflinching 
those who were true and faithful. 

Colonel Cutshaw lived with Mrs. Calvin Whitely, Jr., his niece, 
who regarded him almost her father. had been ill for several 
weeks, and his long and eventful life came peaceful end 
December 19th, 1907. 

was elected Member the American Society Civil Engi- 
neers March 4th, 1891. 
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CHARLES DAVIS, Am. Soe. E.* 


Diep 21st, 1907. 


Charles Davis was born Bridgetown, Bucks County, Ohio, 
July 11th, 1837. His mother died when was eleven years old, and 
left home live his uncle’s farm. was educated the county 
schools and Jefferson College. 1861, while his junior year 
college, enlisted the Army and served during the Civil War. 

After his discharge from the Army entered engineer corps 
making surveys Lawrence County, Pa., and later accepted position 
corps surveying for the Western Pennsylvania Railroad. 

1867 Mr. Davis was elected City Engineer Allegheny, which 
position filled for about eight years. During his term the Allegheny 
parks were laid out, and sewerage system was put in. had the 
general supervision the Point Bridge. 

1878 made the preliminary surveys for the Pittsburg and 
Lake Erie Railroad, from Pittsburg Youngstown, Ohio. also 
made surveys for other branches this road Connellsville, Pa. 
the erection the buildings the Pittsburg Bessemer Steel Company 
Homestead, 1880, was Superintending Engineer, and, subse- 
quently, was Engineer for the Monongahela Bridge Company. 1881 
was elected County Engineer Allegheny County, Pa. con- 
junction with Mr. Richardson, Architect for the present Court 
House, helped supervise the erection that building. held 
the position County Engineer for twenty-six years. 

1868 Mr. Davis was married Miss Annie Cooper, daughter 
James Cooper. She died 1881. They had five children, whom 
three survive him: Norman Cooper Davis, Charles Davis, and Mrs. 
Thomas Leggate. 

Mr. Davis died, after brief illness, his home Edgeworth, 
pleurisy, complicated with other ailments. had been suffering for 
some weeks from severe cold, but his associates did not suspect that 
his illness was serious. 

Mr. Davis was appointed the soldiers Allegheny County 
member the Committee Ten for the erection the Allegheny 
County Memorial. was active the work this committee, and 
was present the meeting the County Commissioners when the 
selection the plan, from the ten designs submitted, was made. 

was member the Abe Patterson Post, No. 88, the Grand 
Army the Republic; Encampment No. Union Veteran Legion; 
McKinley Lodge, No. 318, and M.; Allegheny Chapter the 
Royal Arch Masons; Pennsylvania Commandery and Council. 


Memoir prepared the Secretary from papers file the Society House. 
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was Charter Member and Past-President the Engineers’ Society 
Western Pennsylvania, and Treasurer the Academy Science 
and Art, Pittsburg. 

Mr. Davis was elected Member the American Society Civil 
Engineers September 15th, 1869. 


IRVING TUPPER FARNHAM, Am. E.* 


19TH, 1908. 


Irving Tupper Farnham was born Deposit, Delaware County, 
Y., August 21st, 1869. His parents were Charles and Julia 
(Tupper) Farnham. After preparatory course Deposit Academy, 
entered the College Civil Engineering Cornell University, 
1888, and was graduated 1892 with the degree Civil Engineer. 
was esteemed highly his professors, and held the position 
Librarian during his last two years college. 

His first engagement after graduation was Draftsman with 
the Elmira Bridge Works. June, 1892, entered the office the 
late Albert Noyes, Am. Soc. E., City Engineer Newton, 
Mass., where obtained experience variety municipal work, 
first Instrumentman the Cheese Cake Brook drainage improve- 
ment, then surveys for the assessors’ block system, and then the 
Hammond Pond drainage survey for the Board Health. 1894 
took charge the surveys and construction the first and second 
sections the Newton Boulevard, Division Engineer, having field 
office Chestnut Hill. 

the completion this work was put charge the 
Washington Street widening and the abolition grade crossings 
the north side the city. 1898 conducted the surveys for the 
South Meadow Brook improvement and made preliminary studies for 
the abolition grade crossings the south side the city. 

February, 1899, Mr. Farnham was appointed Principal Assistant 
Engineer the Massachusetts Highway Commission, which position 
filled satisfactorily for little more than year. 

April, 1900, after the resignation Henry Woods, Am. 
Soe. E., City Engineer Newton, Mr. Farnham was appointed 
his successor. held this position until his death, September 
1908. 

The following are some the most important works carried out 
under his direction: 1900 the extension the main sewers along 
the banks the Charles River toward Newton Upper Falls, and 


Memoir prepared the Secretary from information file the House the 
Society, and from memoir published the Boston Society Civil Engineers. 
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1901 further extension under the Charles River Echo Bridge 
tunnel Elliot Street. During that year plans were made for 
second section the covered reservoir Waban Hill, which work 
was commenced but not finished until the following year. 1902 
further sewer extensions were made toward Newton Highlands and 
Chestnut Hill. Some these and former sewer extensions involved 
tunneling under the Cochituate and Sudbury Aqueducts the Metro- 
politan Water-Works, and required the greatest care. 1902, 
accordance with agreement with the Boston and Worcester Railway 
Company, that company began the widening about miles 
Boylston Street, the City Newton putting the drains and inlet 
basins day work, all under Mr. Farnham’s direction. 
auxiliary pumping plant, for sewer district Newton Upper Falls 
which was below the level the main sewer, was also designed and 
built him. 1903 the work abolishing the grade crossings 
the Boston and Albany Railroad the south side the city was 
commenced, all the changes the streets and drains being under- 
taken the city. this work the proper drainage the depressed 
tracks made necessary lower long stretches brooks and drains 
and also make some changes the sewers. new concrete bridge 
over the Charles River Newton Lower Falls, replacing the Old Red 
Bridge Weston, was designed and constructed Mr. Farnham 
1906. 

was always student, and the details all work undertaken 
his office received his conscientious and painstaking attention. 
was always pleasant with his associates and interested their welfare. 

Mr. Farnham was Member the Boston Society Civil Engi- 
neers, and deeply interested its work. was Director that 
Society, Clerk the Sanitary Section, and, the time his death, 
was Chairman the Committee Run-off that section. 
spent much time the study the question run-off from sewered 
areas. 

was also member the New England Water Works Associa- 
tion, and the Massachusetts Highway Association, which was 
President 1904. The following quotation from the resolutions 
passed that Association shows the esteem which was generally 


held: 


man character above reproach, official most devoted 
and thorough attention every detail his duties, professional 
man whose grasp difficult questions was sure yield convincing 
argument for against the proposition involved, and whose courage 
never permitted him lower the standard had raised govern- 
ing principle his work, had achieved enviable position 
competent, safe and practical engineer, and there seemed bar 
greater success his career. 
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“Too close application resulted bodily affliction and breaking 
under the strain, and (we quote the language his pastor the 
funeral) ‘sudden darkness came upon his mind, and that moment 
darkness, knowing nothing, died.’ 

“His birth, school and college days, preparation for his future, 
and the time his death are your official records, and add now 
qualities which make for high purpose, purity life, perseverance 
under difficulties, and abiding trust the Eternal Wisdom, which 
made and controls the earthly existence and the destinies men.” 


Mr. Farnham was member the Congregational Church West 
Newton, and much interested its Sunday-school work. was 
married March 27th, 1892, Miss Jennie Carroll. His wife and 
four children survive him. 

was elected Member the American Society Civil Engi- 
neers May 1907. 


DANIEL FARRAND HENRY, Am. E.* 


May 1907. 


Daniel Farrand Henry was born Detroit, Mich., May 27th, 
1833. was the only child Dr. Stephen Chambers Henry and his 
second wife, Charlotte (Farrand) Henry. His father was native 
Pennsylvania, who, after his graduation from the University 
Pennsylvania, 1809, moved Detroit where began the practice 
medicine. served Army Surgeon during the War 
1812, being taken prisoner the surrender Detroit General Hull. 
was also active local and State affairs. His mother was 
daughter Daniel Farrand, one the Judges the Supreme Court 
the State Vermont. 

his father’s side, Mr. Henry was descended from Robert Henry 
who, with his family, settled Chester County, Pennsylvania, 1722. 
His great-grandfather, William Henry, who had moved Lancaster, 
Pa., served Armorer under Generals Braddock and Forbes the 
expeditions against Fort Duquesne. William Henry took active 
part local and State affairs, holding many positions trust. 
During the War the Revolution was appointed Assistant Com- 
missary General the United States, and served two terms (1784- 
1786) Member the Continental Congress. was Member 
the American Philosophical Society, Charter Member the 


*Memoir prepared the Secretary from information supplied Mr. Henry’s 
nephew, William Henry, Esq., and from papers file the House the Society. 
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Society for Promoting Agriculture, and one the Founders the 
Juliana Library Company, Lancaster, Pa. Mr. Henry’s grand- 
father, John Joseph Henry, served under General Benedict Arnold 
the campaign against Quebec, being captured and afterward paroled. 
1793, was appointed President Judge the Second Judicial 
District Pennsylvania, holding this position until year previous 
his death. 

His father died when Mr. Henry was only one year old. 
was delicate child, did not attend school, but was taught the 
primary branches his mother, who was well qualified for the task. 
made such rapid progress under his mother’s tuition that was 
soon able read books character much above the capacity boys 
his age, and much his time was spent indoors, account 
his health, found his chief pleasure books. 

When was ten years old, Mr. Henry was sent Canandaigua 
Academy, where remained only short time. then attended the 
old Capitol School, Detroit, and from there was sent school 
Newark, Ohio, and then Canandaigua Academy. When was 
sufficiently advanced begin his higher studies, attended scientific 
school Providence, I., where made rapid progress, his pro- 
ficiency the higher mathematics being phenomenal. seemed 
accomplish intuition what most people attain only laborious 
effort and persistent study. 

was member the first class Sheffield Scientifie School 
Yale University, and was graduated with 1853. 

Upon his return Detroit, 1853, Mr. Henry was appointed 
position the United States Lake Survey, under Lieutenant 
Reynolds, A., who was then charge the Survey the 
Northern and Northwestern Lakes for that District. continued 
this work until 1871, holding various important positions, under 
Lieutenant Reynolds and several his 1856, was 
chief shore party; from 1861 1867 was charge the 
triangulation and the measurement primary bases; from 1868 
1871 superintended the measurement the outflow the Lakes; 
and for about six years was also charge the Meteorological 
Department. 

During the seventeen years his connection with the Government 
Survey the Northern and Northwestern Lakes, Mr. Henry 
lated valuable information result his untiring observations 
and experiments, much which may found publica- 
tions. His observations the overflow the Lakes and the sudden 
rise and fall their levels, are regarded the highest authority 
the subject, and have been the cause much discussion. was 
connection with these observations that invented the telegraphic 
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current meter which has come into general use for velocity measure- 
ments and for which, together with the flexible inlet pipe, invented 
for use the Detroit Water-Works, was granted medal the 
Centennial Exposition 1876. His book the “Flow Water 
Rivers and Canals” has received the highest praise. 

Mr. Henry took active interest affairs outside his work. 
Being enthusiast about physical exercise, was one the organ- 
izers the Detroit Gymnasium 1856. was also member 
the Young Men’s Society, before which frequently delivered scien- 
tific lectures. was also one the organizers the Detroit 
Association, serving one its Curators for several years. 

1871, Mr. Henry became partner the Chicago Seed Com- 
pany, remaining the seed business until 1873, first Chicago and 
afterward Detroit. His company was burned out the great 
Chicago fire October 8th and 9th, 1871, which Mr. Henry lost, 
besides his business, large portion his library, much which 
could never replaced. 

1872 was appointed Chief Engineer the Detroit Water- 
Works, continuing this position until 1878. During this time the 
present pumping works above the city were constructed, and was 
for use this plant that Mr. Henry invented the flexible inlet pipe 
already mentioned. 

1880, went the Upper Peninsula Michigan Consult- 
ing Engineer for the Detroit, Mackinac, and Marquette Railroad. His 
first work was connection with observations the ice the Straits 
also made canoe trip from Lake Superior Lake 
Michigan order examine the drainage the swamp through 
which the railroad was pass. 

During his residence the Upper Peninsula Mr. Henry laid out 

nine villages and stations for the Peninsular Land Company; was 
engaged for some time Sault Ste. Marie, the employ water- 
power company; and designed new system for the 
city; was the Architect the present Chippewa County Court 
House; and for some years was engaged private practice. 
About 1890 Mr. Henry returned Detroit, where was private 
practice Consulting Engineer until his death May 13th, 1907. 
One his last works engineering was Projector and Chief 
Engineer the St. Clair and Erie Ship Canal, which, however, was 
never built. 

Mr. Henry had never married. had taken all the Masonic 
degrees, and was Member the Veteran Corps the Detroit Light 
Guards, which had joined the later Fifties. 


Mr. Henry was elected Member the American Society Civil 
Engineers July 7th, 1875. 
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GEORGE ANTHONY LEDERLE, Am. Soc. 


Diep Marcu 1905. 


George Anthony Lederle was born, German parentage, 
Detroit, Mich., September 4th, 1858. His father was, for many 
years, the United States Lighthouse Service, engaged construct- 
ing lighthouses. 

Mr. Lederle entered the University Michigan 1877, and was 
graduated 1881 Civil Engineer. After leaving the University, 
was engaged for several years with the late George Morison, 
Past-President, Am. Soc. E., bridge construction. During this 
time was charge the construction the Union Bridge 
across the Missouri River, Omaha, Nebr., the bridge across the 
Willamette Portland, Ore., and the viaduct Morent Mountain. 

George Christie and Jesse Lowe, Members, Am. Soc. E., 
having organized the firm Christie and Lowe, engage general 
contracting, invited Mr. Lederle join the firm. After considering 
the proposition for year, decided become partner, which 
did 1892. During his connection with this firm, Mr. Lederle had 
personal charge some its most important contracts. When the 
build the jetties the Southwest Pass was awarded 
this firm went New Orleans, La., and took charge 
the actual construction. was engaged this work when died, 
after short illness, March 27th, 1905. 

Mr. Lederle was not married. was Member the Western 
Society Civil Engineers and the Louisiana Engineering Society. 
was also Member the Delta Kappa Epsilon Fraternity. 

was known all over the United States civil engineer 
renown, and obituary notice, dictated his partners and 


published The Daily Picayune New Orleans, La., stated 
that: 


“Mr. Lederle was ever quiet demeanor. was man who 
had little say, but who meant what said. strong convictions, 
strong likes and dislikes, was ever kindly and gentle. Those 
who knew him, knew him only love him, and had friends the 
hundreds all parts the country. The two surviving members 
the firm who worked with him through many years, particularly 


feel the loss, for few knew him better loved him more than 
these two.” 


Mr. Lederle was elected Junior the American Soriety Civil 
Engineers May 2d, 1883, and Member October 6th, 1886. 


Memoir prepared the Secretary from papers file the House the Society. 
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JOHN EGBERT McCURDY, Am. E.* 


Diep 1908. 


John Egbert McCurdy was born near Quitman, Miss., June 
10th, 1861. His parents moved Lawrence, Kans., 1864. 
was very delicate child, his parents sent him Boston, 1866, 
where was placed under the specialist; the end two 
years, however, returned his home with his health but little 
improved. 

was educated the Lawrence High School and Kansas State 
University where spent three years. During his college years 
was engaged various land and town surveys. 

leaving college served for two months Transitman 
location surveys for the Carbondale Extension the Kansas Pacific 
Railway, and then Topographer, Office Engineer, and Assistant 
Engineer, the Kansas City, Springfield, and Memphis Railway, 
first surveys, and finally construction. For few months 
1883 was engaged private practice Paso, Tex. then 
went Mexico Topographer surveys for the Mexican Central 
Railway. From 1884 1887 served the Operating Department 
the latter railway, and was afterward appointed Division Engineer 
the Guadalajara Extension. 

From July, 1888, November, 1890, Mr. was employed 
Locating Engineer the Mexican Southern Railway, then, until 
June, 1892, Division Engineer charge the construction the 
Tomellin Cafion Division, and was then engaged reconnaissance 
surveys for that railway until January, 1893. 

From January, 1893, May, 1894, was private practice 
the City Mexico, reporting water-works and railways. During 
this period made surveys for the Ferrocarril Guadalupe 
Zacatlan, and, Manager and Chief Engineer, located the Ferrocarril 
del Cazadero Solio, which was partly graded when work was sus- 
pended for financial reasons. 

June, 1894, was appointed Resident Engineer the Chi- 
huahua Water-Works, for which conducted the surveys, design, 
and construction. 

Mr. McCurdy was interested several mines the States 
Chihuahua, Durango, and Oaxaca, and carried out considerable con- 
tract work the construction buildings, sewers, and irrigation 
projects. the time his death had just completed the con- 
struction the Oaxaca and Oriental Railway. 


Memoir prepared the Secretary from information supplied Miles, Am. 
Soc. E., and from papers file the House the Society. 
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Mr. McCurdy was one the best known engineers Mexico, and, 
the design and work, was considered very capable 
man. His opinions eagerly sought, both engineers and con- 
tractors, when difficult problems were encountered. 

was Member the American and Jockey Clubs, the City 
Mexico. 

died the Hospital, the City Mexico, 
December 14th, 1908, the effects surgical operation. 
survived two Mrs. Mais, Texas, and Miss Eleanor 
McCurdy, 


Mr. McCurdy was elected Member the American Society 
Civil Engineers Apr Ist, 1896. 


WILLIAM ANSON PEARSON, Jr., Am. Soc. E.* 


May 1908. 


William Anson Pearson, Jr., son and Margaret Pearson, 
was born July 29th, 1855, Athens, Bradford County, Pa., where 
received his early education. was graduated from the High 
School Sayre, Pa., 1870. 

served his apprenticeship machinist the shops the 
Delaware, Lackawanna, and Western Railroad, Scranton, where his 
exceptional ability soon won him the position foreman. 

served the Motive Power and Civil Engineering Depart- 
ments the Union Pacific Railroad, Omaha, Nebr., for three 
years. 1879 and 1880 was Master for the Virginia- 
Trukkey Railroad Carson City, Nev., and from 1880 1884 was 
Superintendent Construction the Comstock Lode, charge 
the connection all the mines with the Sutro Tunnel. 

1884 moved Boston, Mass., and practised Consulting 
Engineer for two years. Then for year was Superintendent 
the Marine Engine Department the Dickson Manufacturing Com- 


pany, Pa. From 1887 1893 was with the Boies. 


Steel Wheel Company, Scranton, first charge design and con- 
struction, and later Manager the plant. 

1893 Mr. Pearson became associated with the General Electric 
Company, with headquarters Schenectady, Y., and from that 
time until his death was Chief Engineer, charge the design and 
construction all buildings, steam and water mains, railroads, sewers, 


yards, ete. The buildings the various plants this company bear 
witness his ability. 


*Memoir prepared the Secretary from information furnished Reynolds, 
Assoc. Am. Soc. E., and from papers file the House the Society. 
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Mr. Pearson was greatly beloved his associates because his 
thorough honesty everything. the latter part his life, was 
his aim help young men their upward the world. 
was very eager and ready assist wherever could, and many 
enjoyed his help and inspiration. 

Mr. Pearson was active member the Masonic Order, and 
the time his death was member St. Lodge, No. 
and M.; St. George’s Chapter, No. 157, M., and St. George’s 
Commandery, No. 37, Knights Templars. was also Member 
the American Society Mechanical Enginé rs, Member the 
Royal Arcanum, and active worker and officer the First Presby- 

1885 married Miss Mary Burns, who died year later, and 
1888 married Miss Helen Franklin, who died 1896. 
survived one sister, Mrs. Lucy Cordeaux, and her daughter, 
Miss Helen Cordeaux, Schenectady, 

Mr. Pearson’s health failed continuously for about year previous 
his death, but his enjoyment his work was such that was with 
difficulty that was persuaded leave it. However, decided 
take trip Virginia and possibly abroad, with the expectation 
then resuming his work, but had just started upon his journey 
when was taken seriously ill and immediately returned his home 
Schenectady. had been home but few hours when died. 

Mr. Pearson was elected Member the American Society 
Civil Engineers September 6th, 1905. 


ARCHIBALD ALEXANDER SPROUL, Jr., Am. Soe. E.* 
Diep 1910. 


Archibald Alexander Sproul, Jr., son Archibald Alexander 
Sproul, was born January 10th, 1868, near Middlebrook, Augusta 
County, Va., where resided, until reached his majority, the 
old family home first settled the Sprouls 1745. His parents were 
the Scotch-Irish stock the region, and Presbyterians. 

The son, like the father, was educated Washington College, 
Lexington, Va. (now the Washington and Lee University), and was 
graduated June, 1890, when took his profession Civil 
Engineer. was one the most popular men the University both 
with his fellow-students and the society the town. 

Immediately his graduation Professor Humphreys, his 
Instructor, who was also Engineer for the Grottoes Company and 


Memoir prepared David Humphreys and Robert Ridgway, Members, Am. Soc. 
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engaged laying out town known Shendun, organized what 
called “The College Party,” composed entirely college students, 
and put Mr. Sproul charge. His work this position was more 
than satisfactory, and was considered Professor Humphreys 
the best had ever known done boy, fresh from college and 
without any previous practical experience. 

For short time after this Mr. Sproul was engaged other lines 
than Civil Engineering, having charge, for some time, match 
factory the region his home. 

The Official Survey Roanoke, Va., having been ordered the 
Court, was undertaken 1891 under the direction Mr. George 
Wood and the City Engineer, Mr. William Dunlap. Early the 
following year Mr. Sproul sought and obtained position with the 
Survey, and remained with until June, 1893, when resigned 
take charge, Assistant Engineer, one the parties organized for 
the Topographical Survey the City Baltimore, which General 
Henry Douglas was Chief left October 31st, 1895, 
the practical completion the field work this important and 
well-known survey. Both the surveys mentioned were made precise 
methods practically applied, and Mr. Sproul’s assistance obtaining 
the very satisfactory results was much appreciated his superior, 
Mr. Wood, who often refers him the warmest terms. 

March, 1896, accepted position Assistant Engineer 
the Bureau Highways, Borough the Bronx, New York City, 
which retained for more than four years. This covered period 
great development the highway system the Borough, and 
was closely identified with its work construction. 

June, 1900, Mr. Sproul entered the service the Rapid Transit 
Railroad Commission, New York City, and was placed responsi- 
ble charge, Assistant Engineer, the heavy section subway 
construction known “6B,” Broadway, between 82d and 104th 
Streets, remaining there for more than five years, until the work was 
completed and the road successful operation. This was one the 
most important sections construction the line the Manhattan- 
Bronx subway, and included the complicated details the junction 
the Broadway and Lenox Avenue branches above the 96th Street 
Station. The estimated cost its construction was about 000 000. 

The Board Water Supply, provided for act the Legisla- 
ture 1905, for the purpose securing additional supply water 
for New York City, was appointed June, 1905. September 
that year Mr. Sproul took position Assistant Engineer with that 
Board, and when the organization the Engineering Bureau was 
permanently effected, was, April 15th, 1907, made Division Engi- 
neer the Division the Catskill Aqueduct, which 
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designed for capacity 500000000 gal. daily. This Division, 
miles long, the east side the Hudson River, and extends from 
the vicinity the Village Cold Spring south the Croton water- 
shed, traversing the rough and country the Hudson High- 
lands. addition about miles open-cut work, includes three 
tunnels, one more than two miles long, well three steel pipe 
siphons, aggregating about two miles length. The line was located 
under Mr. Sproul’s personal direction, and was intelligently and 
vigorously prosecuted that little more than year after took 
charge the difficult work was accomplished and the entire division, 
except the three siphons, was ready placed under construction. 
the spring 1907 contract estimated value more than 
100 000 was let for the work, exclusive the siphons, Mr. Sproul 
remaining charge the construction until May 9th, 1909, when 
resigned become Managing Engineer for the Receivers the 
original contractor, who were then carrying the work. This position 
occupied until resigned March 1910. 

While visit his old home Virginia during the following 
month, had attack pneumonia, and, after short illness, died 
April 26th, 1910. His widow, who was Miss Mary Cotton, 
New York City, whom was married October 12th, 1897, and 
son nine years age, survive him. 

man broad views and deep convictions, flawless rectitude 
and high attainments his professional work, Mr. Sproul was clear 
his perception his duties, and fearless carrying out without 
prejudice what believed was right. was discreet his friend- 
ships, and having selected his friends, one was more loyal them 
than he. More than most men was beloved and respected for his 
many amiable and sterling qualities those who had the privilege 
knowing him well, and the profession poorer reason his 
death. 

Mr. Sproul was Member the American Society Civil 


RICHARD FENWICK THORP, Am. Soe. E.* 


1908. 


Richard Fenwick Thorp, the second son the Reverend William 
Tudor Thorp, Charlton Hall, Northumberland, England, was born 
September 2d, 1868. His education was begun Malvern College 
and continued Richmond, Yorkshire. 1887 entered the Royal 
Indian Engineering College, Cooper’s Hill. 


Memoir prepared the Secretary from information furnished Mr. 
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1890. Mr. Thorp entered the service the Great Western 
Railway, first unpaid assistant, later full assistant, and then 
Executive Engineer. During his seven years with this company, 
made bridgework his special study. the time joined, the main 
line was being double-tracked, and, after assisting the widening 
Maidenhead Bridge (having two brick arches, each 127 ft. span), 
Moulsford and Gatehampton Bridges (each having four brick arches, 
and ft., respectively), was put charge 6-mile section 
which included the Kennet Bridge 60-ft. brick arch) and several 
large steel overbridges. March, 1892, was appointed the staff 
Mr. Trench, Chief Engineer, inspect and report the old 
iron and timber bridges the whole the company’s system, and 
design new superstructures where necessary. Some these old 
bridges were the stone and timber viaducts erected across the Cornish 
valleys Brunel, and, though most cases, they were perfectly 
sound, they were not suitable for the much greater traffic and heavier 
loads modern times. 

When this work was finished Mr. Thorp was put charge 
various new works for the company, and for two years was Executive 
Engineer charge the widening the Berks and Hants Section, 
between Hungerford and Devizes (23 miles), which work included the 
designing all necessary bridges. 

1897 Mr. Thorp became Chief Engineer the Kanan Devan 
Hills Products Company, South India, and took his duties there 
March, 1898. The company had obtained from the Travancore 
Government, concession 200 sq. miles land the hills North 
Travancore, known the High Range, for the purpose growing 
tea, coffee, cinchona, and other produce. The country, however, was 
almost inaccessible, communication being restricted few bridle 
paths. All materials and provisions were carried from the low 
country the heads coolies pack bullocks and donkeys, 
wheeled vehicles being unknown the hills. 

The first works undertaken were wire ropeway from the foot 
the hills the top, and, from the top this ropeway Munaar, the 
center the planting district, miles cart road which was laid 
Ewing one-rail tramway. The ropeway had rise 4200 ft., was 
miles long, and was operated electricity, generated water- 
power the bottom. 

Then miles cart road were made (for the Madras Government) 
from the foot the ropeway, connect with the Government roads 
the plains; and miles cart road were built from Munaar, 
connect with the Government roads the other, northern, side 
the concession (for the Travancore Government). 

All these works were carried out with native labor, under Mr. 
Thorp’s personal supervision, with one two European assistants. 
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All the necessary bridges were designed him. The work road 
making these hills was means easy, account the rough 
and steep nature the ground, the difficulty and carrying 
large pieces ironwork, and, not least, the terrible havoc wrought 
the Southwest Monsoon anything but firmly established work. 

the time the roads were finished and other smaller works (such 
water-power schemes for the various new factories the district) 
were completed, the tea was grown and coming into full bearing, 
and, although Mr. Thorp’s original 5-year appointment was ended, 
the company asked him remain and complete electrical power 
scheme facilitate the increasing work many factories 
possible. 

Near Munaar there large waterfall known the Pullivasal 
Falls, giving head 380 ft. and minimum supply 2000 ft. 
per min. watercourse and head tank were built along the face the 
rock the head the falls, and from there two pipes were conducted 
the power-house the jungle below, there operating two turbines 
coupled two 100-kw. alternating-current generators. The current 
transmitted, volts, over the hills different directions 
five factories distances varying from miles. There was great 
erecting machinery such steep and deeply wooded 
country. For some the pieces, the bridle roads had widened, 
and their weight, considered only from the standard human labor, 
was tremendous. was completed, however, and worked successfully 
from the first day the power was applied. 

August, 1906, Mr. Thorp returned England, and later entered 
into partnership with Mr. Thwaite. Soon after this, however, 
his fatal illness began, and, though fought with untiring patience 
and courage, died London July 28th, 1908. was buried 
Alnwick, Northumberland, among his own people. 

Mr. Thorp held strong views the necessity for professional 
education and continual study, well practical experience, the 
qualification a-Civil Engineer. was one who, all times, up- 
held the honor his profession, and was held high esteem, his 
colleagues, for his thorough professional knowledge; his subordi- 
nates for his just dealing; and all, for his unimpeachable integrity. 

was made Member the Institution Civil Engineers 
March 28th, 1905, having passed through the preliminary grades 
Student and Associate Member, and 1907 was awarded the Cramp- 
ton Prize for his paper the “Munaar Valley Electrical Power 
Scheme.” 

Mr. Thorp was elected Associate Member the American 


Society Civil Engineers October 5th, 1904, and Member 
March 5th, 1907. 
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HYDROGRAPHY AID THE SUCCESSFUL 
OPERATION IRRIGATION SYSTEM. 


DECEMBER 7TH, 1910. 


The successful operation large irrigation project task 
that requires both engineering skill and business ability. The tendency 
toward larger projects inevitable one West; some them 
now cover 300 sq. miles territory, and include 
cities within their boundaries. 

Within these communities the highest type agricultural develop- 
ment found. Small holdings and intensive cultivation the 
keynote success, both from the standpoint the management and 
the agriculturist. 

The time not far off when the water used these large systems 
will distributed carefully under the metered systems large 
cities, where patrons pay only for the water they use. the absence, 
however, simple device for measuring the total quantity, the 
present method delivering water continuous rate the most 
practicable. Contracts for water usually specify certain rate 
flow per acre land irrigated. This method ineffectual, for obvious 
reasons, and becomes less effective the size the farm unit becomes 
smaller, but adopted because simplifies operation. simple 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 
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and inexpensive device measure the total quantity flowing 
open channel effectively meter measures that flowing pipe, 
great need; for such device, general use, would overcome 
hundred difficulties which are now almost insurmountable. 
many projects, the practice rotation followed with excellent 
results, but the rate-measurement still necessary. 

Except the larger canals and laterals, not likely that any 
device can supersede weirs; but many such channels there not 
sufficient fall permit their use. The only other method available 
that the current meter. 

During the seasons 1908 and 1909 the writer made hydro- 
graphic study the Sunnyside Project the United States Reclama- 
tion Service Washington. The work 1908 included seepage in- 
vestigations certain laterals the system selected for that purpose; 
and 1909 similar study the entire system was instituted, with 
plans for its continuance operation adjunct. this work 
involved some interesting features water measurement current 
meter and weirs, discussion the hydrographic work conducted 
that project will doubtless interest engineers engaged 
irrigation practice. 


GENERAL DESCRIPTION THE SUNNYSIDE 


The Sunnyside Canal diverts water from the left bank the 
Yakima River, Sec. 28, N., E., Willamette Meridian. 
The canal system was purchased from the Washington Irrigation 
Company the United States Reclamation Service 1906. then 
irrigated about acres land, and the plans the Reclamation 
Service are for its ultimate enlargement cover 90000 acres. Active 
operation the Government began 1907. 

The canal now miles length, and parallels the Yakima 
River its general direction. irrigates practically all the land 
between the canal and the river, and has one lateral—Mabton Siphon— 
which the river lands the south side. all, about 
000 acres land were irrigated 1909. 

The soil the valley ash, loam, sand, and clay, with 
occasional deposits gravel. Near the lower extremity the canal, 


lava rock found, porous texture, with occasional pockets 
large voids. 
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Sandy ash makes exceedingly productive soil, and 
some the crop values reported are almost beyond belief. The better 
fruit lands lie along the upper portions the canal and the higher 
elevations the lower portions. Diversified farming the rule, and 
small holdings from acres predominate. the favorable 
sections fruit the leading crop, and other parts large quantities 
alfalfa are grown. The lands above the canal are covered with 
sage-brush, and their desert-like appearance presents striking con- 
trast the well-kept orchards and green alfalfa fields below it. 

The rainfall averages in. per annum, large portion which 
snowfall during the winter. 

The Operation Department concerned with the distribution 
the water, the maintenance the system, the collection rentals 
and fees, and the returning the Reclamation fund the cost 
construction. For ease operation, the main canal and the principal 
laterals are divided into beats. Each beat charge patrolman 
whose duty inspect daily the condition his portion the 
main canal, regulate the headgates for the diversion the water 
from the main canal the laterals, and for the delivery water 
individual tracts. 

Mile-posts have been placed throughout the entire length the 
main arteries, and place-designations are made numbers correspond- 
ing their distance miles from the intake. convenient points 
telephone booths have been erected, and the entire system connected 
telephone with the manager’s office. 

Gauging stations are established the extremities each beat, 
where the discharge measured. all points diversion from the 
main arteries, there are weirs other measuring devices the 
laterals, with gauges indicate the head water. Readings gauge 
heights gauging stations, and the head water weirs 
diverting laterals, are made each morning the patrolmen, who 
report telephone the manager’s office, where receiving 
clerk records them suitable forms. The patrolman’s report card 
forwarded the office after the Saturday report, where the reports 
received telephone are checked against the original records. 

The collecting these records charge field engineer 
hydrographer, who also makes the necessary current-meter measure- 
ments, and computes and analyzes the data they accrue. also 
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makes daily, weekly, and monthly reports the manager, showing 
the quantity water received the intake, the quantity diverted 
into laterals for irrigation, and the quantity wasted and lost. These 
reports are used the manager and superintendent for regulating the 
water throughout the entire system, order meet the ever-changing 
requirements. 

1909 the division the canal system into beats was made with- 
out consulting the Hydrographic Division, since operation require- 
ments governed the selection, rather than ease determining flow. The 
hydrographer, therefore, was required determine discharges cer- 
tain designated points without regard obstructions poor gauging 
conditions which might encountered. 

Table gives the subdivisions for 1909, and the manner which 
the stations are designated. For convenience, the gauging stations 
are given names corresponding the nearest even mile number. The 
number and kind measuring devices the head diverting 
laterals also given. 


TABLE 1.—SUBDIVISIONS SUNNYSIDE CANAL SYSTEM, FOR 
OPERATION REQUIREMENTS, 1909. 


EXTENDS: 
Number Number and kind 
beat. From To: diversions. 


1-ft. 
Weirs. 
3-ft. Weirs. 
Zillah Waste-way. 


17.00-Mile 1-ft. Weirs. 
Weirs. 
Weirs. 

6-ft. Weir. 


1-ft. Weirs. 
2-ft. Weirs. 
Weirs. 


-ft. Weirs. 
ft. Weirs. 


27.60-Mile 


27.60-Mile 30.34-Mile 


ft. 
ft. Weirs. 
ft. Weirs. 


ft. Weirs. 
Weir. 
3-ft. Weirs. 
Snipe’s Mountain Lateral. 
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TABLE 1.—Continued. 


Number Number and kind 
From: To: diversions 


LATERAL. 


Intake 6-Mile 


6-Mile Weirs. 


Weirs. 
Weir. 
Weir. 


Forp 


Intake 


Weirs. 
Weirs. 
Weirs. 
Weir. 
Weir. 
Weirs. 


Weirs. 
Weir. 


Weirs. 
Weirs. 
Weirs. 
Weir. 

-ft. Weir. 


Weirs. 
4-ft. Weirs. 
6-ft. Weir. 

| 


42.63-Mile 48.31-Mile 


ne 


COM 


48.31-Mile 52.05-Mile 


12-ft Weir. 
Mathieson Lateral. 


1-ft. Weirs. 
Weirs. 
4-ft. Weir. 
Weirs. 


59.47-Mile 1-ft. Weirs. 
Weirs. 
Weir. 
4-ft. Weirs. 
6-ft. Weir. 


52.05-Mile 


Between the intake and the 17-Mile station the main canal there 
are great many miner’s-inch modules. All deliveries Beat 
and about half the deliveries Beat are provided with these 
modules. They consist elongated orifice, in. high, with slide 
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Weirs. 
13-ft. Weir. 
Turner Lateral. 
sys 
Weirs. 
12-ft. Weir. 
18-ft. Weir. 
th: 


which the length the orifice can varied. There long 
spillway which purports keep the water head in. over the 
top the orifice. They are crude structures, and are very indifferent 
measuring devices, but their use required the terms contract 
with the old Konnewock Irrigation Company which installed them. 
From this fact they are called “Konnewocks.” 

Trapezoidal weirs are maintained other delivery points. They 
consist essentially weir board cut the proper form and covered 
with ready-made strip galvanized iron bent and soldered shape.* 

Plate there condensed map the entire canal 
system showing the manner which subdivided and the location 
all gauging stations maintained during the season 1909. 


The desire for greater efficiency operation led the adoption 
hydrographic division part the Operation Department 
the Sunnyside Project. was soon realized that conservative dis- 
tribution could not obtained without systematic and exhaustive 
study the disposition all waters diverted into the canal, the object 
being determine nearly possible the relative quantities actually 
used agricultural lands, wasted operation, and lost seepage 
and evaporation. 

The first steps were necessarily experimental, for the opened 
somewhat new phases hydrographic work. The chief difference 
consists the fact that much higher degree accuracy required 
than considered necessary ordinary river hydrography. The 
truth this will once recognized after considering the ultimate 
aim the two lines work. 

river hydrography the aim determine the flow desired 
points order that the future behavior streams may predicted, 
the assumption being that past behavior fair indication future 
conditions. 

These data form basis for the design structures, and for 
determining the feasibility proposed projects. general, results 
rivers are secured within 10% the actual flows they are 
ciently accurate for practical purposes, for would not wise 


description and calibration the Sunnyside type weir may found Engi- 
neering News, August 18tb, 1910. 
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the expense securing ultra-refined results rivers when 
known that past behaviors are only approximate indications the 
future. Other uses for river data, course, create exceptions this 
general statement. 

canal hydrography, however, entirely different perspective 
must taken. The flow always under artificial regulation. Un- 
necessary wastes are once detected, and changes for betterment, 
either structures methods delivery, can adopted, with 
actual data basis. The diversion more water than required 
for the system unnecessarily deprives other canals, below above, 
water that could used beneficially elsewhere. From the opera- 
tion standpoint, connection with the “human problems” encoun- 
tered, highly important know all times how much water 
being delivered every farm unit the system. short, 
systematic work carried on, conjunction with the 
operation any canal system, the officers know the conditions all 
times; not, they work blindly. 

little reflection will reveal the exacting nature these investiga- 
tions, consistent results are obtained. The division 
frequently concerned with differences sec-ft. less 500 
more. impossible, course, secure accurate results 
this, yet they are useless unless they possess degree accuracy 
considerably beyond that heretofore conceded possible ordinary field 
hydrography. The present methods cannot discarded, but they can 
refined and adapted the exigencies the case. 

Sources error, which ordinary river work could over- 
looked, must eliminated far possible, the results secured 
will not fulfill the purposes for which they are intended. Some 
the physical difficulties encountered the Sunnyside Project and the 
methods used overcome them will more less applicable all 
large irrigation systems. 

Gauge heights, heretofore, have been used all work 
basis for determining the daily flow. From measurements 
discharge current meter various stages discharge curve 


developed which intermediate gauge heights are applied. Strictly 
speaking, gauge heights are index area only. Under permanent 
conditions bed and banks, when indicative the head over some 


controlling obstruction, rocky ledge weir, gauge heights 
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are fair indication discharge. These conditions, however, seldom 
exist earth sections. 

The water most irrigation canals carries large quantities silt. 
This causes continual changes the bed and banks, and consequently 
the gradient the canal. Tumble-weeds and thistles are source 
endless trouble. They roll into the canal, are carried along the 
current until they encounter obstruction become water-logged, 
weighted with silt, and sink the bottom. There they form the 
nucleus obstruction which continually enlarges, backing the 
water until the increased pressure and currents carry them away. 
Such back-water effects are relatively small, but means negligi- 
ble; yet their effect indeterminate, and corrections can applied 
for them. 

Wherever the velocity retarded, the canals gradually silt 
the season advances, that gradually increasing back-water effect 
encountered. many places the growth weeds and moss the 
canal and along the banks produce the same back-water effect. Sweet 
clover particularly troublesome. grows luxuriantly along the 
banks, and, the tops bend over and trail the water, they soon 
become heavy with silt and seriously obstruct the channel. Such back- 
water effects are progressive with the season, and corrections are 
readily applied sufficient discharge measurements are 
made. For these reasons, gauge readings reported are not index 
discharge, and only become after corrections for these effects 
have been applied them. 

Gauge heights and the head weirs are read and reported once 
day. single reading indicates only the rate flow the time 
and necessary assume that this rate obtains for 
the entire hours. This assumption, will shown, may lead 
errors which are sometimes cumulative instead compensating, 
might expected. 

The delivery water usually begins about April 1st, and the 
season advances, the head water the canal gradually increased 
the maximum requirement, which occurs about the middle 
August. Crop requirements are variable, and these variations are 
largely taken care the waste-ways. 

The operation checks for keeping the water levels required for 
delivery usually proves one the most serious difficulties. These 
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checks are numerous the first miles the Sunnyside Canal 
that almost impossible select point for gauging station 
which not influenced one them. The difficulty arises from the 
variable back-water they cause. 

were not for the weeds and trash, which, spite all 
precautions, will find their way into the canal and accumulate these 
checks, serious difficulty would encountered gauging 
within their influence, although the data gathered and analyzed, 
order correct for the back-water they cause, greatly increase the 
labor computations. This accumulation trash, and its subse- 
quent removal, renders the control they exert the flow irregularly 
variable quantity. this were not the case, the control would vary 
with some degree regularity, and due allowances could made. 

Such severe conditions, course, are seldom ever met river 
hydrography, and river requirements that the present hydro- 
graphic methods have been developed. true that canals there 
not great range stage with which contend, yet the conditions 
within these stage limits are far more intricate than are encountered 
river work, and require special treatment. 


THE SUNNYSIDE PROJECT. 


The methods followed the Sunnyside Project will generally 
applicable all cases where results fairly high degree accuracy 
are required. plan followed means perfect, neither were 
the results secured accurate might desired; however, they 
were sufficient for the immediate requirements, and marked decided 
advance over ordinary river hydrography. 


general, the methods were those present practiced the 
Water Resources Branch the Geological Survey, except that 
each detail was greater degree refinement. 

Current-Meter current-meter measurements 
were all made with the improved Small Price Penta-Meter, which 
indicates every fifth revolution the wheel. The meter, all 
except the shallow-water stations, was suspended single steel wire 
order reduce oscillations. ground completed the electri- 
eal connection with the telephone indicator.* 


The Use and Care the Current Meter. Practiced the United States Geological 
John Hoyt, Am. Soc. E., Transactions, Am. Soc. E., Vol. 70. 
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Velocity observations were taken two-tenths and eight-tenths 
the depth, and the average velocity thus determined was taken the 
mean velocity the vertical. This method has proved the most 
reliable for general field practice, where depth water will permit. 
depths less than about ft. the six-tenths method determining 
velocity was used. Observations were taken intervals not greater 
than ft. across the stream. 

indicative the accuracy gaugings obtained 
this manner, Table shows comparative results series measure- 
ments made simultaneously some the gauging stations. They 


were made for the purpose comparing Penta-Meter with “Single 
Point” Meter. 


TABLE 2.—Comparison AND MEASUREMENTS 


Station. Meter. Area. Discharge. 


Second-feet. Percentage. 


Gauges.—Several types staff gauges have been tried. One 
graduated directly hundredths foot fine saw marks was 
found the best. The graduations are made clear piece 
3-in. board. For space in. along one edge, the face the 
board slightly beveled, and the hundredth marks are first laid off 
pencil this beveled portion, and then sawed miter box. The 
tenth and foot marks are made the same manner that portion 
the face which not beveled. The figures are stenciled black 
paint. 

placing gauges, arbitrary datum was used each station, 
the only precaution being place the gauge low enough avoid 
negative gauge heights. 
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The gauges for reading the head water the weirs were made 
1-ft. and 2-ft. lengths. The graduations were inches and eighths. 
Each was placed with its zero level with the crest the weir. 
the intention replace all weir gauges with better type, reading 
hundredths foot, but the water users under the old manage- 
ment had become accustomed weir-heads measured inches and the 
patrolmen’s tables for individual allowances were these units. For 
the sake uniformity, therefore, the same units were used diversions. 

Four Lietz self-registering gauges were placed favorable points 
along the main canal, order determine the extent fluctuations 
and the error involved using single gauge reading for ascertaining 
daily discharge. They were placed respectively the Intake, the 
17-Mile, 28-Mile, and 42-Mile gauging stations. The staff gauges 
these stations were reported the same all other stations, irre- 
spective the Lietz gauges. Some difficulty was encountered first 
keeping them running. The stylo-pens furnished the manu- 
facturers were found worthless, and not until soft pencils were 
substituted and the patrolmen became familiar with the peculiarities 
the gauges were good results obtained. 

The daily discharges each these stations have been computed, 
from the patrolmen’s records single daily gauge heights, and also 
using the mean daily gauge heights taken from the Lietz record 
sheets. The results are compared Table 

From Table seen that, taken months, the errors 
determining the discharge from single daily observations gauge 
heights are compensating. case was the mean monthly dis- 
charge error greater than one-half 1%; but, order show how 
these errors may for certain periods tend accumulate, Table has 
been prepared for periods when the general change stage was all 
one direction. From this seen that even these are small, rarely 
exceeding per cent. general, the error should positive for 
falling stage and negative for rising stage. This general tendency, 
however, cannot detected when the stage changing slowly and 
other complicating factors enter. 

manner,* and daily discharges were taken from rating tables made 
from the discharge curves. soon two three measurements 


methods used the Geological Survey are described the introduction 
any one Water Supply Papers, Nos. 201 214, 241 252. 
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OBSERVATIONS, AND FROM Lietz GAUGES. 


MEAN DISCHARGES, 


Mean daily from 
automatic Second-feet. Percentage. 
gauge sheets. 


Single daily 
observation. 


INTAKE STATION. 


September............ 


August. .... 
September 


July 
August..... 238 238 
September...... 235 


OBSERVATIONS FOR DETERMINING DISCHARGE. 


MEAN DISCHARGE FOR PERIOD: DIFFERENCE 


Station. Period. 
single daily| automatic Second- Percent- 
observation. records. feet. age. 
May 12th, 602 597 
July 26th August 2d, 591 585 
‘August 10th 14th. 578 588 
July 7th, 508 503 
September 16th 22d. 397 402 
42-Mile.........| May 6th 10th. 194 197 


September 508 507 0.2 
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were taken any one station provisional rating was made. This 
was revised from time time more data were secured. the 
close the season the entire field was reviewed, and new ratings were 
prepared, using the entire season’s data, and all discharges were tabu- 
lated anew. 

only four stations was possible use the rating tables 
directly. all other stations indirect methods had followed. 
This was due silting, the growth weeds, causing back-water 
effects. Where these changes are progressive, the indirect method will 
give good results the direct, sufficient number measure- 
ments are taken define the correction curve. 

Stout’s indirect method* was the, one followed. This was first used 
Nebraska, determine daily discharges streams with shifting 
sandy beds. effect reduces the labor otherwise involved the 
use number rating tables, each applicable for short period, and 
smooths the transition from one the other. rating table 
prepared which gives, nearly possible, the relation between gauge 
heights and discharge there were changes the rating. Then 
corrections are applied the gauge heights before applying them 
the table. The corrections are read from correction curve which 
the times are the abscissas and the differences between this rating table 
and the measured discharges are the ordinates. 

The discharge and correction curves for the 52-Mile station 
the Main Canal are shown Plate and those for the 
Mathieson Lateral Plate CLXXVI. the 52-Mile station the 
corrections were made account back-water caused the growth 
weeds. Changes the bed the gauging sections also occurred, 
will seen from the cross-sections and area curves. the Mathieson 
Lateral there was back-water, both from the silting the channel 
and the growth weeds. The water was shut off from August 1st 
and the lateral cleaned, which caused the sudden break the 
correction curve. both these stations the changes were progressive, 
and the results are nearly reliable the direct method had been 
used. The conditions encountered and the methods used certain 
gauging stations deserve special mention. 
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23-Mile conditions the 23-Mile station were very 
complicated. Two sets corrections were made, one for the back- 
water effect due the operations Check No. 15, located 2000 ft. 
below the station, and the other for changes the channel. record 
was kept the patrolman, card especially prepared for that 
purpose, every alteration the check and the effect produced 
the gauge the gauging station. The gauge the station was read 
immediately before each alteration and soon after the new condi- 
tion flow had become permanently established. This gave the effect 
the gauge altering the check, and these effects were algebraically 
added throughout the season. 

The time between altering the check and observing the gauge 
the station was dependent the time the disposal the patrolmen. 
Sometimes insufficient time was allowed and others the time was 
great that the actual flow the canal may have changed. Hence, 
the alterations the check alone, was not always possible 
determine their effect the gauge the station without including 
the effect some other factor. However, the results were quite satis- 
factory considering the conditions under which they were obtained. 

The lower half Plate CLXXVI shows the essential features 
involved computing the discharge the 23-Mile station, follows: 


(1) The area cross-section the time making the gaugings, 
plotted with the observed gauge heights. This shows how the 
water was kept the same general level throughout the 
season. 

(2) The algebraic sum the corrections caused check opera- 
tions, producing the “correction curve for operations 
Check 15.” 

(3) Discharge measurements plotted with gauge heights after 
them for check operations, and the rating curve 
adopted. 

(4) The cross-sections representative times throughout the 
season. 

(5) The curve for channel changes. These corrections 
were applied the gauge heights previously corrected for 
check operations, before applying them the rating table. 
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17-Mile this station the change rating due 
variable entrance velocities, the effect being very pronounced because 
the station near the point disturbance. 

line with the up-stream abutment the waste-gates the Zillah 
Waste-way there seven-panel check across the main canal. The 
17-Mile station 200 ft. below these combined structures. The flow 
the canal below this check regulated the waste-way. The 
water the up-stream side the check was gradually raised through- 
out the season. the lower side the check the elevation the 
water surface varied water was wasted. fluctuations 
caused changeable head the submerged discharge area through 
the check, its action being that submerged weir. This created 
wide variations the velocity retreat which immediately becomes 
velocity approach the gauging station. fact, these effects 
are analogous the velocity approach effect weir discharge, the 
exact effect the discharge being dependent the distribution 
velocities the section the gauge. 

data were obtained from which the actual head water the 
submerged portion the check could computed, but, expressing 
the difference between the gauge readings the 8-Mile and 17-Mile 
stations percentage, although the relations the gauge datum 
are unknown, the relative variations the head can shown. This 
has been for each day from June September 15th, and 
the curve thus obtained compared with the correction curve used 
the 17-Mile station Plate Note the general parallelism 
the two curves. data the variations head this 
check had been obtained, and the time gauging the 17-Mile station 
had been selected with reference thereto, much closer agreement 
could doubtless have been obtained; but this effect was not recognized 
until too late the season gather the necessary data. this 
account, the indirect method has been applied the usual manner. 

Zillah Waste-way.—The Zillah Waste-way diverts water from the 
main just above the 17-Mile station. The first 800 ft. 
open concrete section, trapezoidal form, which gradually decreases 
bottom width and slope. The station located 
straight stretch, 200 ft. below the gates, where the bottom width ft., 
the side slopes are 1:1, and the gradient 0.003. hook-gauge was 
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}-in. pipe, ft. long, ending flush with the side and near the 
bottom possible. Variable velocities and great wave action may 
result, depending the gate combinations used diverting the water, 
that the gauge heights are only approximate index the dis- 
charge. record was kept the gate openings and the head 
water the openings, but they were found valueless for determin- 
ing the flow account trash accumulations the gates. There- 
fore, the direct method was used. The discharge curve for this station 
shown Plate CLXXVII. Some idea also given the differ- 
ences gauge height for the same discharge which may result from 
different combinations gate openings. Some the discharges were 
obtained direct measurement the waste-way and some measur- 
ing the main canal above and below the waste-way. Velocities 
high ft. per sec. were measured with current meter this 
station. 

all water diverted from the main canal was passed 
over trapezoidal weirs. The errors resulting from their use are very 
difficult determine. Crop requirements are variable, and this neces- 
sitates continual adjustments head-gates. The practice among 
patrolmen was make adjustments head-gates immediately after 
recording the head the weir. was impossible have these adjust- 
ments made simultaneously over the entire system. 

measure properly, weirs must kept good repair, and the 
required conditions fall, contractions, must maintained. 
This very difficult accomplishment practice. Newly placed 
weirs soon silt up, that bottom contraction and sometimes end con- 
tractions are wholly partially suppressed. Frequently the lateral 
below silts choked with weeds that water backed over 
the crest the weir. The eternal vigilance necessary have kept 
all weirs good order would have required the employment crew 
laborers especially for that purpose. The patrolmen, however, were 
required keep them cleaned the headings far possible. 
the distribution system, the burden weirs clean devolves 
the individual water user. rarely acts, however, until condi- 
tions are bad that cannot get sufficient water. This type 
weir was calibrated volumetric tests made 1908.* These tests 


description these weirs, and the results the experiments, may found 
Engineering News, August 18th, 1910. 
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gave rating tables differing considerably from the Cippoletti formula. 
The diversions Beat for April have been computed the Cippo- 
letti formula and also the revised rating tables. The Cippoletti 
weir formula gives 29.61 sec-ft. for the average daily diversion, while 
the revised tables give 30.83 sec-ft., more. This difference 
small, but not negligible from the standpoint distribution, for 
nearly all water delivered ultimately measured over small weirs, 
there being more than 000 use the system. 


Cost. 


Careful records the costs the hydrographic work were kept 
this project, and are summarized Table They not include 
the services recording clerk nor the time spent patrolmen 
taking gauge readings. These men were regular employees the 
Operation Department, and had many duties not connected with the 
work. Otherwise these costs include all field work 
during the irrigating season, current analysis and reports, and the cost 
the final analysis and report after the season closed. 


TABLE 5.—Cost THE SUNNYSIDE 
1909. 


Percentage 
Amount. total. 

Lost time (Sundays, holidays, annual leave, etc.)...... 201 


APPLICATION OPERATION REQUIREMENTS. 


order make the data secured the greatest use operation, 
necessary that the results worked rapidly they accrue. 
the direct method applying daily gauge readings discharge 
curves could used throughout, this requirement could easily 
met; but, for stations earth sections and within the influence 
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checks and other disturbing factors, some indirect method must 
used, long gauge heights alone are depended index 
discharge. Discharge measurements must made frequent inter- 
vals and critical times. obviously impossible determine 
the proper corrections applied gauge heights any one day 
until the measurement the end that time interval has been made. 
make meter measurement every day each station out the 
question. The period which may safely allowed between times 
gaugings will depend the stability conditions that station; 
but, general, from ten fifteen days may regarded the limit. 

preparing discharge data for current uses, the only method that 
can followed estimate from known conditions and the cor- 
rections indicated the gauging last made, what corrections gauge 
heights are necessary. This will enable the hydrographer prepare 
daily reports showing approximately the disposition water the 
system. the end the week month possible revise the 
rating tables and correction curves, and approximate the truth more 
closely. the end the season all tabulations are made anew, and 
final adjustments permit the elimination all errors far possible. 
The labor involved this process great, for the estimates for some 
stations may require revision ten more times. However, little 
practice, and the adoption some short-cut methods, enabled the 
hydrographer with one clerical assistant keep the computations 
date. 

For daily requirements approximate results are sufficient, because 
they are used chiefly for the distribution water the main channels 
day day. The weekly and monthly reports are revisions, and serve 
for broader study distribution certain areas certain crops. 
The final seasonal report furnishes data whereby the general efficiency 
the season’s operation can studied. The lessons learned from 
one season’s operation are thus utilized planning the next season’s 
work. 

Under the Sunnyside Project, sufficient data crop statistics and 
crop requirements had not been secured previous 1909 render 
the discharge data the highest possible use. The acreage irrigated 
varies day day and month month and this variation should 
known order operate the system efficiently. The acreage the 
various crops had not been secured except very general way. 
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takes great deal time gather all these statistics and keep 
them date. this project steps are being taken gather 
complete data this nature, but they are not available for 
study connection with the discharge data secured 1909. this 
account, only general lessons can drawn from 
operation. 

Table shows the monthly and seasonal disposition all water 
received the intake. unit the also shows the 
quantity wasted through operation and the quantity delivered the 
water users. The latter approximation, and the error 
estimating the seepage losses the distributing laterals. 


April September 


Water received in- 


Wasted operation, 

907 655 2416 915 070 
Wasted operation 

5.3 1.8 6.6 2.2 5.0 5.9 4.2 
Losses from main 

nal (seepage, etc.), 

Losses from main ca- 

nal: 16.1 15.1 13.6 18.2 19.8 18.8 16.9 
Diverted into distribut- 

ing laterals, acre- 

Diverted into distribut- 

ing laterals: percent- 

Estimated loss 

tributing laterals, 

Net amount ‘used 

Net amount used 

Depth water applied, 


Loss distributing laterals assumed 

5%, intake 17-Mile; 10%, 30-Mile; 15%, 52-Mile; 25%, below 52-Mile. 
These values follow from the investigations seepage made 1908 certain laterals 
chosen for that purpose. 


Table worthy study. shows that 68% the water 
diverted from the Yakima River was delivered water users and 
that 28% was lost seepage, which 17% applies the main canal 
and 11% (estimated) the distributing laterals. This, course, 
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not “seepage” the strict sense the word, for includes evapora- 
tion and the uncompensated errors observation and measurement. 
regulation, was wasted. 

The percentage water diverted into the distributing laterals 
months fairly good measure the efficiency the system. 
This had its maximum value 83% May. During this month 
the canal free from weeds, all weirs are good measuring condi- 
tion, and the head the canal not excessive. August the least 
efficient month, for the canal crowded its maximum capacity 
supply the demand for water, the carrying capacity the laterals 
relatively low, and the losses are consequently high. 

Table also indicates that the lands under the canal received 
water equivalent total depth 2.87 ft. during the season 
months. This figure obtained dividing the total quantity 
water delivered distributing laterals the total acreage, after 
making reasonable allowances for seepage. somewhat doubtful 
whether not the lands received all this water, because the 
disposition water individual tracts not known, but, they did, 
surely represents great waste. means that there were applied 
the land large quantities which did not benefit the growing plants. 
the irrigation alfalfa, for instance, the frequent practice 
run the water long furrows. Before any water has reached the 
farthermost end the field, the soil the upper end has become 
saturated depths far beyond those required plant roots. This 
can remedied running the water shorter furrows, the use 
additional heading ditches, using sufficient head water 
the farther end quickly. The latter plan far the 
better, but, under the continuous-rate method delivery, fre- 
quently impossible, lack sufficient water one time. 
general thing, water can saved giving the irrigation large 
volume for short time rather than small volume for the entire 
season. plan rotation can frequently effected mutual 
agreement among those irrigators drawing water from the same lateral. 
Sufficient water delivered the head the lateral, continuous 
rate, furnish the contract allowances for all land under it. The 
irrigators then agree among themselves the times distribution, 
and arrange schedule delivery accordingly. The water dis- 
tributed the patrolman accordance with these agreements. 
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some the newer projects this plan has been adopted with excellent 
results, but, the Sunnyside Project, there are several different 
contracts outstanding, the Government assumed carry out all con- 
tracts force between the former owners the system and the water 
users. this account has been very difficult put improved 
methods into practice, although the necessity for adopting them 
fully realized. 
The engineering difficulties connected with the development 
such system are entirely eclipsed the “human problems” en- 
countered operation. The human tendency has always been take 
everything that due—and more. irrigator contract 
entitled sec-ft. water, likely insist having that 
quantity delivered whether not has use for it, even knowing 
that its application his land would practically ruin his crops. 
fears that relinquishment now would forfeit his right the 
water the future. This human tendency will always source 
trouble long water delivered continuous rate. Some 
the newer contracts allow many acre-feet per acre per annum, 
much thereof may necessary for the production crops, but 
the farmer usually the judge the necessary quantity. While 
these provisions have certain advantages, the evil will never cured 
until the irrigator required pay, according properly gradu- 
ated scale, for the actual quantity water used. 
Another “human problem” encountered the new administration 
was very satisfactorily solved after some experimental work had been 
done: The Sunnyside type weir delivers from more water 
than would delivered over sharp-crested steel weir under the same 
head. This was determined calibrating the two types volumetric 
tests. Each water user’s allowance for him inches 
head over his weir, and each irrigator, course, knows the number 
irrigator the exact quantity allowed him, would have been 
necessary reduce slightly the head allowed each. The reason for 
such reduction could never explained the layman, and would 
have brought forth very bitter protest, and probably litigation would 
have followed; but, substituting weir sheared from thin steel 
plate, each irrigator could still get the same head water over his 
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weir, but not the excess water which had become accustomed. 
The reduction individual cases could hardly detected, but the 
aggregate saving nearly the water supply would result. 
The steel weir being installed the new work. the project, and 
gradually being substituted for the old type present structures. 

necessary provide for the “peak load.” power-plants this feature 
usually becomes the major item the cost operation. irrigation, 
however, the situation this regard rarely acute. The maximum 
continue for days, and, judicious manage- 
ment, frequently possible extend over longer period. The 
carrying capacity canal and distributing laterals, and thus the 
cost the project, largely fixed the maximum requirement. 
intelligent distribution the water, with regard the time 
irrigating the various crops, and encouraging the water users 
plant diversity crops, this peak can broadened, thus reducing 
rate flow that otherwise might difficult maintain. For 
instance, alfalfa requires greater quantity water than most other 
crops. Under the same project, this crop ripens and cut about 
the same time. irrigated after each cutting. Under the Sunny- 
side Project, three cuttings are secured, hence, the entire area was 
cropped alfalfa, there would three “peaks” the distributing 
load during the season, and they would high that would 
impossible supply the water, with the present ditch capacities; but, 
where alfalfa fields alternate with orchards, potatoes, beets, timothy, 
clover, small fruit, the demand much more uniform. The 
extent which conditions this regard can improved encourag- 
ing diversified farming among the irrigators, somewhat surprising. 
this effectively there need for exhaustive and systematic study 
the most efficient duty water, for different crops and for different 
soils. Only the most general results have been secured this line, 
the present time, nor possible secure more specific data 
elsewhere than the project where the data are utilized. 

experimental irrigation farm should much part the 
equipment large irrigation system the ditches themselves. 
Sueh farm should placed charge skilled agriculturist, and 
then the results should presented the water users attractive 
and forceful manner. 
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Fig. shows the hydrographs obtained all stations the 
Sunnyside Project during the season 1909. These illustrate the 
“peak loads” for that project. solid lines represent the inflow 
into each beat. The dotted lines represent the outflow plus the diver- 
sions each beat. The differences between these two curves, shown 
shaded areas, represent losses. They are numbered correspond 
with the beat numbers, given Table 

The volume the canal regulated the intake and 
the Zillah Waste-way, just above the 17-Mile gauging station. The 
lands above the 23-Mile station are nearly all orchards, while below 
this point alfalfa the prevailing crop. The effect the necessary 
manipulation the Zillah Waste-way supply the variable demand 
for alfalfa irrigation well illustrated the 23-Mile hydrograph 
(Fig. 1). The first irrigation alfalfa occurred during May. Cutting 
began about the middle June, and water had wasted lands 
the lower end the canal would have been damaged and the safety 
the canal menaced. soon the alfalfa was cut, the fields 
required another irrigation, which began about July 5th. The second 
cutting was made early August, and irrigation the cut-over fields 
began about August 15th. The third began about September 
15th, and other crop requirements began fall off, which necessitated 
shutting down the supply very suddenly. 

The gates individual measuring boxes are arranged that the 
water user may shut off his supply will, but cannot open 
deliver more than certain quantity without breaking padlock and 
subjecting himself penalties. The result that considerable quanti- 
ties are frequently turned into,the main canal without the knowledge 
the management, although patrolmen are always the watch for 
such emergency. The head-gates laterals are being adjusted 
continually, and this requires continual adjustment the head and 
waste-way the main the time maximum requirement— 
August 14th 26th situation this regard became very 

acute, for the canal and laterals were almost the breaking point 
many places, and few second-feet more would cause serious damage. 

Table shows the monthly and seasonal average the inflow, out- 
flow, diversions, and losses 1909 the Sunnyside System, con- 
sidered four principal sections. The sections are, respectively, 
30, 18, and miles length, for the main canal, miles for the 
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principal lateral. general use, the losses are expressed per- 
centages the inflow into each section, and second-feet per acre 
wetted area the bed and banks the canal. Seepage not 
properly expressed percentage flow, because may occur from 
still pond, but given because convenient unit and 
useful for relative comparisons. 

The losses shown Table are not seepage alone, but include 
the uncompensated errors the methods used, hence daily losses, 
shown Fig. will more variable than monthly averages, and 
should not used for general deductions. Observing this precaution, 
seen, from Fig. and the foregoing tables, that the maximum 
flow the main canal the head was 11% greater than the average 
for the season. highest diversion one month into the dis- 
tributing laterals the system was greater than the average for 
the season, while the average losses for the month greatest diversion 
was 38% greater than the average losses for the season. This dis- 
proportionate increase the losses with increase the flow the 
canal and laterals very striking, and indicates the necessity 
keeping the demand nearly uniform possible. 

Fig. shows the seasonal disposition all water received the 
intake the canal. For purposes comparison, the results for 1908 
are also given for the same length time, except that the period 
began days earlier. 

The foregoing tables and figures show briefly the results hydro- 
work secured the Sunnyside Canal 1909. This work 
being continued operation adjunct. connection therewith 
complete crop statistics are being gathered, and likely that these 
data, taken together, will reveal the wastefulness certain present-day 
practices and suggest methods whereby the efficiency operation 
such large system can continually improved. Hydrography 
seen the foundation any investigation this nature, but 
its use this connection comparatively new. The exigencies 
the case demand much higher degree accuracy than heretofore 
has been considered possible. Yet refined methods can adopted 
and practicable results secured offers possible method determin- 
ing the flow many canals, which, account low gradients, could 
not measured any other way. 
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TABLE Diversions, Losses Four 


May. June.| July. August. Mean. 
Intake 30-Mile. 
579 609 620 665 685 616 636 
314 360 347 826 840 
230 255 264 262 272 246 258 
Losses, percentage in- 

6.0 4.1 2.9 6.5 9.6 6.0 
Losses, second-feet per 

48-Mile. 
125 112 128 137 144 129 
189 217 210 210 182 211 
146 169 169 181 158 171 
Losses, percentage in- 
Losses, second-feet per 
125 112 128 128 137 144 129 
115 102 117 121 120 
100 108 106 105 
Losses, percentage in- 

16.0 12.5 18.8 14.1 17.5 20.8 
Losses, second-feet per 

Mountain 

9-Mile. 

5.7 10.6 9.8 18.8 16.8 15.6 13.5 
Wetted perimeter, acres.. 18.3 19.0 19.1 19.1 20.1 19.5 19.2 
Losses, second-feet per 
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DISPOSITION SUNNYSIDE CANAL WATER RECEIVED INTAKE DURING IRRIGATION SEASON FIVE MONTHS YEARS 1908 AND 1909 


has been estimated that sec-ft. water applied lands under 
the Sunnyside Project creates for them valuation $80000. Every 
second-foot water, therefore, which judicious management can 
transferred from waste beneficial use, increases the taxable 


property the State that much, and adds its due proportion 
homes the social system. 


would seem, therefore, that almost limit accuracy should 
recognized for work irrigation system, because 
hydrography the essence conservative operation. The fact re- 
mains, however, that canals have been operated after fashion with 
only the crudest general knowledge the flow. Such methods are not 
destined continue, for, although the water supply may bountiful 
and the prevention waste unnecessary expense, systematic hydro- 


graphic work not the less important. excessive use water 
land most harmful practice, for, not only the immediate 
owner depriving himself profits which more conservative use 
would insure, but frequently works untold injury his neighbors. 
Examples this pernicious practice are only too numerous. 
practically certain that irrigated lands, the country over, would pro- 
duce more and better crops less water was used, and more attention 
was given cultivation and the times and manner irrigation. 
determining the most effectual quantity water for different crops 
and different soils, and the proper delivery this quantity after 
determination, the highest possible degree accuracy hydro- 
graphy must attempted. 
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NOTES THE BAR HARBORS 
THE ENTRANCES COOS BAY, 
AND UMPQUA AND SIUSLAW RIVERS, OREGON. 


When the improvement harbor entrances sand coasts are 
planned are being discussed, attention given the effect 
the scouring action the ebb current, the littoral drift, alongshore 
currents, the resultant sand movement, and the prevailing direction 
the storm winds. The path the flood-tide currents has seldom 
been mentioned controlling factor. 

this paper attention called the fact that these flood-tidal 
currents are important factor, not the main one, causing 
troublesome shoals harbor entrances. The writer does not intend 
imply that the other elements are not studied, are 
consideration, but, they have been discussed some length 
advocates different systems jetties papers* before this Society, 


will confine his remarks the action the flood-tide and its effect 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number and, when finally closed, 
the papers, with discussion full, will published Transactions. 

Harbors the Pacific Thomas Symons, Captain, Corps 
Engrs., U.S. A., Transactions, Am. Soc. E., Vol. XXVIII, 155. 

Coos Bay, Oregon, and the Improvement its Entrance the Gov- 
ernment,” William Harts, Am. E., Transactions, E., Vol. 

482. 


Papers Harbors, Inter. Eng. Congress, Transactions, Am. Soc. E., Vol. LIV, 
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three harbors the Oregon Coast, namely, Coos Bay, and the 
Umpqua and Siuslaw Rivers. 

That portion the Oregon Coast between Cape Arago the 
south, and Heceta Head the north (Fig. Plate 
presents stretch sand nearly miles length. broken 
the above-named harbors and five creeks which drain lakes 
considerable extent between the harbors. 

Coos Bay immediately north Cape Arago, the harbor entrance 
being well protected the cape from all storms from the south and 
southeast. The Umpqua River entrance miles north Cape 
Arago, and that the Siuslaw River miles southward from 
Heceta Head. 

Cape Arago low flat cape extending about miles beyond 
the general coast line above low water. Beyond low water the writer 
has traced the reefs about miles, with depths the bare rocks 
fathoms the outer end. either side the reef there 
depth fathoms sandy bottom. the shore the rocks and 
reefs generally rise sheer from depths from ft. 
evident that littoral drift sand occurs any great extent around 
this cape. 

Heceta Head bold promontory extending only miles 
beyond the coast line. The offshore slope much less steep than Arago, 
and the under-water reef not prominent, yet the bare rocks 
extend into general depths and ft. the north the coast 
line, for miles Cape Perpetua, rockbound. evident that 
there chance sand movement from the north. 

Along the coast marine growth found the sandy bottom 
the ocean depths more than ft. This growth consists 
shell-fish and the lower orders animal life which fish feed; 
bottom fish the sole, halibut, and skate species, are found 
the sandy bottoms, although halibut generally feed close the rocks. 
sandy coasts, marine growth, other than animal life possessing 
some means accommodating itself changing bottom, appears 
inside the 40-ft. contour. good illustration this may found 
the fact that, sandy bars, buoy chains and anchors net 
accumulate barnacles where the chain lies the sand the shoal 
locations; while chains outside buoys, generally placed from 
fathoms, accumulate growth for their entire length. 
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This evidence proves that the large movement sand confined 
the shoaler depths water between the 40-ft. contour and the 
shore. This reasonable. The great factor moving sand the 
change form shoreward moving waves from what has been 
termed Thomas Stevenson oscillating waves waves transla- 
tion. The change occurs when the under-water portion wave 
oscillation encounters the bottom and checked; the inertia the 
upper portion carries the water until the top the wave falls 


over. 


Waves oscillation produce very little horizontal force, while the 
energy developed waves translation enormous. has been 
measured the coast England and has amounted much 
per sq. ft. undoubtedly far more when the great waves 
the North Pacific Ocean storms break the coast. Under the 
influence the waves, the sands the beach are constantly under- 
going change, thereby affecting its profile. 

Long periods quiet ocean without unusual storms produce 
short beach, the sand being pushed shoreward; between the storm 
high water and low water contour assumes many small irregulari- 
ties. During periods violent storms the beach long, the contours 
are straight and parallel with the beach line, and the sands are beaten 
down until wheeled vehicle scarcely leaves imprint. These move- 
ments are local, however, and there resultant movement sand 
along the Oregon Coast, not apparent the accumulation 
sand either end the area between Heceta Head and Cape Arago. 
far the improvement harbors for the benefit the present 
civilization concerned, the resultant littoral movement the accu- 
mulation disappearance the sand are not factors greatest 
importance. 

The original source this sand area hard name, and like 
other geological phenomena, more less matter theory; 
may the deposits from the Umpqua River, during the many geologi- 
cal ages that the land has been above the water. From the beach the 
sand stretches shoreward miles the middle distance between 
the two capes. bare vegetation, and near the timber line 
forms immense dunes, which reach elevations 150 ft. Inside the 
timber line underlies stratum from ft. soil under 
the forest. the form sandstone varying degrees hardness 
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overlies the lignite and shale deposits the southern end the 
country, extending well into the western slope the Coast Range. 

Figs. Plate show the outline the shores 
the three harbors, the under-water depths being expressed feet. 
will noticed that their unimproved state the shore lines were 
very similar. The entrances consisted long curved channels having 
large areas shoal water one both sides. 

The entrance Coos Bay shown Figs. Plate 
CLXXVIII, and includes the harbor 1863 before any improvement 
was undertaken, 1885 before the north jetty was commenced, and 
1907, the latest available data. Fig. Plate CLXXVIII, 
Umpqua River where improvement has been undertaken, 
and Fig. Plate CLX XVIII, sketch Siuslaw River where 
jetty has been started, but has not yet reached sufficient length 
create any improvement the bar. 

Coos Bay and Umpqua River have controlling natural headlands 
and reefs sandstone the south side the channel direct the 
current the gorge harbor throat. Siuslaw, however, has sandy 
shores both sides the entrance, the stiff clay bank underlying 
Cannery Hill being too far upstream controlling factor the 
bar. The present jetty would form controlling reef and valuable 
aid one the south spit. 

The currents harbor entrances, which result from the rise and 
fall the ocean with the tidal wave, are similar all harbors. 

with high tide, the outgoing current commences about 
min. after actual high water, the delay being due the inertia 
the moving water the channels. this time, and low-water 
slack, the greatest slopes differences elevation between points 
inside and outside the harbor The first currents gen- 
erally along the shores secondary channels, and sometimes they 
last hour more before the change the direction the current 
the main channel takes place. the current gains headway, 
tends follow the path the main channels through the harbor 
throat and sea; there are obstructions, flows out with 


unchanged direction. reaching the sea, the current checked 
the waves and the friction the ocean water, and the suspended 
matter deposited. 

the first the flood-tide, the same delay the main channel 
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currents occurs. The water rising along the shore, which, owing 
the crescent shape the bars, short distance from the inner 
harbor near the high-water line the spit, pushes through the 
secondary channel which, this vicinity, generally found across 
the shoal. 

The velocities across the shoal are considerable, and the shallow 
water the sand agitated the waves carried along, and the water 
enters the harbor channel with capacity load. 

During the whole the flood-tide, the flood current, owing the 
influence the shoreward moving waves and the short direct route, 
continues push over the spits into the channel. During rough 
weather, when the violence the waves disturbs greater quantities 
sand, the proportion water entering across the spits greatly 
increased, and continues for large portion the ebb-tide well, 
while the seas roll across the spits into the channels. 

The inner bay side the spits, over which the flood currents 
enter the channel, will always found steep, with rolling 
slope sand during flood-tide and caving bank during the ebb 
The sand entering the channel carried out through the 
harbor throat and again settles the outer edge the shoals, where 
the current decreased entering the ocean. other words, the 
cycle commenced again, and the great quantity sand forming 
the bar continually making round trips over the spits with the 
flood-tides and out through the channel with the ebb currents. During 
storms the action increased, sand stirred greater depths 
and shoreward with greater velocity. 

The most effective place which control this movement the 
shallowest portion the cycle, along the ridge the shoal. This 
always found the convex bank and near the harbor channel. The 
danger provided against the location jetty too close 
the channel, where the structure would undermined when the supply 
sand from the ocean side was cut off. generous allowance for 
flat slopes should provided for the channel side the inner 
portion the jetty. The jetty the shoaler portions may built 
small stones and thick brush mattress, depending the accumulat- 
ing sand provide the real and permanent barrier. The jetty should 
high-water-crest height, and the sand appears above 
that height, the available area should planted with suitable vegeta- 
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tion. The decaying sea grass and driftwood will provide sufficient 
soil maintain Holland sand grass (Arunda Arenaria). 
sand, caught and held the grass, will continue the work above tide, 
and once out the reach the waves, the jetty reasonably safe. 
this way provision made for the inner easy end the jetty. 
The outer end should extend into such depths that the sand will not 
pass around water less depth than expected maintained 
across the bar. 

There will always bar section with less water than found 
the gorge harbor throat, unless expensive and continual dredging 
resorted to, expedient costly warranted only the 
principal harbors the world. 

example the difficulty that may expected maintaining 
jetty considerable depths, may stated that for 800 lin. ft. the 
outer end the Coos Bay jetty was built three times ft. above 
low water and beaten down the extreme end ft. below low 
water, only few feet above the surrounding sand. the present 
time slopes just above low water about 800 ft. from its outer 
end. This portion was built originally from ft. water, 
low water. The specifications for the stone used allowed one- 
fourth pieces weighing from 400 lb. tons, one-half 
pieces weighing from tons, and one-fourth pieces 
weighing more than tons each. The largest pieces received weighed 
much tons. The outer end the jetty, will seen 
reference Plate CLXXVIII, normal the direction the 
waves. 

Referring again the plans, Fig. Plate CLX shows the 
bar its natural condition, before any work whatever was com- 
menced. The entrance was well the north, with large area 
shoal both spits, and there was narrow erratic channel changing 
depth and direction with each storm. The spits were very low, 
being exposed only extreme low water, the waves carrying across the 
bay and breaking with great force Rocky Point. long intervals 
the channel would break out position near the present location, 
and better depths and shorter shoal always resulted. This led 
desire make the southward location permanent, and was the result 
expected from the original project for the jetty extending from Fossil 
Point Coos Head, Fig. Plate CLXXVIII. This project was 
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adopted 1879 and abandoned 1889 when new project, along the 
lines the more successful jetty built Yaquina Bay, was adopted. 
the time the first project for the Coos Bay jetty was commenced, 
the work improvement the harbors the Great Lakes jetties 
sea-walls was active progress under the direction the United 
States Engineer Corps, and the same methods and styles construc- 
tion were used Coos Bay, which was the first Pacific Coast harbor 
entrance for which Federal appropriations were made. 

Shortly after commencing work. Coos Bay, appropriations were 
secured for the improvement Yaquina Bay, and work was com- 
menced there, similar style construction being proposed. the 
Yaquina work was more exposed position, the method con- 
struction was soon found inadequate, and the Assistant Engineer, 
James Polhemus, Am. E., proposed, and was directed 
the Engineer Officer charge the work, use the type jetty 
now adopted all harbor entrances along the Coast north 
San Francisco. 

There has been continual development the methods and plant 
used for jetty construction, especially the mouth the Columbia 
River, where liberal appropriations and the magnitude the work 
have allowed the building splendid plant for carrying the 
work. The construction the jetty and the details the plant used 
have been fully Major Hart.* 

The original type jetty built Coos Bay under the first project 
consisted large timber cribs, built cob-house style, sawn 
12-in. timbers bolted together. The cribs were placed line, filled 
with small rock and sunk, and then rip-rap was dumped along the 
sides. 

Owing the rapid destruction the timber the teredo, 
well the expensive cribwork and the impossibility placing the 
cribs the more exposed positions later considered desirable for 
jetties, this type construction has been finally abandoned this 
Coast. 

The construction the inner jetty certainly produced results 
the entrance Coos Bay. The curve the channel the south end 
the bay was eliminated. The height and width the north spit 
were increased, and the position the channel across the outer shoal 
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was held more permanently and farther south than the old channel. 
The depths were not much increased, and well-developed flood-tide 
channel, several hundred feet wide, with depth ft. low water, 
was generally found just southward from the high-tide line the 
north spit. 

Through this channel the first the flood-tide entering the bay 
large quantities sand. The extreme end the north spit 
was scoured off, but the persistent action the flood-waters across 
the shoal caused the channel narrow between the end the jetty 
and the sand island, and great quantities sand were constantly 
being carried over the shoals and out through the channels, with 
resulting constant changes the bar depth. 

The first work the later project was commenced 1891. The 
jetty was extended its projected length, lin. ft., August, 
1894, and during 1895 the crest the enrockment was brought half- 
tide height. Between 1895 and 1900, were spent, completing 
the jetty increasing and maintaining the enrockment, which 
about tons stone were placed. before mentioned, the 
extreme end the jetty the enrockment was built three times the 
height the tramway rails, ft. above low water, and was many 
times beaten down the sea ft. below low water the 
extreme end. 

Immediate results followed the building the North 
large quantity sand entering the bay across the spit was stopped, and 
commenced build behind the jetty. The south spit and bar, 
not receiving its supply sand with the ebb current, was scoured 
down and the channel held permanent position. sand the 
inner side the jetty, across the channel from the outer end the 
old work, was washed away. The flood current, longer able 
crowd the north side, commenced push along the south 
side the channel, resulting the prominent shoal across the south 
arm the harbor. This shoal inside, and does not interfere with 
commerce. The area north the jetty has continued accumulate 
sand and extend seaward. has been planted Holland grass, which 
continues the accumulation sand above high water. The first four 
years after the completion the jetty across the north spit witnessed 
the best bar depths (22 ft. mean lower low water) the history 
the port. The position the channel was fixed and has remained. 
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The depth has been reduced times ft. mean lower low 
water, but generally ft. 

The present condition the channel shown Fig. Plate 
which the latest authoritative map the locality, with 
least low-water depth ft. The last work jetty construction 
Coos Bay was done 1901, since which time Holland grass has been 
planted, the jetty has been cared for, The tramway has dis- 
appeared, and the outer end the enrockment needs rebuilding. The 
sand washing past the end and over the lower portions the rock 
commencing cause shoals, and undoubtedly more work will re- 
quired very soon. The 18-ft. low-water depth accommodates the port’s 
channels the inner harbor for any great distance, and, while more 
depth would desirable, the maintenance works, order secure 
it, would very expensive. The project under which the North 
Jetty was constructed included second jetty the south side the 
channel produce permanent depth ft. scour. 

The results obtained the single jetty the north side have 
maintained the projected depth successfully that expenditure for 
the South Jetty has been warranted. The total amount money 
appropriated for the improvement Coos Bay entrance has been 
$938 750. has been expended approximately follows: 


For the first project, adopted 1879........... $213 750 

Expended since closing jetty work, for survey 
steamer, dredging, planting grass, and 


result the improvement Coos Bay, the freight rate 
San Francisco compared with that from Umpqua River—a port the 
same nature Coos Bay before its improvement, and similar depth 
—is cents per 1000 ft. lumber favor the improved port. 

The Umpqua River, Fig. Plate CLX XVIII, one the largest 
streams the Coast, draining area more than 4800 
miles which has the proverbial rainfall the “Webfoot State.” 
Heading the Cascade Range areas fine pine forests, crosses 
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the drier valley between the Cascade and Coast Ranges, and breaks 
through the Coast Range narrow with short narrow 
valley between the coast mountains and the ocean. One large tribu- 
tary, Smith River, enters from the north. 

With all this splendid drainage area and immense flow, aided 
the deflecting reefs near the harbor mouth, the river unable 
scour desirable channel through the bar. The pressure the sand 
washed across the north spit holds the deep water hard against the 
rocks the heads and reefs the south side the channel. the 
Umpqua River entrance jetty along the north spit, duplicating the 
single jetty Coos Bay, would produce similar improvement, and 
could economically constructed. Materials for construction are 
convenient and abundant the Umpqua River, and moderate 
improvement could effected for comparatively small expenditure. 

Siuslaw River, Fig. Plate CLX XVIII, will noted that 
the while having all the characteristics the other two 
harbors, reversed, and the larger shoal area the south side 
the channel. this place north jetty has been partly constructed 
the Federal Government. The project was create depth 
through the shoal scour. 

The jetty was extended along the shore point opposite the 
inner edge the break through the sands; then curved outward, 
normal the coast line. the time the work was extended the 
curve, the channel had moved northward, and, 1897, the jetty was 
built entirely across the river, shutting off. narrow path was 
quickly cut around the end the work, and, during the winter 
following 1897, new channel broke out the south the desired 
and has not yet shifted any great extent. The depth, 
however, very unsatisfactory, does not permit the commerce 
handled 

Here, again, jetty depending scour alone has not been 
and has also been expensive construct, owing the scour 
and depth the end the work while continually turning 
the channel. The project was finally abandoned the General 
Government 1902. 

The port Siuslaw, consisting legalized body representing 
the benefited property, has been organized under act recently passed 


the Oregon Legislature, has issued bonds, adopted project, and 
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commenced the construction jetty the south side the 
entrance, the idea being cut off the sand movement into the channel 
and thus give the ebb-scouring current smaller task perform. 
Work has now commenced, and the results will interesting. 

This paper could have been greatly enlarged, but the writer’s idea 
has been call attention only one element harbor bar formation. 
Other points and theories sand movement, with full 
the methods construction, have been presented the papers 
and discussions previously mentioned. 
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TIMBER PRESERVATION, 
ITS DEVELOPMENT AND PRESENT SCOPE.* 


Timber preservation has not been developed from any one process, 
but from many; has included the elimination those not bringing 
results, the retention and development those showing results, and 
the addition new processes. 

The first authentic report timber preservation was probably that 
Special Committee appointed this Society 1880, which 
report was published The Special Committee discussed the 
various processes use that time, great detail, and prepared 
number tables showing the results obtained; and interesting 
know that great many its conclusions are accepted to-day those 
conversant with the subject. 

The writer will not attempt review detail the development 
all the processes use 1880, but will confine this paper the 
two processes, namely, Burnettizing and Creosoting, practically 
all those use to-day are either the developed basic processes 
modifications them. 


papers are issued before the date set for presentation and dis- 
cussion. Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 


table standard practice for the preservation timber for railroad ties and 
tie-plates, accompany this paper, filed the Library this Society. 
Transactions, Am. Soc. E., Vol. 247. 
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The Burnettizing process was patented Burnett 1838. The 
original mode application was steep the timber open tank. 
Burnett, however, soon adopted the “Bethell” method placing 
closed retorts, thus forming partial vacuum order remove 
all the air and sap, and then injecting the liquid under pressure. 

The Burnett process was introduced the United States Lowell, 


Mass., 1850, and was there worked the Bethell method until 


about 1862. seems have been quite generally used the 


Fifties number railroads, but with indifferent suecess. 
fact, these failures caused its abandonment for time and the sub- 
stitution the old process, use chloride mercury. 

The Special Committee, after thorough investigation these 
failures, reported follows: 


“1. Original imperfections the process. 
vacuum did not properly clear the timber sap. This has been 
improved upon previously steaming the timber, liquefy and 
vaporize the sap, before the vacuum applied. 

“9. was probably mistake select bridge timber for this 
experiment; imperfectly the work was done, would have proved 
far greater success had been applied cross-ties. 

“3. Operating upon unseasoned timber. practiced Europe, 
exclusively applied seasoned timber. This being 
generally imported from distance, has chance dry transit; 
cut the vicinity the works, piled for several months 
before treatment, thoroughly steamed, that the water may 
evaporate and make room for the solution. Moreover, also well 
dried before using, prevent the zine from washing out. 
this view, may mentioned that while the bridge 
timber did not last well, several sets switch ties which had been 
about months and seasoned, were Burnettized Owego, for the 
road department the Erie Railway, and laid its tracks, with the 
result that nine years afterward they did not show particle decay. 
These ties have been lost sight since, but your committee has its 
possession oak tie, one lot two car loads, seasoned and 
Burnettized Owego, which lay the track Susquehanna station 
for years, and almost perfectly sound to-day. 

pressure. has been suggested that the pressure 
ought have been some 200 pounds per square inch and continued 
hours, instead This might have produced somewhat better 
results, but believed that the last cause, which remains 
mentioned, more fully accounts for the partial want success. 

Undue haste treatment. accordance with the usual rail- 
road practice never ordering materials until they are imperatively 
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required, the timber was not procured until the bridge which was 
intended rebuild was about ready come down. Then there was 
great haste; the Burnettizing works were hurried up, and the timber 
went straight from the stump into the cylinder, and from that into 
the bridge, with very imperfect treatment. pressure was applied 
the operatives, instead the cylinder, and result the timber 


was ‘put through,’ without sufficient preparation, some hard 
frozen winter. 


“It has been found, however, both this country and Europe, 
that when zine solutions are employed, weak enough not injure 
the strength the timber, they are likely wash out under the 
action rains and moisture, and leave the timber unprotected. 
This quite well shown the ties the Chicago, Rock Island and 
Pacifie Railroad (Experiment No. 8), which are and exfoliated 
the outside.” 

The following summary the various causes failure, brought 
out the Special Committee: 

material treated. 

seasoning. 

Third—Use immediately after treatment, instead allowing 
timber season. 

pressure. 

much haste, and consequent poor work. 

leaching out the salt. 


along these lines that the Burnettizing process 
developed. Engineers to-day not advocate the bridge 
timbers, nor, fact, any timbers, with solution chloride 
such treatment being confined principally ties. The value pre- 
liminary seasoning realized, and present few ties are treated 
without it. also known that, order obtain the best results, 
absolutely necessary dry timber after treatment. 

The writer agrees absolutely with the fifth cause for failure, 
reported the Special Committee, that is, “undue haste, and conse- 
quent poor work,” which probably has had more with failures 
then and now, than any other cause. 

now realized that the sixth the report the 
Special Committee, was correct, and, profiting this knowledge, the 
Burnettizing method not condemned, but its use has been restricted. 


present only certain timbers are treated with zine chloride, and 
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more care exercised the selection the uses and localities for 
which The fact that zine chloride good pre- 
servative and the cheapest, warrants its continued use, provided dis- 
cretion exercised. would foolish pay the additional cost 


for creosoting ties arid countries, would try economize 


the use zine chloride swampy countries. 


The strength the solution used was mentioned the 


report the Special Committee, and was concluded that too great 


strength caused timber become brittle. This true to-day, and 


solution probably the strongest now use. 


The strengths the solutions vary from 5%, depending the 
/O9 


character the timber treated; naturally, the denser the timber, 
the denser the solution. 


The Bethell process, Creosoting, was invented and brought into 
use 1838 Mr. John Bethell, and his discussion 


the paper Mr. Burt, 1853, made the following 
remarks 


“Experiment proved that Oil Tar, Creosote, was perhaps the most 
powerful coagulator the albumen [of wood], whilst it, the same 
time, furnished water-proof covering for the fibre, and its 
properties prevented putrefaction. If, then the operation injection 
was well performed, there was every reason anticipate the perfect 
Creosote oil into each foot timber, the process 
For railway work, lbs. per cubie foot would suffice, but, for 
marine work, was better not have less than per foot. 

was inclined prefer the employment porous timber; 
absorbed the Creosote more readily—was more perfectly saturated— 
was cheaper its first cost, and when properly prepared, would last 
longer than heart oak any other very solid 

“The best timber for use was young, growing wood, thoroughly 
dried; was fresh had been floated, saturate the 
pores with water, there was great difficulty 

“Mr. Bethell had experienced much difficulty 
proper quality oil tar, that was compelled establish manu- 
factories and distil it, suit his own purposes.” 


Speaking further its use and the Special Committee 
reportst that: 


Minutes Proceedings, Inst. E., Vol. XII, 225; also Transactions, Am. 
E., Vol. XIV, 265 


+Transactions, Am. Soc. E., Vol. 266. 


a 

th 
su 

‘ 


Papers. TIMBER PRESERVATION 1363 


“As protection against marine worms (the Navalis and 
Terebrans) creosote the only known preservative, and 
there enough injected thoroughly efficient. All other 
substances which have been tried, have failed, but the success 
creosote has been established abundant evidence all the world over. 

“The English have found pounds the foot sufficient 
their harbors. The Dutch and Belgian engineers use about the 
same. But the French, relying upon series very careful experi- 
ments, extending over series years, Mr. Forestier, consider 
that about pounds the foot required their harbors 
order quite safe against the teredo. This latter quantity has been 
used this Mr. Putman for piles exposed along the 
Gulf Mexico, and seems probable that the higher temperature 
the sea water, and consequent greater activity the the 
and our own southern harbors, requires more thorough 
impregnation with creosote than the northerly waters afford 
immunity. 

“The conditions under which creosoting done England differ 
from those this country two important particulars: 

“1. The English operate upon seasoned timber, which, 
chiefly brought from the islands the from Norway, and 
from Sweden, generally reaches them some months after 
and frequently remains stacked some months more after 
arrival before creosoted. All the English engineers specify that 
‘the timbers shall thoroughly dry before being creosoted,’ while 
this country have almost invariably operated upon freshly cut 
timber, full sap. 

“This has led steaming the timber previous its injection with 
creosote (as well with the salts), order vaporize the 
moisture and make room for the solution. There are several methods 
this steaming, covered number patents more less 
meritorious, but the committee has included them under the general 
head steaming describing some American experiments. 

“It understood that steaming now also used abroad, particu- 
larly Germany, even when seasoned timber injected, being 
considered valuable improvement upon the original 
Mr. Bethell. 

Creosote cheap and abundant England, while 
paratively and dear this country. This, together with the 
higher price labor and the longer time required operate upon 
freshly cut timber, has made creosoting much more expensive here 
than England that majority cases caleulation showed that 
was cheaper let the timber rot and replace than the 
expense preparing against decay. 

“This affairs brought about number 


be 
rs. 
or 
st 
Ze 
1e 
mn 
or 
Cc. 


1364 TIMBER PRESERVATION 


inventions and experiments circumvent the foreign experience and 
make little creosote perform much great deal. None 
these can said have been successful, and one the anoma- 
lies which first much puzzled your committee that the record 
experience this country should chiefly consist failures, 
while the process thorough England.” 


this short comment creosoting, the Special Committee has 
dealt with all questions importance, namely: 
The quantity 
The character the creosote; 
The kind timber treated; 
The conditions timber best for treatment; 


The best method seasoning the timber efficiently. 


reason better understanding these questions that the 
art has developed. opinion will found 
all these matters, but nevertheless the art, whole, has progressed. 

Timber must protected against decay, attacks land and water 
insects, and, for some uses, must water-proof. 
answer properly any these questions, one must have 
guarded against, the timber itself, and the preservative. 

order answer properly the question regard the quantity 
preserved against decay, against mechanical destruction insects, 

used must known, well the climatie conditions. 

timber protected against marine insects, necessary 

intended, and its characteristics. 

The cause decay now generally understood, and the proper 
quantity necessary for its prevention receiving con- 
siderable attention. Owing the increased cost creosote oil, and 
its scarcity the United States, processes have been 
developed, the past few years, which small quantities oil are 
used, which claimed will produce the same results the larger 
quantities used the past. 
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These processes are now commonly known the empty-cell proc- 
esses. The older process known the full-cell process, and its 
advocates claim that order preserve timber effectually, neces- 
sary use enough creosote fill the cell structures. They also claim 
that the desire reduce the cost preserved timber the use 
smaller quantities oil, has produced certain patented processes, the 
claims for which fulfilled. 

Advocates the empty-cell process claim that only necessary 
paint the cell walls prevent decay, and that, their special 
process, possible fill the cell structure completely with oil, 
and then withdraw most it. Thus the cell structure virtually 
painted with small quantity oil. 

not the writer’s intention into this controversy, and 
will only state that known that timber can preserved 
the process. 

All the information have to-day, the value creosote 
have been treated the full-cell process, and whether will 
possible reduce the cost the use smaller quantities oil, 
still open question. will only answered when sufficient time 
has elapsed demonstrate thoroughly its efficiency actual experi- 
ence. hoped, however, that this endeavor reduce the cost 
preserving timber, will not lead false economies and, consequently, 
false impressions good preservative. 

the protection timber against marine insects Southern 
waters, present experience indicate the use least from 
oil per cu. ft. the timber used Northern waters, from 


lb. per cu. ft. depending the character the 
timber treated. 


There are certain purposes for which timber used to-day, sych 


the modern wood block pavement, which that quality which 


makes good preservative less importance than that 
which makes good water-proofing material. 

When creosote was first used the United States preserve 
timber for paving purposes, was thought that was only necessary 
prevent decay, and specifications were based experience with 
creosote preserving timbers for ties and other purposes. These 
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specifications naturally called for oil similar that which had been 
most effective such preservation. was soon found, however, that 
something more than preservative was necessary. The timbers 
absorbed large quantities water, expanded greatly, and destroyed 
the surface the roadway. The natural development was increase 
the quantity oil used; this the trouble for number 
years, but was discovered that short time the oil disappeared 
from the timber, absorption again took place, and trouble from ex- 
pansion and contraction necessarily followed. This led 
the creosote itself, not only preservative for paving blocks, but 
also for timber, for was naturally thought that disappeared 
from paving blocks, would also disappear from timber. This deeper 
study into the preservative itself has developed considerably. 

now customary differentiate the oils into those suitable for 
the preservation timber, for paving blocks, and, possibly, for the 
protection timbers against marine insects. 

now generally conceded that the higher boiling constituents 
the oil are the valuable ones, and whereas formerly high percentages 
tar acids and naphthalene were specified, now customary 
require low percentages both. fact, although early specifications 
for not less than 10% tar acids and 40% naphthalene, those 


to-day demand not more than the former and the 
latter. 

When this oil used for the treatment paving blocks, the 
allowable tar acids are cut down 2%, and the naphthalene 
12%, but where the timber protected against marine 
insects, still customary use oils with large 
naphthalene, for experience seems prove that the best protection 
afforded oils lower gravity. 

Due the development creosote oil and its gravity 
and viscosity, another question importance was presented the 
wood preserver, namely, the characteristics the timber itself. 

was discovered that oils would penetrate certain timbers more 
easily than others, thus the timbers could classified, those each 
group having about the same factor absorption. 

Mr. Angier, Superintendent Timber Preservation the 


Chieago, Burlington, and Railroad, who has made thorough 
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study this particular question, divides the timber into three groups, 


Class absorbing less than volume; 


“70 


Class places such woods red oak, pin oak, beech, and 
tamarac; Class sweet gum, chestnut, sycamore, and poplar; and 
Class tupelo gum, short-leaf pine, birch, and cottonwood. 

Another classification which must made that seasoned and 
green timbers. There seems difference opinion, the 
present time, the fact that best, all cases, air-season 
timber before treatment; but conditions are such that this not 
always possible, especially the structural timbers. Almost 
all railroad ties use to-day are being air-seasoned before treatment, 
but practically bridge structural timbers, and conditions are 
such that probably will never possible air-season such timbers. 
Necessarily, then, some method must devised season them 
artificially. The writer will not attempt into the details all 
the various methods use to-day. Investigation has shown that, 
timber treated with oil, should seasoned oil, and 
bath steam, precaution being taken not steam too high 
pressure, nor for too long period, excessive steaming materially 
reduces its strength. 

The writer has attempted bring out the important lines along 
which the art timber preservation has developed, and will 
noted that this development has been practically that the original 
processes, namely, Burnettizing and Creosoting. 

Another development, which wishes review briefly, that 
the modified processes which are, with one exception, com- 
bination and zine chloride. The exception the “Well- 
house” which zine chloride, tannin, 
and glue. 

There are three processes which use mixture zine chloride and 
creosote preservative, namely, the Rutgers, Allerdyce, and Card 


processes. 


the “Rutgers” process these two liquids are injected mixed 
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condition, the object being maintain uniform mixture regulating 
the gravities the two liquids that one will remain practically 
suspended the other. This method, while still use some extent 
abroad, has had very little success the United States, and the writer 
knows plant now operating under this process. 

The “Allerdyce” process two-action process, the zine chloride 
being injected first, and then the creosote oil. 

the “Card” process, which practically new, having only been 
patented March, 1906, the creosote injected, mixed with the 
chloride, the mixture being maintained under pressure centrifugal 
pump. This, course, has the advantage over the Allerdyce process 
reason its being one-movement process and, addition, the oil 
probably carried farther into the wood and more evenly 
distributed. 

These processes, undoubtedly, have considerable merit 
prove successful, providing the zine chloride penetrates the heart 
the timber and the creosote sufficiently act plug prevent 
from leaching out. 

The heart wood certain timbers seems resist penetration 
alone, although susceptible penetration zine chloride. 
The main objection the injection zine chloride alone, is, stated 
before, that the uses timbers treated are restricted, due the 
fact that the zine, being soluble salt, soon leaches out. This objection 
overcome the leaching can prevented, and this the creosote 
oil injected. 

There seems little question that this process more value 
than straight Burnettizing, but never claimed that effective 
straight creosoting. Its cost slightly more than Burnettizing and 
slightly less than creosoting. For the preservation railroad ties 
properly selected territories, undoubtedly great value. 

this paper the writer has endeavored give brief history 
the development wood preservation. has abstained entirely 
from the use figures showing this development, and has attempted 
bring out only those phases the question which him seemed 
important. 
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The industrial and development the past two decades 
has opened many new lines special work the Profession 
Engineering, none which more difficult and complicated 
greater ultimate value the large than that the appraisal 
valuation the property owned and operated service 
corporations; and none the fields engineering specialization 
requires greater care calls for more skill, experience, integrity, 
sound judgment. 

The individual engineer, commission engineers, entering 
upon appraisal large magnitude, particularly one including prop- 
erties more than one company, will find conditions varying every 
one, and each property presenting new, complex, and confusing ele- 
ments value pass upon and determine. 

Prior 1900 there had been few calls engineers for large 
appraisals, and the literature descriptive engineering effort along 
this line was practically nothing. Since 1900 many extensive appraisals 
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cussion. Correspondence invited from those who cannot present the meet- 
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have been undertaken States, railroad and banking corperations, 
and cities; certain well-defined lines practice have been 
developed; many differing opinions certain methods 
ples have been brought out; and enough has been added the printed 
literature enable one compare methods work and fix with 
reasonable certainty upon some correct, and others 
improper. 

There are many complex factors entering into the problem 
valuation, many widely different plans have been presented, and 
there are many thinking men who have opposed and honestly 
and sincerely oppose any form valuation, that most thorough study 
the subject should made. should examined from all angles, 
and every possibility danger from legislation regarding should 
weighed with utmost 

The question railroad valuation, involving does the largest 
industry the nation, naturally takes first place such discussion, 
but many the general principles railroad valuation are 
applicable the appraisement corporate property, many argu- 
ments have been advanced engineers and others, and many 
judgments the Courts have been rendered connection with water- 
works and gas-works valuations, that not desirable limit this 
discussion wholly the problem railroad valuations. 

The reasons for requiring that valuations made may broadly 
divided into two general classes: 

larly the investing requires valuations order guard 
against unworthy and dishonest corporation securities, assured 
that corporations are bearing their legitimate and proper share the 
burden taxation, and furnish proper basis for fixing equitable 
and just rates for the services rendered the corporation. 

Under this class would come all appraisals made for information 
used basis for legislation relative to: 


(a) Taxation Corporations—Such were 
Michigan and Wisconsin. 


(b) Rate Regulation—This was the reason which prompted the 
work Minnesota and Nebraska. 

(c) Limitation Capitalization—The regulation issue 
stocks and bonds was the purpose the Texas valuation. 
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(d) Fixing Price for Sale—Many the water-works and 
light valuations were made order determine 
fair price paid for the property the expiration the 
franchise. 

(e) The General Information the Public—To used con- 
nection with the fixing terms for franchise renewals, 

Second.—As Matter Corporation Necessity Expediency.— 
Valuations are made order guide large investors, secure 
safe and up-to-date basis which negotiate sale, purchase, 
reorganization the property, consolidation with other like 
properties, and secure justice honestly administered corporations. 

The great majority appraisals under this head have been 
accordance with some other methods than those adopted the State 
valuations. not intended this paper engage any argument 
the various purposes appraisals, even urge the necessity 
desirability general appraisal properties. absolutely 
accurate and correct statement the cost reproduction all the 
properties the railroads the country, correct statement 
the actual capital needed reproduce these properties they exist, 
and, along with this, statement the actual physical depreciation, 
would document vital interest. 

This paper confined discussion the methods which should 
used arriving correct figure cost reproduction and 
depreciation—it does not take questions involving the propriety 
those figures when reached. The propriety legality using such 
figures basis for assessed valuation, basis for rate-making 
(rate-making being art itself involving complications great 
those encountered valuation), any arguments the justice 
injustice legislation restricting issues stocks bonds, will 
place this paper. assumed that all these questions 
would have been taken and satisfactory answer reached before 

could have been ordered. 

The different elements value property, the relations this 
property the public, the method determining the worth these 
elements value which have been adopted the past men engaged 
valuation work, comparison these methods, discussion the 
objections that have been made them, and presentation, not only 


| 
‘ 
, 
7 


1372 THE VALUATION PUBLIC SERVICE PROPERTY 


the writer’s views proper methods, but those which dis- 
agrees with usages adopted others—these define the scope this 
paper. 

matter what particular end served valuation, the 
commission engaged upon will asked furnish fair value, 
perhaps with reasonable limitations the instructions, perhaps with 
general and indefinite instruction find the value. They will 
encounter, among other difficulties: 

fact that human machines are not exact duplicates, 
and that allowance must made for large measure error, 
account the personal equation the men engaged the work, 
individual errors judgment are frequent any work magnitude. 
This personal element must corrected uniformity method, 
constant checking, and, far possible, subordination 
sonality system. 

Second.—The fact that human selfishness dominant quality— 
the railroad manager who opposes methods which 
increase values appraisal for taxation, who, the other 
hand, uses every possible argument values the work 
basis for rate-making for restriction bond issues, the 
State official who desirous using original cost valuation 
used for rate-making order keep the valuation down 
minimum, and the politician who depends unenlightened public 
opinion create sufficient outery influence the work his advantage 
—are all actuated perfectly human wish attain ends which 
seem them desirable, and are but typical men who will endeavor 
influence every appraisal. 

view these considerations, question whether results are 
not frequently affected the knowledge their intended use, and 
whether system which will entirely remove such causes error can 
applied the work. 

examine certain property and report the true cost reproduction, 
depreciation, present value, taking into account all facts connected 
therewith, the final figures should not differ, whether the report 
used basis for reorganization, sale another corporation, 
used State legislature basis for formulating rate 
bill, basis for value for taxation. The result secured 
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necessary preliminary which depends the accuracy, fairness, and 
justice the other work which follow. This engineering 
work, statement certain physical property, the estimated cost 
reproducing new, less the estimated depreciation, and, beyond the 
due personal judgment, these figures may not vary. 

The word “value” common use, and yet, the minds many 
people, its exact meaning vague. true that the “value” 
property unstable figure, subject fluctuations due natural 
artificial causes, and that material change value may occur 
suddenly, but the “value” any given property any given date is, 
should be, from engineering standpoint, definite sum which 
may not varied changed suit the whim will the people 
for whom the work done. 

all the subsequent discussion values and methods obtaining 
values, assumed that, unless specifically limited determina- 
tion cost reproduction and depreciation, valuation commission 
should governed the following rules: 

1.—No account may taken the purpose for which the resultant 
figure value used; and the result should not vary, matter 
what that purpose may be. 

resultant figure should the honest judgment the men 
composing the commission, the actual cost reproduction, 


present physical value, “fair value,” 


and should ascertained 
systematie and method which takes into account all the 
facts concerning the property, its physical value, its strategic location, 
its operating revenues and expenses, and its franchises, rights, 
petition, opposition, and all other tangible intangible elements 
which would affect values. The method valuation should such 
minimize entirely all differences due errors 
personal judgment. 

properties being appraised are considered operating 
properties. One which dead, inert, and not use, 
considered coming under such discussion this, and such 
properties are not treated this paper. The term “going concern” 
not used connection with the physical property, any element 
value implied the term, over and above the “overhead charges,” 
being treated intangible non-physical element value. 
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stating this position, the writer aware that difficult 
matter indeed get away from the fact that some purpose— 
taxation, for example—is the definite end view every valuation, 
and that, men engaged the appraisal will find them- 
selves modifying their figures meet some real fancied condition 
which they conceive might arise, prevent some injustice which 
they believe might done. Every subordinate employee needs 
watched, every man charge must watch himself, will find 
himself unwittingly, almost instinctively, coloring his results some 
old prejudice his early years employment, some loyalty his 
own ideas governmental economic policy. The writer has noted 
this every appraisal which has been engaged, and calls par- 
ticular attention the first difficulty which must overcome 
the organization the for large appraisal. 

the following pages all complications which might arise from the 
purpose the appraisement are considered eliminated, and the 
possibility erroneous conclusions being reached reason the 
personal factor (while recognized being ever present) will not 
specially emphasized. 


THE 


reference questions value, the engineering commission 
must hear, consider, and reconcile arguments advanced adverse and 
often hostile interests. the one side stand the corporations, with 
large financial interests involved, often with excessive amount 
stock and bonds issued the property, the existence whiich issues 
the corporation wishes justify, and, whether properly capitalized 
not, the management being imbued with the perfectly human desire 
defend corporate interests from attack any kind; the other 
side opinion, often unreasonable, often misinformed, and 
frequently prejudiced. 

appears necessary, therefore, consider briefly the relation 
which these interests bear one another, study the causes which 
have led mutual misunderstandings, and note the proper relations 
which should, possible, established and maintained between the 
people and those corporations organized perform certain the 
functions the State. 
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operating under the terms rights, grants, franchises given 
the either this particular corporation direct granted 
statute class corporations. 

The property the corporation used render certain services 
the public, with the expectation financial gain. 

not material whether the grant franchise permitting 
water-works company use the streets and alleys city for its 
mains, and the service the pumping water for service 
and fire protection, whether the grant the statutory rights 
corporate existence and eminent domain, and the service rendered 
the transportation freight and passengers, the general principle 
the same; the company has secured from the people certain rights 
which enable business, and the people are directly benefited 
the services rendered the company. The increased comfort 
living makes for the growth the city; the increased transportation 
facilities build and develop the country traversed the railroad, and 
this growth and development, not only operate the advantage the 
people, but also that the company the way increased business 
and increased revenues. 

The capital required build and develop these properties was 
furnished the hope of, and with the expectation of, proper finan- 
cial reward. has frequently happened that such properties have been 
built years advance sufficient development support the enter- 
prise, built, fact, without expectation immediate returns, and long 
periods time have often elapsed before any profit has been secured. 

has also frequently happened that corporations have been aided 
very large extent public funds, the voting aid bonds, 
the donation large tracts land, payment for certain service 
such rates would largely relieve the company from loss opera- 
tion, the remission taxes, the direct donation funds. 

The company clearly entitled earn reasonable profit the 
actual capital invested, addition the legitimate cost operation, 
payment taxes, and sinking funds cover depreciation and 

The public clearly entitled good service the lowest rates 
that will permit the company earn its reasonable profit and ex- 


penses. Increases tonnage, population, and consequent net earn- 
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ings the corporation should entitle the public benefit reduced 
charges for service, when the increased earning permanent 
character. 

The general tendency the Courts has been treat franchise 
contract, and governed closely the language and evident 
intent the makers, but safeguard the rights the the 
fullest extent consistent with justice. 

franchise requires performance specific acts. Nothing 
will assumed implied. The Courts recognize that the investors 
are entitled reasonable returns, and that the public entitled 
fair rates. 

the case Los Angeles Water Company vs. City Los Angeles 
S., 711), the United States Courts held that the expiration 
30-year franchise, which provided that the city was pay for the 
value all improvements, when the city failed agree upon, tender, 
pay such value, long the company complied with the terms 
the contract, and until the city terminated making tendering 
payment, the passage ordinance the city fixing rates was void. 

the case Weatherly vs. Capital City Water Company (Ala. 
So., 140), the Alabama Courts held that the acceptance franchise 
involved grave responsibility, and that the company could not stop 
furnishing water and fire protection, even the work was done loss. 

the case Myer vs. Brown (65 Cal., 589), the Court said: 

“Tt well recall the fact that there more 
reason permit municipal government repudiate its obligations 


entered into for value, than permit individual so. Good 


faith and fair dealing should exacted one equally with the 
other.” 


Judge Brewer, the Kansas City Water-Works case (62 Fed. 
Rep., 853), said: 


“All contracts involving property rights and obligations, between 
municipalities and individuals, must presumed based upon 
and recognize the ordinary laws business transactions.” 

1903 the Maine Supreme Court issued set instructions 
appraisers appointed fix values certain properties. The Court 
set forth its views follows: 


“Summarized, these elemental principles are, the right the com- 
pany derive fair income based upon the fair value the property 
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the time being used for the public, taking into account the 
cost maintenance and depreciation and the current operating 
expenses, and the right the public demand that the rates shall 
higher than the services are worth them, not the aggregate, but 
individuals.” 


The Supreme Court the United States has again and again 
given its views, which may summarized follows: 


“Tt cannot said that corporation entitled, right, without 
reference the interests the public, realize given per cent. upon 
its capital stock. When question arises whether the legislature has 
exceeded its constitutional powers prescribing rates charged 
corporation controlling highway, stockholders are not 
the only persons whose rights and interests are considered. The 
rights the public are not ignored. 

* * * * * * * 

“The public cannot properly subjected unreasonable rates 
order simply that stockholders may earn dividends. The legislature 
has the authority every case, where its power has not been restrained 
contract, proceed upon the ground that the may not right- 
fully required submit unreasonable exactions for the use 
highway established and maintained under legislative author- 
ity.” (164 S., 578.) 

“Tt not inferred that the power limitation regu- 
lation itself without limit. This power regulate not power 
destroy, and limitation not the equivalent confiscation. Under 
pretense regulating fares and freights the State cannot require 
railroad corporation carry persons property without reward, 
neither can that which law amounts the taking private 
property for public use without just compensation. (116 


S., 307.) 
the case Smyth vs. Ames (169 S., 466), the Court said: 


“Tf railroad corporation has bonded its property for amount 
that exceeds its fair value, its capitalization largely fictitious, 
may not impose upon the public the burden such increased rates 
may required for the purpose realizing profits upon such 
excessive valuation fictitious capitalizations; and the apparent value 
the property and franchises used the corporations, represented 
its stocks, bonds and obligations, not alone considered when 
determining the rates that may reasonably charged. 

“We hold, however, that the basis all the 
highway under legislative sanction must the fair value the prop- 


erty being used for the convenience the 
* * * * * * 
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“What the company entitled ask fair return upon the value 
that which employs for the public convenience. the other 
hand, what the public entitled demand that more exacted 


from for the use public highway than the services rendered 
are reasonably worth.” 


The relations between the corporations and the public that they 
serve have been clearly defined the Courts, the foregoing quota- 
tions show. 

That the mutual relations existing between the management the 
corporations and the public are far from what they should be, there 
can doubt. the one hand, the great mass the voting public 
uninformed actual revenues, disbursements, and operations 
the corporations, whether their income unreasonably large, 
whether they are struggling exist. The sums money involved 
the dealings the corporations are stupendous comparison 
with the amounts used ordinary private business—even one 
considerable magnitude—that the majority the public cannot compre- 
hend them. The published statistics are such form that only the 
student affairs can understand analyze them, and but 
few the officials who receive them are able read the reports 
the properties and comprehend them. consequence, the cor- 
poration, political issue, has been the subject jest, gibe, and 
there has not been intelligent discussion available 
reports and statistics, and may said that, generally, the mass 
the public has come class all corporations grasping, overbearing, 
and unjust, and consider them all exceedingly prosperous. This 
has been taken advantage politicians for their own selfish ends, 
and has led sundry some which has been unreason- 
able and unjust the corporations, and much which aimed 
real abuses that never ought have existed. 

The reasonableness rate depends, not alone the amount 
capital invested, but the volume traffic, the density popula- 
tion, the actual cost service, and many other elements. Rate legis- 
lation has been attempted without full investigation. Acts have been 
passed compelling the estabiishment stations and terminals, the 
improvement roadway and structures, the purchase new equip- 
ment, the installation appliances and block signals, and many 
other requirements have been made, some (but means all) 
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which are unreasonable and burdensome. Nearly one-half the States 
the Union have law required 2-cent, 24-cent, passenger fare, 
regardless density population, amount traffic, other con- 
siderations which might render such rates unreasonable. The regula- 
tion the carriers, legislature, railroad commissions, State 
officials, and Courts, the addition burdens expense, and the 
cutting off revenue, all give considerable ground for the opposition 
the anything that looks like hostile legislation, and 
compels the student affairs admit that there justice the 
claim the managements, that there grave danger, not only 
seriously crippling many roads, but impairing the credit the 
railroads class that will increasingly difficult capital 
provide for the necessary extensions and development the trans- 
portation facilities the country. 

the other hand, perfect frankness compels the admission that 
the state public opinion which compelled the passage these laws 
has been caused largely the corporation officials themselves. There 
probably more loyal body men America to-day than the 
officials and employees railroads. Their loyalty, however, all 
“our company.” enter its service boys young men; they 
grow the full strength manhood working for its good; they 
take little part affairs; they have time for the 
study questions. Their friends are almost exclusively among 
their own associates the service the road, and their development 
along the lines their own special work the service. body 
honest, honorable, and worthy men, absolutely loyal their employ- 
ers, they have few equals; but doubtful any equal number 
men, equal intelligence, have limited knowledge the funda- 
mental truths government, knowledge colored bias. 
also doubtful whether any equal number men have their ranks 
few who bear active part the duties and activities citizen- 
ship, who exercise large influence their neighbors. 

While the foregoing statement believed absolutely true, 
will not pass over the notable exceptions. Such men 
the higher officials, who have taken active part affairs, 
have had commanding influence. Theirs has been the sound policy, 


the property their hands has not suffered. The short-sighted 
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policy which, December, 1909, induced the management one road 
compel all its employees holding municipal offices resign, bound 
react and create hostile feeling the part the public. 

The entire trend training railway service fill man 
with prejudice against all things that undertake regulate con- 
trol the corporations, and often goes far enable him do, 
willingly and matter right, things which with broader view 
the interest the whole community would not agree with all. 
The result this intensive training that the railway service has 
thousands men who become impatient with any effort regulate 
control; who permit their irritation show; and who, their own 
attitude, create unnecessary hostility. Delano, Am. 


E., President the Wabash, address* Hannibal, Mo., 
March 25th, 1909, said: 


“In ordinary manufacturing commercial undertakings, every 
man has his own notions about the conduct his business, and does 
not want interfered with, dictated people who know less 
about his business than does himself. Now, while may 
argued the case public service corporations that the people who 
have put their money into these enterprises, have done with their 
eyes open and with full knowledge that they were subject govern- 
mental regulation and control, there nothing that argument 
which makes interference any more palatable the man 
group men who are interfered with.” 


This address well expresses the spirit the railway managers and 
employees toward all forms investigation, and the complete lack 
understanding, the part these managers, the legal moral 
relations which they bear the communities which they serve. 


extremely unfortunate that railway and corporation people have 


taken the public fully into their confidence, and fully and freely given 
out correct information the operation and depreciation their 
properties; also, unfortunate that, when corporation official 
does feel grievance, permits himself make partisan speech, 
write unwise article for publication. Much hostility trace- 
able foolish, undiplomatie sayings writings corporation man- 
agers (which are often but half quoted), equally foolish speeches 
newspaper editorials opposition the corporations, which are 
taken seriously the managers. Whatever may the cause, there 
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regrettable hostility, and, the part the corporation officials, 
there apparent unwillingness admit right motives anyone 
theories regarding corporate regulation and control, due 
largely the training and atmosphere surrounding the corporate 
service. 

The public has large bill particulars, one which the promo- 
tion wildeat companies, such, for instance, the “New York and 
Air Line” project which, only year ago, drew from 
000 000 from the people limited territory. These 
people were “investing” railway stocks. Federal control the 
issue stocks and bonds would have prevented this and hundreds 
like swindles. Any move secure such law has always been 
opposed the management large and legitimately operated corpora- 
tions, under the impression that they are about persecuted, and, 
naturally, the victim classes these corporations with the alleged one 
that secured his money. 

The issue stocks and bonds far excess any possible cost 
value railroad, street railroad, and other properties, and the 
making large personal fortunes the promoters, are matters 
such frequent occurrence that difficult, indeed, dismiss them 
with mere denial. There hardly community any size which 
has not had its example “consolidation,” “combine,” “merger,” 
which has resulted the issue excessive securities; and there 
hardly citizen any intelligence who has not either seen had 
experience with some form corporation promotion carried strictly 
within the law, but which, nevertheless, plain language, was 
swindle. These, say nothing some gigantic deals involving mil- 
lions, will sooner later compel some form regulation the issues 
stocks and bonds. the last analysis, the money the 
people, the hundreds thousands small investors, depositors 
banks, and owners life insurance, whose money goes into corpora- 
tion securities, and, until the officers the great railroads co-operate 
securing such forms control stock and bond issues will make 
impossible the purely speculative “wildcat” corporations, and thus safe- 
guard minor corporations, furnish least reasonable security 
those whose money invested, all forms corporation security 


must under suspicion with the public, and the agitation for control 
must continue. 
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not, Mr. Delano says, case put your money with 
your eyes wide open; effort the part the people safe- 
guard this form corporate security such way that can 
treated any other form sound investment. should not 
necessary require that all investors corporate securities finan- 
cial experts. the writer’s opinion, based his observation and 
professional practice, that the railroads are not generally open 
charges over-capitalization. While there are flagrant instances, the 
chief culprits are among other classes corporations. such the 
fact, would seem that the interests the great railway corpora- 
tions would wise jeopardized sane and reasonable control. 

The theory taxation that every one shall bear his proportion- 
ate burden the cost maintaining the government. 

Regardless any opinions that may held the propriety 
the methods adopted the Interstate Commerce Commission’s com- 
mercial valuation railroad properties, will conceded that the 
results gave set figures for all the States the Union, secured 
uniform method computation and distribution. Table which 
compilation from Tables Bulletin 21, shows clearly why, 
certain States, corporate taxation live issue, and (as suggested 
Mr. Williams his article, elsewhere referred to) amendment 
the Constitutions some the States necessary, safe 
assume that the condition inequality shown this table such 
compel these changes. 

needless cite further instances; enough has been said 
indicate 

the corporations and the public have such intimate 
business relations that blow either must necessarily injure 
the other seriously; 

Second.—That the Courts have defined quite clearly the legal 
relation existing between the two interests; 

there lacking proper spirit mutual confidence, 
and the two interests the present time are generally hostile; 

Fourth.—That there have been errors and abuses the part 
both corporations and public; and 

Fifth—That capital invested corporations is, and should be, 
the money the people, and should safeguarded 
prevent its loss manipulation, and insure fair return. 
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TABLE ASSESSED VALUATION AND 
VALUE 


Ratio 

Commercial FOR ASSESSMENT. assessed 

State territory. value: commercial 
CK. 30th, 1904. valuation: 


Year. Percentage. 


669.35 $150 211 000 1905 $53 926 026 85.9 
California....... 262.54 694 000 1904 378 550 26.3 
976.24 198 261 000 1908 492 185 25.0 
017.72 105 869000 1904 120 648 114.4 
622.74 805 057 000 1904 425 709 055 63.8 
917.85 1904 165 868 367 44.2 
253.00 155 772 000 1904 658 040 49.9 
898.74 000 1904 044 195 28.9 
660.29 277 1904 196 795 000 70.9 
Montana 267.10 196 1904 759 827 18.7 
Nebraska.......... 820.88 263 170 000 1904 082 18.5 
New Hampshire..... 275.97 000 1904 625 000 28.3 
333 568 000 1904 231 655 525 69.5 
New York..... 297.29 898 222 000 229 582 064 25.6 
North Carolina........ 075.00 146 000 1904 480 974 61.4 
North Dakota......... 190.77 128 890 000 1904 160 304 18.0 
196.88 689 000 1904 183 858 945 19.4 
611.08 668 000 1905 317 15.2 
Rhode Island..... 211.89 719 1904 882 61.6 
South Carolina...... 000 1903 467 716 39.0 
Tennessee....... 131 166 1908 536 566 46.6 
848.08 287 718 000 1904 209 785 40.0 
982.33 211 315 000 1904 269 623 
West Virginia......... 799 000 1904 771 358 14.2 
Washington........... 355.83 182 837 000 1904 066 949 14.3 
048.76 1904 218 024 900 76.6 
Wyoming 247.70 100 307 000 498 232 
356 000 1904 667 349 9.7 
New 504.66 640 000 1904 511 588 9.9 


this subject, may not amiss quote the 
language the Supreme Court the Knoxville Water Case (212 
S., 1), follows: 


“Regulation public service corporations, which perform their 
duties under conditions necessary monopoly, will occur with greater 
and greater frequency time goes on. delicate and dangerous 
function, and ought exercised with keen sense justice 
the part the regulating body, met frank disclosure the part 
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the company regulated. The Courts ought not bear the 


whole. burden saving property from confiscation, though they will 
not found wanting when the proof clear. 

“The legislatures and subordinate bodies whom the legislative 
power has been delegated ought their part. Our social system 
rests largely upon the sanctity private property, and that State 
community which seeks invade will soon discover the error, 
the disaster that follows. The slight gain the consumer, which 
would obtain from reduction the rates charged Public Service 
Corporations, nothing compared with his share the ruin 
which would brought about denying private property its just 
reward, thus unsettling values and destroying. confidence. the other 
hand, the companies regulated will find their lasting interest 
furnish freely the information upon which just 


based.” 
TERMS. 


order that there may doubt the exact meaning 
the terms used throughout this paper, few definitions explanations 
are submitted: 

Appraisal, words are used interchangeably, 
and refer the engineering work determining the present worth 
both physical and intangible properties corporations. 

Cost expression refers the estimate 
cost reproducing the physical properties they exist the date 
the appraisal, all elements entering into the cost being considered 
new and not affected the elements depreciation obsolescence. 

Cost, Original Cost.—These terms refer the actual amount 
money paid for the property, either when was originally constructed, 
its condition the time appraisal, the latter case being the 
original cost plus the cost additions and betterments, less abandoned, 
replaced, worn-out property. This figure ought represented 
the “book cost,” but not often that “book cost” and “actual 
cost” are the same. 

Present Value, Present Physical terms are used 
describing the physical property reproduced after affected 
all elements depreciation appreciation. The use the word 
“value” this expression unfortunate, may lead some 
confusion. must kept clearly mind that, where this term 
used, refers only physical property depreciated, and 
intended refer the final “fair value” the property. 
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Non-physical, Intangible, terms are used repre- 
sent those elements, entering into the final worth the property 
business concern, which arise out the operation the property 
and are not attachable the physical property. 

All the foregoing terms have with the determination the 
elements which enter into the final value. 

What defining the exact meaning this term, 
applied the property public service corporation, many ele- 
ments must taken into account. Standard authorities give many 
definitions “value,” none which appears meet fully the require- 
ments the term used herein. Before considering the elements 
which enter into the value corporation property, attempting 
determine the methods used fixing proper figures worth 
for each these elements, proper and necessary obtain clear 
definition “value,” the thing sought ascertained the inquiry. 

The term, “commercial value,” has been considered place 
“value,” but not used because held more properly applica- 
ble the selling exchanging value fractional interests the 
property, and the methods computing the commercial value 
securities which are common use cannot adopted engineer- 
ing valuation. The Standard Dictionary definition “commercial 
value” is: 

“The source commercial value, according different schools 
economists, (1) the degree want felt for commodity 
shown the relation supply and demand, (2) the amount labor 
embodied it, (3) the cost reproduction. Practically, com- 
mercial value that for which thing sold exchanged 
given time and place.” 

The definition given Professor Adams is: 


“The estimate placed upon the worth property, regarded 
business proposition.” 


Both these definitions are measure involved, and the writer 
considers that the term, “Commercial Value,” too narrow and 
restricted properly used. 

definition that estimate worth which engineering 
commission should report the result complete appraisal, the 
writer submits the following: 

The value of.a property its estimated worth given time, 
measured money, taking into account all the elements which add 
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its usefulness desirability business profit-earning proposi- 
tion. 

There are two classes elements entering into the final 

(1) The “Physical Property” Element consisted 
those things which are visible and tangible, capable being 
inventoried, their cost reproduction determined, their depreciation 
measured, and without which the property would unable produce 
the commodity the sale which income depends. This physical 
property considered operating entity, and not collateral 
inert and partly worn-out equipment, and, being considered, carries, 
part the physical value, those costs and charges which are 
inseparable part the cost construction but not appear the 
inventory the completed property. 

(2) The “Non-Physical” “Intangible” Elements 
These are those things which, added taken from the worth 
the physical property, make the value, and include whatever 
the property reason its operation, reason grants, 
contract rights, competition, location, which the time appraisal 
affect favorably unfavorably the worth the property. 


The worth the physical property primarily that which 
the value the whole property rests. 

While clear that the worth the physical property, being 
the cost reproduction less depreciation, not necessarily the value 
the property, equally clear that the physical worth must bear 
some very definite relation value, and the writer strongly the 
conviction that this relation such that “value” cannot ascertained 
without determination physical worth. The physical property 
vlement represents the investment which fair return 
earned, and most appraisal necessary for the determina- 
tion the amount money actually invested. illustration the 
fact that “physical value” and “value” are not the same, the case 
two railroads actually existing and operation between two cities 
Michigan may cited. 

Road “A” narrow valley through high and abrupt hills. 
Its alignment fair for hilly country; its maximum grade per 
has number bridges, all short and low. Its cost 
reproduction might reasonably placed $28 000 per mile. mining 
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town one end ships heavy tonnage down grade lake port 
the other. 

Road “B” was constructed several years later, and, being barred 
from the only valley, built line across the hills, involving heavy 
grading, very long and high steel trestles, longer line, maximum 
grades 2%, and heavy climb from the mining town the 
summit before starting drop the lake. The cost construction was 
more than double that Line “A,” and the tonnage which can 
hauled either direction but small fraction that which can 
hauled with the same power Road “A.” reasonable figure for 
cost reproduction may given $60000 per mile. 

Here clearly case where the older, less expensively built road 
has value earning proposition far excess the new 
road. The rate commodities does not affect the relative difference. 
higher rate, while permitting Road “B” live, greatly adds the 
value Road “A,” while the latter can operate profit rates 
which would not permit Road “B” pay expenses. 

This example indicates the existence non-physical values, not only 
positive the case Road “A,” but also negative Road “B.” 

Many properties have been built the United States, represent- 
ing large investments capital, which are not, and some which 
can never be, profitable business investments. all such the physical 
valuation will exceed the final value where the property considered 
operating concern, and negative factor cover improper loca- 
tion, uneconomical design, ill-advised investment, whatever the 
trouble may be, should applied. 

The physical property that which enables the corporation 
business. Without physical property could not produce the com- 
modity which sells. The amount money actually invested 
that physical property represents the measure capital 
which morally entitled earn interest and profit; and, the 
stage promoting and financing the enterprise, all hope earnings 
based the amount money required construct the property. 
These considerations lead the writer contend that the true method 
valuing corporate property first determine the cost repro- 
duction the property and its depreciation, and modify this figure 
any applicable positive negative non-physical elements 
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Organization. 


The State Legislature Michigan, the session 1899, passed 
act creating Board State Tax Commissioners and outlining 
and prescribing their duties. This act authorized the board “inquire 
into and ascertain the value the property corporations paying 
specific taxes under any the laws this State.” 

The object this valuation was determine the rate which 
the corporations were paying taxes, the end that necessary laws 
should passed that all taxable properties the State might 
taxed uniformly. 

September 1900, the Board Tax Commissioners appointed 
Professor Mortimer Cooley Appraiser Properties. Immediately 
thereafter the general organization was mapped out along the following 
lines division labor and responsibility: 

matters general policy regard 
the conduct the work, ail matters relating negotiations and 
conferences with officials corporations, all transactions with the 
State Tax Commission, the Governor, the Board State Audi- 
tors, and the entire direction all relations with the public through 
newspapers and other channels, were retained the appraiser, who 


was the final arbiter all matters referred him regarding the 
details the work. 


the course construction would fall under the supervision the civil 
engineering department road, including land, roadway, bridges, 
and structures, was charge the writer. 

appraisal all motive power, 
rolling stock, and property which the course construction would 
fall under the supervision the mechanical engineer, including power 
and electric plants, shop tools and machinery, water stations, 
was charge Mr. Theodore Hinchman, Jr., Detroit, Mich. 

the matter the final assembling figures, computation per- 
centage values, and compilation final results, Mr. Hinchman and 
the writer worked together with joint general supervision. 


inspection and appraisal all telegraph 


properties was under charge Mr. William Conant, Detroit, 
Mich. 
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appraisal all telephone properties was 
directed Mr. William Rice, New York. 

6.—Vessel vessels belonging companies whose 
property was involved the appraisal were inspected and appraised 
Herbert Sadler, Professor Naval Architecture and Marine 
Engineering the University Michigan. 

the following narrative, special mention made the 
work executed under the direction Messrs. Conant, Rice, and Sadler, 
because they really had charge independent appraisals which were 
conducted lines similar those adopted the railroad appraisal, 
and their methods were not different from those the latter; hence 
any description their work would large measure repetition. 
This omission wise construed any reflection the 
importance high character their work. 

The organization just outlined, while necessarily touching and 
overlapping points, was generally defined clearly that there was 
duplication work. Each head department was responsible for the 
work his special division, and directed the laying out and execution 
the work done his men. 

The first task, after deciding the general organization, was 
determine the general methods adopted and the manner 
getting the necessary detailed information. The magnitude the 
work was appalling. There were seventy-eight different incorporated 
companies, owning some 10000 miles railroad, scattered over 000 
sq. miles territory. addition, there were number small 
unincorporated railroads, telegraph, telephone, plank road, and other 
corporations, many which had records, complete inventory, 


and department organized that the information could readily 
secured. was determined: 


(1) make secure complete detailed inventory every 
piece parcel property belonging each company; 

(2) examine each separate thing, place estimate 
reproduction and depreciation; 

(3) prepare, basis for the final figure value, esti- 


mate the present value, being the cost reproduction less 
the depreciation. 


Having determined detailed physical inventory and appraisal, 
the next step was outline the work secure absolute uniform- 
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ity. The difficulties which confronted the appraiser this period 
were many, chief among which were: 

(a) Lack Complete Understanding the Part the State Offi- 
Governor and Board Commissioners rendered every 
possible assistance, but the Board State Auditors was not first 
fully committed the work, and the uncertainty whether 
not bills would paid, delayed seriously the employment men and 
the full commencement work for weeks after the first organ- 
ization was made. 

(b) The Attitude the Railroad Corporation Managers.—While 
this was not actively hostile, was serious cause delay, they 
not foresee what effect the work might have the interests 
their charge, and, while not refusing access their records, they 
delayed and held back information; fact, long time elapsed 
before all the companies opened their records the appraiser and 
his staff. 

(c) The Confused Condition the small corpora- 
tions had absolutely nothing the way records buildings, 
bridges, land, other properties. Others had very complete records 
certain departments and very imperfect ones others; still others had 
records which had every appearance being complete, but they were 
not up-to-date. 

Facing appraisal this magnitude, with time limit only 
months for the entire work, with delays the outset which seriously 
hampered the organization for weeks, the appraiser was com- 
pelled this time preparing the blank forms used 
the work, and conducting correspondence with the men who were 
make the working force, investigating their references, etc. 

The blank forms, Figs. 10, were the result series 
conferences between the members the staff. this time was 
quite evident that great amount help could hoped for from 
the corporations. Had been possible secure access the records 
such railroad companies the Michigan Central the Lake Shore 
and Michigan Southern before the final drafts the forms were 
prepared, the writer believes that several might have been simplified and 
many improvements could have been made. this was not 
possible, and the forms were prepared and printed before access 
any railroad office had been granted. 
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in Miles 
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of Side Tracks. 
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Yard Tracks 
Miles 


Double Track 
Miles 


Rail under 
lbs. per yard 
Miles 
Rail 40 to 49 
lbs. per yard 
Miles 
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Miles 
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Miles 
Rail 80 to 89 
Ibs. per yard 
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Rail 90 to 100 
per yard 
Miles 


Rail over 100 
Ibs. per yard 
Miles 
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per mile 


Percentage of 
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Number of 
Curves over 
3 Degrees 


Total 
Curvature 
over 
3 Degrees 


What is 

Degree of 

Marimum 
Curves 


Descenta 
Feet 


Number of 
Miles Grade 
0.5% to 1% 


Number of 
Miles Grade 


Vhat is rate 
Your Maxi- 


their length 
Miles 


WSIVUddvY GVOUTIVY NYDIHOIN 


Ascents 
Feet 
m 
Sum of 
Over 1% 
1 | 
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T.C. Form R.R. 18 


MICHIGAN RAILROAD APPRAISAL 
INTERLOCKING PLANTS 
MICHIGAN 


Include all Electric Crossings having full Interlockers.. 


Proportion of 


Maintenance 


Wie Cost Paid 


Working this Co. 


T.C. Form R.R. 8 


STATEMENT CROSSING PROTECTION 
MICHIGAN 


MICHIGAN RAILROAD APPRAISAL 


Railroad 


DIVISIONS ROAD 


umber of 


Numbers 
Highway 
Under Crossings 
by Derailer 
by Derailer 
with Signals 
on Steam R.R. 
What Proportion 


Unprotected 
Electric Railway 
without Signals 
Steam 


Highway 
Over Crossings 


Total Number of 
You Pay 


Protected 
Alarm Bells 
What Device 
Protected by 
Total Number of 
Electric Railway 
Installation 
Maintenance of 
Electric Railway 


Total Ni 


Grade Crossings 
Grade Crossings 


T.C. Form R.R, 1 


ENGINE HOUSES AND 
TURN TABLES 


MICHIGAN RAILROAD APPRAISAL 


Railroad 


ENGINE HOUSES 


Kind of i i lang Foundation} CURBING 
Structure i i Feet TABLE 
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FIELD INSPECTION REPORT 


MICHIGAN RAIL..OAD APPRAISAL 
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Form 7 


MICHIGAN RAILROAD APPRAISAL 


Railroad 


Field Inspector 


Include all wooden, steel or combination trusses, all girders and I beams spans - if solid floor and ballast please so state. 


a 


T.C. Form 17 


DRAW BRIDGES 


MICHIGAN RAILROAD APPRAISAL 


THE VALUATION PUBLIC SERVICE PROPERTY 


In this table furnish data ae to draw span and pivot piers only - other spans in other bridge record. 


SUPERSTRUCTURE 
What kind 
used for 
Aa Below Water LOADING swinging 


MICHIGAN RAILROAD APPRAISAL T.C. Form 
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CULVERTS 


= 
i all 30 inch | 36 inch | 48 inch | 60 inch | Iron Pipe over 
Iron Pipe = Pipe | Iron Pipe| 60 inch 


ipe 


[Papers. 
Culverts 
ulverts 
t of Pipe | 
Pipe Culverts 
under 2¢ inch 
Pipe Culverts 
24 inch and over 
No. Pit 
Cattle Guards 


Total 
Total No. Surface 


Total Number 
Wooden Open 
Approx. No. 
No. of Lines 
Approx. No. 
Feet of Pipe 
o. of Lines 
Approx. No. 
Feet of Pipe 
Total No. Sewer 
Total No. Sewer 


Feet of I 


No. of Lines 


Stone Box Culverts 
Wooden Box 
Cc 

No. of Lines 
Approx. No. 
Feet of Pipe 
No. of Lines 
Approx. No. 
Fee 

No. of Lines 
Approx. No. 
Feet of Pipe 
No. of Lines 
Approx. No. 
Feet of Pipe 


T.C. Form R.R, 11 


ARCHES 


MICHIGAN RAILROAD APPRAISAL 
Railroad 


eet 
nry 


Height 
Feet 


Length KIND ARCH| KIND MATERIAL 


ubic Fee 


Approx. No. 
Maso: 


Arch iu feet 


Length of 
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FOR BINDING 


THIS SPACE 


T.C. Ferm R.R. 29 


CAR FERRY TERMINALS 


QUANTITIES 
Excava- 


| 
Struc. Steel] Iron and Bolts and | Piles Lumber tion Fill, Estimated | 
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MICHIGAN RAILROAD APPRAISAL 
COAL CHUTES 
Date. 


Length} Kind 
LOCATION Foundations 
Trestle | Trestle 


T.C. Form R.R. 19 


Office Inspector 


Field Inspector 
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Hoisting Conveying 
Machine in use, 
State What Kind 


Capacity 
Pockets 


Name of Builder 


MICHIGAN RAILROAD APPRAISAL 


Office Inspector 


WATER STATIONS 


Field Inspector 


Date State whether Power is Steam, Gasoline, Wind,Gravity, or Hydraulic Ram 
BOILER PUMP HOUSE TANK 
and Size of 


T.C. Form R.R. 28 


Field inspector 


GENERAL DESCRIPTION QUANTITIES VALUES REMARKS 


Source 
Water Supply 


MICHIGAN RAILROAD APPRAISAL 


Railroad 
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Da 
T. 
Built No. Cap.| Hgt. Water | Het. Water L’gth of 
Pkts,| Tons} to C.L.Hge.| to Deck Chutes 
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Fie. 7. 


T.C. Form R.R. 15 
MICHIGAN RAILROAD APPRAISAL 


Railroad STOCK YARDS 


LOCATION 


T.C. Form R.R. 14 
MICHIGAN RAILROAD APPRAISAL 


Railroad TRACK AND STOCK SCALES 


Date 


LOCATION NAME SCALES 


Office Inspector 


Field Inspector 


Office Inspector 


Field Inspector 
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FieldInspector 


Date 


Include this report all shops, warehouses, car houses, watchmen’s shanties, flagmen 
asked for in other reports. 


’s buildings, elevators, general office buildings and all other structures not specifically 


Kind Bldg., 
Brick, Stone 


Date 
Completion 


LOCATION DESCRIPTION BUILDING 


.-T.C. Form R.R. 12 
MICHIGAN RAILROAD APPRAISAL . 


STATION BUILDINGS 


Field Inapector 
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Kind Bldg., 


Date 


LOCATION STATIONS DESCRIPTION BUILDING Brick, Stone 
Completion 
Frame 
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MICHIGAN RAILROAD APPRAISAL T.C. Form R,R. 22 
Office Inspector 


Railroad REAL ESTATE 
NOT USED FOR RAILROAD PURPOSES re 
Date Field Inspector 


LOCATION TOTAL TAXES 
Assessed 


ASSESSMENT DESCRIPTION AMOUNT 
Value AMOUNT 


THIS SPACE FOR BINDING 


MICHIGAN RAILROAD APPRAISAL T.C. Form R,R. 23 


MISCELLANEOUS EQUIPMENT 
Field Inspector 


Office Inspector 
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MICHIGAN RAILROAD APPRAISAL 


THIS SPACE FOR BINDING 
T.C. Form R.R. 24 


Office Inspector 


SHOP MACHINERY AND TOOLS 


Date 


Field Inspector 


Description 


MICHIGAN RAILROAD APPRAISAL 


STEAM SHOVELS, DREDGES, PILE DRIVERS 


Remarks 


T.C. Form R.R, 25 
Office Inspector 


Field Inspector 


MAKE 


MICHIGAN RAILROAD APPRAISAL 


Railroad 


Date 


Cost | Present 
Wnen | Value 
New New 


Size of 
Dipper 
Cu. Yds. 


Shop 


Number REMARKS 


T.C. Form R.R, 26 
Office Inspector 


DOCKS AND WHARVES 


Field luspector 


GENERAL DESCRIPTION 


Date 
M 
ITEMS oe by | Location Built Type 


QUANTITIES VALUES REMARKS 
Piles Lin, | Luinber Excavation 


Rods, Bolts Estimated 


Pounds 


Dimensions 


Fia. 9. 
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No. of Engine 
Builder and Class 
|| Size of Cylinder 


Pass., Frt. or Switch 
P.F. or 8. 


nme Kind of Headlight 


MON 


| 


JO 3900 apnyouy PINYs wou 


paydnog 


Steam Press. 
Built For 


Total 
Square Ft. 


G.B. Sq. Ft. 


i Steam Heater 


poseqoind gem souls peppy 


‘go140899008 [Te JO 3900 snd pas ouy 


Sander 


Size of Pump 


Kind of Brake 


Train Signal 


Water Gallons 


Coal, Tons 


Weight, 
Empty, 


REMARKS 


sojoedeuy PINT 
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Class Coach, 1,2, 3, 
Mail, Express, Comb, 


DIMENSION 
INSIDE 


S133HM 


Frame, 
Wood, Steet 
or Comb, 


Head Lining, 
Wood, Metal 
or Canvas 


Vestibule, Wide 
or Narrow 


Heat, Direct Steam 


BUILDERS 


Date Built 


Number now in 
Service 


Cost when new | 


WSivuddy GVOUTIVY NVODIHOIN 


Ag 


4O SNOISNSWIG 


Buperstructure, 
wood, steel or 
composite. 
Under frame, wood, 
steel or composite 


Size of journal 


syonay, | Spog 


Brakes, 
and, or air and hand 


Coupler, 
Kind 


70 Lue dorp Jo aeddoy ore 


ALON 


Syjoods — 


AvSivuddy GYONTIVY NVSIHOIW 


. 
1n 
Size See a 
| | Equalizer 28 it 
Steel or Iron 
and Kind 
Lavatory 
Plate 
Blinds a8 
oration 
| 
| | Cost of each car | F 
| 1 complete when new 
7 
Water Scoop | ; | q 
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That few changes were made 1904 was have been expected; 
that these forms were almost their entirety made basis for the 
similar work the Wisconsin appraiser, some three years later, was 
the nature high compliment and goes far toward answering 
the criticisms this part the work, generally the effect that the 
forms call for much more information than could possibly used, 
and that they show lack care arrangement. 

may said here, properly, that the uncertainty the final 
attitude the companies made essential that the appraiser prepare, 
need be, make his inventory personal inspection the field. 
Indeed, this was done the case several roads, and, while most 
the companies finally accorded every courtesy, either giving the 
appraiser access their records, furnishing the information desired, 
not probable that the shortness the time limit would have 
enabled the appraiser secure any sort result had modified plan 
been adopted. 

The law provided requirement that the companies should fur- 
nish any information. order secure the data, would have been 
necessary employ large number men, and this would have been 
such serious expense the companies that refusal comply 
would probably have followed such request. Many the companies 
had men their service able prepare the required data; and, 
finally, eight ten men after having worked the files companies 
owning reasonably full records, were much better able take off 
the desired data intelligently from the records other companies than 
men unfamiliar with the needs the appraiser and with prior 
experience. Then, too, the work secured was that one body 
technical men, all different phases railway work, and 
thus was uniform and consistent. Had seventy-five eighty different 
men sets men prepared these inventories, there would certainly 
have been great variation their worth and reliability. 

must clearly mind that lack time was the main 
feature which kept the appraiser from considering any such plan co- 
operation with the railroads was adopted later Wisconsin and 
Minnesota, and that distrust the railroads, lack desire 
co-operate, had anything with the appraiser’s decision use 
the method which was adopted. 


Shortly after the preparation the blanks, access was granted 
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the records the Ann Arbor Railroad, and almost immediately there- 
after several other companies opened their files the appraiser; the 
State Board Auditors determined pay the bills, approved 
the appraiser; and the initial difficulties were far removed that 
was possible carry out, without any further delays, the plan 
organization which had been perfected. 

The personnel the staff was considered the greatest 
importance, and, the selection men, the requirements desired 
were: experience the construction and operation railroads, 
thorough technical training, high standing the Profession, shown 
membership the American Societies Civil Mechanical 
Engineers, other high standing, and high moral 
character. residence the State, local influence, had 
absolutely weight the selection any the men. number 
cases men were secured who had for some years occupied the posi- 
tion Chief Engineer important lines. very large number 
cases men who were engaged this work have since its completion 
held the position Chief Principal Assistant Engineer im- 
portant railroads, and practically all them returned railway ser- 
vice. Dozens these men are well known, and their work deserves 
that full should given each, but impossible 
within the limits this paper. 

The minor positions, such assistants the field and the 
computing and compiling rooms, were assigned younger men, 
generally with some railroad experience, and many cases they were 
graduates technical schools, Cornell, Yale, Rensselaer, Michigan, 
Ohio State, and other schools having representatives. 

The writer believes that more harmonious loyal organization 
was ever gathered together before, has been since. Men who had 
held Chief Engineerships trudged miles the wilds Michigan 
foot, inspecting and inventorying property, and came into the 
office and worked long hours the computing tables with the utmost 
cheerfulness and camaraderie. There was complete harmony, absolute 
loyalty, and perfect spirit unselfish devotion the work 
the writer has ever seen any organization. 

The fact that such staff engineers, wide experience rail- 
road construction and maintenance, had been assembled, made 
feasible carry out plan the appraiser which proved 
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great value. frequent intervals, during the progress the work, 
conferences were held which were attended all the heads depart- 
ments and many the older and more experienced engineers. 
Matters policy, details, general principles, and rules and methods for 
conducting the appraisal, were fully discussed, and records 
were made the discussion and conclusions. These conferences cov- 
ered practically every question that arose; they were such nature 
draw out the opinions the men fully and freely; and their 
effect was eliminate the error due individual judgment, and 
harmonize and unify the methods and results the appraisal. 

Special emphasis has been laid the organization the staff, 
the criticism has been made that this work was lacking 
was hurriedly done, and was unreliable. The work must judged 
its results, but the that did not receive proper care 
absolutely unjustified fact. The men engaged were the highest 
type experienced, technically educated, and highly qualified en- 
gineers; they entered the work unreservedly, and gave the best there 
was them. The Michigan appraisal was not one-man job; was 
the work many men, and all are entitled credit. 

That some men organization such this, gathered from 
all over the United States, should prove lacking, and should 
fail hold their place with their fellows, was have been expected. 
That the number such men should not exceed half dozen was 
remarkable. fact, almost every such case was found when the 
first notes were returned the office, and only two three 
instances was necessary send second man work which had 
been once covered.. several cases men were sent over certain sections 
which had been inspected some one else, with view getting 
idea the personal judgment the different men, but such 
cases the results were astonishingly close, and created the greatest confi- 
dence the figures depreciation which were being received. 

Looking back this work, after the lapse years, after having 
fully reviewed twice, and examined all records, after having heard 
the men engaged testify court, and knowing the record these 
men since the completion the work, the writer believes himself fully 
justified stating that, matter what opinion may held 
the accuracy, reliability, value the result, charge careless- 
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ness, neglect, undue haste, lack consideration can sustained 
against the staff. 


strengthen the work further, eliminate the element per- 
sonal error, guard against the danger dulled perceptions due 
constant application the work, and forestall, possible, every 


point objection methods, Board Review was chosen 
Appraiser Cooley whom were referred: 


(a) The methods inventory and valuation, determined 
the staff; 


(b) All points which special difference opinion 
were noted the working conferences; 
(c) Questions elements value the physical property 


which were themselves not tangible inventory; 
and finally, 


(d) The results the whole work. 


The members this board were chosen account pre-eminent 


standing the Profession, and account experience and promi- 
nence railway engineering. 


The board was composed four men, 
follows: 


Chairman, Octave Chanute, Past-President, Am. E., 
Consulting Engineer, Atchison, Topeka and Santa Railway, but 
the time not engaged active railway work. 

George Vaughn, Am. E., Engineer charge 
Track Elevation Chicago. 

Charles Greene, Am. E., Dean the School 
Engineering, University Michigan. 

Charles Hansel, Am. former Engineer, Wabash Rail- 
road, former Chief Engineer, Illinois Railway and Warehouse Com- 
mission, and that time General Manager the National Switch 
and Signal Company. 

These gentlemen were not engaged any detailed work the 
appraisal; they came the work for one week each month with minds 
entirely clear all confusion raised issues detail, and were 
thus enabled pass court upon all matters laid before them. 
Their association was inestimable value giving confidence 
the members the staff. The many years railway service 
Messrs. Chanute and Vaughn, and their unquestioned ability that 
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special field engineering, gave the stamp finality points 
decided them. The special knowledge Mr. Hansel the field 
signal engineering, and his known ability expert organiza- 
tion and administration, were the greatest value. The service 
Professor Greene was that the analyst and logician; his clear and 
judicial mind enabled him formulate the final arguments many 
cases under consideration. 

The writer wishes make perfectly clear that has not 
attempted minimize the work Professor Cooley stating the 
exact relation the many engineers the staff this work, but 
bring out and emphasize the fact that one man, two 
three men, were responsible for any single part, but that the whole 
represents the best efforts sixty seventy experienced men working 
secure fair, honest, unprejudiced, engineermg estimate along 
such lines would eliminate, far possible, all errors indi- 
vidual judgment. 

has never been claimed for the work that was perfect, that 
was entirely free from errors. has been and claimed for that 
probably represents close and conservative estimate cost 
reproduction and depreciation would possible for any set 
men make under the conditions then existing. 

Professor Cooley was constant touch with the work, knew its 
every detail, passed upon and approved every rulé and order, presided 
every conference, and nothing more than his activity, optimism, and 
constant watchful and tireless energy kept the work 
day and night and brought about the prompt completion the details. 
His recognized high standing, his remarkable ability executive 
and organizer, and his powers diplomacy, more than anything else, 
brought about the final the railroad managers and kept 
the confidence the State authorities; his personality pervades the 
entire work. After giving all due credit the staff, and they were 
entitled much credit, the real honor must Professor Cooley. 
was his conception, his plan, and the brunt the battle was his. 


Office and Field Methods. 


The preliminaries the organization having been completed, and 
the forms prepared, portion the working was brought 
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the ground, and the work was actively commenced. was subdivided 
into four parts: 


(1) Office inspection, inventory; 
(2) Field inspection; 

(3) Computation; 

(4) Compilation for the permanent record. 


The men chosen field inspectors were old and experienced rail- 
road engineers. far possible, they were assigned for short 
period office inspection, then they were sent into the field, after 
which they worked the computation values; that each man 
was engaged many different phases the work, and handled the 
notes many his fellows, and one man made one complete 
appraisal, except specially noted. 

Making the Inventories.—Office inspection, the preparation 
inventories, was assigned parties usually one two experienced 
men with from two four younger engineers assistants the 
computing-room. These men went the general offices the rail- 
road companies and made complete examination maps, profiles, 
bridge and building records, records motive power, rolling stock, ete. 
short, they prepared, far was possible so, complete 
inventory every building, structure, piece property owned 
the road; they took off complete abstracts real estate and right- 
of-way records; they noted principal yards and terminals, and secured 
maps such were most complex, furnished lists such maps 
and records were most essential for the field men, and they made 
complete report possible the corporate history the road 
and the general condition its engineering records. effort what- 
ever was made examine audit the financial books any com- 
pany, secure from such books any data cost property; 
the work was entirely limited the listing physical property. 

Most the railroad companies co-operated, and gave access 
their records; one two filled the forms; number had practically 
records, and only one two companies withheld information. 
Requests for blue prints large yards and terminals, and plans 
standard structures were generally granted cheerfully, and, although 
there was such spirit co-operation was shown later the 
Wisconsin roads, much labor was saved the data furnished. 
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The result the office inspection was the filing inventories, 
which were generally quite complete, the securing maps and plans, 
the gathering data prevailing prices labor and material, 
and the securing some very valuable cost data special struc- 
tures and classes structures. All inventories were made for 
roads, for divisions roads, with each class property listed 
separately, for example, station buildings, interlocking plants, bridges, 
that, necessary, any special class inspection might 
assigned one man, while others could assigned the remainder 
the work that particular road division. 

Office Inspection Check Field Work.—The office inspection 
furnished many valuable data for checking the judgment the field 
men. For example, the number yards excavation and 
embankment probably the greater part the mileage had 
secured the field inspectors, either because the records had not 
been kept the changes line and grade had been extensive 
destroy their reliability. Every field inspector, therefore, made 
his own estimate the yardage pay earth. The office inspection 
reports, however, gave reliable data (from profiles original contract 
estimate files) the actual yardage possibly 2000 3000 miles 
line, widely scattered constituted check the work 
majority the field men. 

This work office inspection disclosed the following points, which 
will practically common all large valuation jobs: 


(a) There was uniformity method the keeping records 
permanent way and structures; 

(b) There was vast amount carelessness keeping records 
date, even the larger roads; 

(c) The smaller roads, not only had little nothing the way 
records, but had many cases department with 
employees qualified make keep such records; 

(d) The purchase new equipment, the construction new 
buildings and bridges, and the destruction, sale, removal 
old property, create condition continuous change 
which seldom recorded either operating accounting 
officials, and makes book inventories derived from the roads 
very doubtful value for use appraisal. 
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Field decision had been reached, after careful dis- 
cussion, not permit the field inspectors place money value 
any structure, but examine it, make full description all 
particulars, and assign percentage which should represent the 
present value, the depreciation from similar new structure rated 
100 per cent. 

The field inspectors were furnished with the records the office 
inspection covering the district assigned. They were given notebooks, 
tape lines, and various blanks for reporting progress and recording 
original estimates the field. Provision was made for inspection 

the field men, either the use gasoline inspection 
velocipede cars, although, with one two the roads, 
satisfactory arrangement could made, and the men were compelled 
foot. careful inspection every structure was made. 
any correction the office inspection record was necessary, was 
made; the structure was new, was measured and 
and everything noted which would service esti- 
mating its value. Side-tracks were measured, and the weight and type 
rail All culverts and bridges were examined, and 
their condition noted. Estimates were made excavation and embank- 
ment, clearing and grubbing, ete. (based the standing timber 
the time the examination), and careful estimates were made classi- 
fications material. The records the field inspector generally con- 
tained only the and the percentage, but, 
when apparently valuable information any particular 
structure was available was noted, was special information 
local matters affecting the value any part the work. 

was the plan out with but few exceptions) complete 
the record with the field inspeetor that from his notes full and 


accurate inventory might made. There were few 


exceptions the general method field inspection work outlined, 
which were: 

Special Work the Chicago and Northwestern Railway.—The 
Chicago and Northwestern Railway had records any sort, all 
papers having been destroyed fire. This company 
organized and placed the field four complete engineering parties, 
each under one their own engineers, and with each party was sent 
one field inspector. The line was carefully surveyed 
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tioned, and complete records every building and structure were 
made, side-tracks were measured, and data taken for rail and ballast 
charts, ete. All work was done the presence the field inspector, 
and was given copies all notes. placed his own percentage 
depreciation everything. The estimates, made independently 
the and Northwestern engineers and the appraisal staff, 
using the latter case the same unit prices applied elsewhere 
the Upper Peninsula, varied less than per cent. 

Special special structures, such ore docks 
and ore and coal handling machinery, were such 
require expert appraisal. These were examined the field, appraised, 
and valued Hutchinson, Am. E., whose special 
training and experience such work had qualified him perhaps better 
than any other man. Interlocking and signaling plants were specially 
appraised the late Elliot Moore, who for years had been 
Engineer the Michigan Railroad Commission, and whose intimate 
personal knowledge almost every plant the State specially quali- 
fied him for this work. 

Some the bridges were such character require expert 
knowledge, and this inspection was assigned William Dunbar 
Jenkins, Am. Soc. E., man ripe experience and sound 
judgment. The larger and more elaborate station buildings were 
examined and appraised, and values finally placed Mr. 
Susemihl, Chief Architect the Michigan Central System, whose 
special work railway buildings made him thoroughly familiar with 
these values. 

Work equipment and special equipment were appraised Mr. 
Lewis, who had been connected with the Marion Steam Shovel 
Company for many years. 

Except for these special assignments, all the field inspection was 
handled accordance with the appraiser’s plan. 

stated previously, only two three cases was necessary 
re-inspect, and, while several sections were intentionally gone over 
second time, without letting the field inspector know who had done 
the work previously, what his percentages had been, the result 
all these checks was justify the figures the earlier inspection 
and strengthen confidence the work. 
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The field inspection the Mechanical Department involved exam- 
ining and placing percentage value each locomotive, passenger 
and piece special equipment, and all shop machinery. Inas- 
much several points special interest are involved this inspec- 
tion, will discussed more length the section the paper 
relating the methods work the Machanical Department. 

the completion the field inspection, 
notes were placed the hands the computing force. This organiza- 
tion consisted two classes men, engineers brought from field 
inspection, and younger engineers. All computations were made inde- 
pendently two men, and all work was checked carefully. 

Every man the computing room was furnished large bound 
blankbook, which was required make all his notes and com- 
putations, figures any sort being made loose paper. The 
name each man was placed his notebook, and each set field 
and office inspection notes worked upon him was signed with his 
initials. was easy trace the work every man, and the 
subsequent trial the Tax Cases, every man the service returned, 
and, not only testified his office and field inspection, but was able 
turn and identify all the computations made him and pro- 
duce his original figures and memoranda. 

Very soon became evident that such volume reports, note- 
books, memoranda, maps, plans, pamphlets, and other data was being 
accumulated that, unless special system was developed for filing and 
handling the office, the confusion would serious and costly. 

Filing system filing and record keeping had the 
merit being simple and inexpensive. There was borne mind, 
devising this plan, the necessity keeping all papers connected 
with one division any road together, the need for reducing 
minimum the labor filing and indexing, the constant use papers, 
and their frequent withdrawal from the files, making necessary 
that they could once located when they were not the files. 

The vault the appraisers’ office was arranged that large 
manilla envelopes, each sufficient size hold all the reports, notes, 
maps, ete., each road division, could filed vertically. Each 
road was given number; there were several divisions, each division 


was given letter, “15-A,” “15-B,” ete., and each division was filed 
separately. 


7 
4 


Papers. THE VALUATION PUBLIC SERVICE PROPERTY 1411 


Every report, book, map, other paper was stamped with its road 
division number and letter, and given sheet number. this 
manner every paper was identified, and could once placed. 
record was kept book, describing every paper filed each 
envelope. 

issuing papers for work, the entire file was taken and kept 
together all times. 

One man had charge the filing and recording, and one else 
was permitted enter the vault. When file was withdrawn, re- 
ceipt was taken, and was put the place this file; and when the 
papers were restored the vault the receipt was destroyed. 

The system proved adequate, and was much less cumbersome than 
more elaborate system card indexing separate papers could 
possibly have been. 

The net result office and field inspection had been inventory 
based the railroad records, checked man the field, with 
percentage representing the field inspector’s judgment deprecia- 
tion, together with considerable number special data original 
cost, ete. was now necessary place figures estimated cost 
reproduction and depreciation terms money. 

The State Michigan made two peninsulas, widely sep- 
arated, with radically different conditions prevailing certain 
items the cost construction. 

Computation appraisal involved seventy-eight incor- 
porated and forty-seven unincorporated railroads. was necessary 
adopt such system would apply uniform methods and prices 
all like property. Accordingly, the field inspectors were assembled, 
and, after conference, was determined prepare set tables, 
covering all classes railway construction, material, and structures, 
values being computed for 100% value, and for each 10% deprecia- 
tion. These tables covered different weights, sizes, and types struc- 
tures and material, and were all computed the basis the agreed 
estimated cost. 

Unit Prices—The unit prices were the result most careful 
study and discussion. For many items, such clearing, grubbing, 
earthwork, masonry, the price was fixed agreement during the 
figure which represented the fair average cost this 
particular item during the 5-year period preceding the appraisal. 
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For rails and rail structures, average price was secured from 
market quotations for period years, price was determined 
the value scrap, and the percentage depreciation was applied the 
wearing value the rail. The unit price was $28; the agreed scrap 
value was $12, leaving $16 the wearing value the rail. 
inspector reported rail 90%, 30%, this percentage was taken 
from the $16 wearing value and this was added the value. 
The tables were arranged that, for any weight rail and any per- 
centage, the cost reproduction and the present value could taken 
from the tables dollars per mile. The same was true bolts, 
spikes, angle-bars, fish-plates, and frogs and switches. 

the material such ties, where scrap value could 
attached, the percentage was applied directly the first cost. 

the bridges, the tables gave weights per foot and per 
span for various lengths, types structures, and loadings, and only 
the cost reproduction was estimated. 

Estimated costs per foot were deduced for buildings various 
standard railroad types and per square foot for depot platforms. 
These figures were obtained reducing this basis the cost 
large number buildings known cost, comparison with data 
obtained from railroad companies and from number engineers 
who had kept such records, and consultation with architects. These 
building tables did not apply the more elaborate and costly struc- 
tures, all which were appraised specially. 

Ballasting, track laying, and surfacing were divided into three 
and four classes, order cover the different general types rail- 
roads, and prices per mile were fixed. Upper Peninsula roads 
ballasting was estimated higher price than Lower Peninsula 
roads, while ties and timber construction were estimated lower 
figure. 

addition these prices, secured averaging several years’ 
quotations, agreement experienced construction engineers, 
many valuable figures were obtained from manufacturers loco- 
motives, cars, mechanical equipment, and bridges; and several 
cases access was given the cost data the larger roads. 
Specifications for locomotives, cars, and shop tools were sent out 


builders with request that they give average prices for period 
years. 
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From all this mass data the unit prices for the valuation were 
determined. For locomotives, values were plotted for engines 
different weights, order establish curve, and curves representing 
deterioration, value, and major repairs were also plotted, 
ascertain diagrammatically the value engine given weight 
and stated condition. 

The tables and diagrams proved benefit reducing 
the work, and securing that absolute uniformity method neces- 
sary give the appraisal standing. 

may not amiss state here that such work set 
unit prices could possibly adopted which would not work some 
apparent injustice. number Michigan lumber roads were 
the cheapest possible type construction, and any unit price applied 
ties timber, which would all reasonable for such roads 
the Michigan Central, Grand Rapids and Indiana, Pere Marquette, 
and others, would far excess the actual money paid out 
these little roads. few individual such apparent dis- 
were cause complaint and criticism, but, analysis, very 
generally, these did not appear anything but disagreement with 
book values, which ties cut off the right way were treated 
having cost; some similar item certain local conditions may 
have made the first cost low amount donation property. 
Conceding the propriety the objections, the reason for making 
the appraisal was furnish information which the legislature 
might determine whether the State should from specific 
valorem basis, and view this purpose the objections became 
unimportant, they applied but few miles road. 

work computation was classified strict 
accordance with the Interstate Commerce Commission’s classification 
construction accounts, which were added one two 
tions not recognized that Commission, and final summaries were 
returned sheets similar those illustrated Figs. 10. 

computing, the staff made use all data every nature which 
was before them, checked the judgment the field inspector wherever 
any reliable data were furnished, took into account age, special notes, 
costs, and, case any serious his percentage, 
reported the head the department for either re-inspection 
for conference with the appraiser and inspector. this depart- 
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ment every possible safeguard was thrown around the work insure 
its absolute mathematical correctness, and guard against errors 
the personal equation. 

Compilation—After the calculations were checked and completed 
they passed the compilers, who arranged and classified them, and 
prepared the form the final report. This consisted detailed 
list every piece property and every structure, with short de- 
and specification, and statement estimated cost repro- 
duction and present value. The division made roads, di- 
visions roads, and counties. This was done after the completion 
all other work, and the disbanding the organization, small 
force being retained the State compile and put permanent 
form all the papers the appraisal. This work was done under the 
direction Messrs. James Walker and Suer consultation 
with Professor Cooley. 

The final compilations were typewritten large sheets and bound, 
and constitute the final record the physical valuation. After the 
completion the 1900 appraisal, all papers connected with the work 
the computing office were arranged proper order and bound. 


Special Problems the Mechanical Department. 


The Civil Engineering section dealt wholly with fixed property 
located entirely within the State; and the work offered special 
difficulties the way assignment values. true that, when 
the question terminal values was under discussion, the Wisconsin 
and Michigan Railroad offered very pretty example, that the 
revenue-producing half its mileage lay Michigan, while its shops, 
yards, docks, and car ferries, comprising the great bulk its physical 
property, were Wisconsin. This instance merely emphasized the 
fact that State valuation interstate property can settle finally 
and definitely all the questions that arise. 

Assignment Value Mechanical Department was 
compelled handle the valuation moving property, and assign 
values between the States such basis would fair all 
parties. The Courts have been inclined view the distribution 
values between territorial units the track-mileage basis being 
fair one. The study the problem Michigan indicates that 
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while this method, perhaps, just most cases, will not hold 
all. Assignment was made upon several bases, follows: 

(a) Main-line mileage; 

(b) Total track-mileage; 

(c) Car- and locomotive-mileage equipment operating Mich- 

igan; 

(d) Car- and locomotive-mileage, entire equipment; 

(e) Freight-car mileage the entire system. 

The results secured these different methods show, many cases, 
very little difference; all are close, and injustice worked any 
method, while, other cases, the figures are widely divergent. 

The Lake Shore and Michigan Southern Railway owns high- 
class main line between Chicago and Buffalo, and for part the way 
there are two lines several miles apart; the entire line double- 
tracked, and there much third track. None this line located 
Michigan, except some miles single-track main line the 
Michigan Division between Toledo and Elkhart. The company, how- 
ever, has several hundred miles branch line Michigan, which 
comprises most the branch-line mileage its system. These lines, 
generally, are far inferior its main line. 

Any apportionment its equipment between States the basis 
either line mileage, total track-mileage, locomotive- and equip- 
ment-mileage total equipment will result the assignment 
Michigan value far excess proper fair amount. 
apportionment locomotive and passenger-car equipment the 
basis equipment mileage equipment operating the State, and 
for freight cars the basis car-mileage total equipment, was 
found most fair. 

making the assignment values, this study was made for all 
interstate roads, and such basis used was apparently most fair 
each case, the department making special effort not assign 
Michigan undue values those which could not sustained. 

Freight Car the most perplexing problems 
which was faced the Mechanical Department was the proper and 
satisfactory inspection and valuation freight equipment. The 
freight cars owned the companies were scattered over the United 
States and Canada, and the inspection any considerable percentage 
those owned any company was, course, impossibility. 
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The fact that these cars had been purchased series, that there 
were considerable numbers group, all the same age, and built 
according the same specifications, made possible valuation 
groups. The acceptance, however, any arbitrary percentage 
depreciation years, the acceptance the rules depreciation 
the Master Car Builders Association, without making independent 
investigation with view establishing the correctness the rule, 
appeared unwise. 

The several companies submitted carefully prepared statements 
equipment. These statements were compared with the equipment 
register and the reports the Commissioner Railroads. The prices 
used were those the rules interchange the Master Car Builders 
Association wherever applicable. 

were furnished the leading manufacturers, and many 
cases were secured from the books the railroad company. 

order determine the condition the equipment, the inspec- 
tors the department personally examined 32000 freight cars 
Michigan and adjoining States. Their reports were separated, classi- 
fied, and analyzed groups, with the result that the inspection fully 
confirmed and justified the use the rule for depreciation the 
Master Car Builders Association, which was therefore applied. 
the 1902 appraisal this rule was accepted without any inspection 
further study the problem. 

The criticism this part the work the appraiser the 
State Washington wholly unjustified, the work was necessary 
order qualify Court and defend the rule adopted, and the actual 
cost the work was small. 

Locomotives.—The inventory locomotive equipment was secured 
from the companies, and checked against reports and the equipment 
register. Personal inspection was made every locomotive the 
State, then complete was prepared, and the percentage 
depreciation assigned. Curves depreciation had been computed and 
plotted, and the figures the inspectors were compared carefully with 
the curve order eliminate possible errors. 

Sadler’s appraisal vessels involved 
sonal examination every vessel. This survey included: 


(a) The hull the vessel and general equipment; 
(b) The machinery and boilers. 
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independent estimate the cost reproduction and deprecia- 
tion was made, and, wherever possible, this was checked comparison 
with the detailed original cost. case material difference, various 
shipbuilders were. consulted, and independent estimates cost were 
secured. every case these latter estimates were confirmatory the 


estimated cost reproduction, which figures were used throughout 
the appraisal. 
Overhead Charges. 


There are certain expenses connected inseparably with the con- 
struction any public work, which, the completion that work, 
are not capable physical identification, but which, nevertheless, be- 
long and must part the the physical property. These 
expenses are legitimate; and, long the property operated, 
very large part, not all, the entire expense remains the present 
value the property “going concern.” 

Appraiser Cooley and his staff took the these items 
and disposed those which were carried into the valuation the 
placing percentage. These items are: 


Engineering.—This covered all the cost preliminary and loca- 
tion surveys, design, and supervision construction the 
work, and all expenses connected therewith. This was cov- 
ered charge the cost reproducing the per- 
manent way and structure, but not the equipment. 

Legal item inseparable from the construction 
work, and was fixed one-half the cost the same 
items affected the engineering charge. 

Organization. covered the cost promotion, 
financing, and general supervision construction, together 
with general office expense. These items were covered 
application 14% the cost the above items. 

Interest.—This item intended cover interest money during 
the period construction. The length time taken 
build would, course, variable. was assumed that 
the entire cost construction and equipment would 
conservative, and this figure was used. 

Discount Bonds.—This was not included, for the reason that 
was considered, not proper capital charge, but rather 
adjustment the interest rate the existing market 
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condition, and chargeable interest account and not 
capital. 


The discussion among members the staff indicated such wide 
range opinion the proper percentages apply, that the final 
determination the rates was passed upon the Board Review. 
There can question the propriety these items proper 
elements the first cost construction new railroad. the 
theory that the cost reproduction the physical property should 
include every item expense which would enter into the cost 
reproducing the property existed the date the appraisal, 
they are proper terms include the appraisal. whether the 
fixed rates were high enough every case, open question. 

The Charge Ten Per Cent. for single 
feature the Michigan appraisal physical property has been 
generally criticised the charge 10% the entire estimated cost, 
all the percentage charges, cover “contingencies.” 

the time the first appraisal was made, the writer was not 
all satisfied that such item, such amount, should included. 
The reasons advanced were strong that was done, and the writer’s 


subsequent work has fully convinced him that was proper and justi- 
fiable, because: 


(a) The conditions under which this particular inventory and 
appraisal were made, time and lack co-operation 
the companies, made practically certain that some items 
value were missed the appraisal, such station and 
miscellaneous equipment, frogs, switches, track structures, 
buildings owned the companies and occupied others, 

(b) That there were many and large elements physical cost not 
ascertainable physical inspection, such deep founda- 
tions, many thousands yards earth swamps and sink 
holes very general condition roads the Southern 
Peninsula), concealed classification due growth grass 
washing banks, and many other cases work actually 
done, invisible after lapse years. The writer knows 
many such property which was his charge 
many years ago; several cases there were expenditures 
from $20000 $50000 which are now entirely invisible 
engineer passing over the line. 


i 


(c) 


(e) 


THE VALUATION PUBLIC SERVICE PROPERTY 1419 


The failure the part railroad companies keep any- 
thing like complete history operations, and 
the changes operating officials from year year, cause 
the loss record practically all the expense due extra 
hazard and risk which the construction engineer provides 
for his “contingencies.” 

The inclusion operating expense, every year, sums which 
are properly construction, and which, added unit prices 
construction work, would cause the cry that such unit 
prices were too high. instance, the appraisal estimate 
earth was cents per cu. yd., with allowance for over- 
haul. Very much the grade the State had actual costs 
far excess this figure, and practically every road spends 
large sum annually for the first four five years, which 
charged operation but reality part the cost 
completing the roadbed. 

account was taken appreciation any the elements 
entering into road. There doubt that roadbed, for 
example, does appreciate, due ballasting and track work. 
These items far toward accounting for the contingencies 
item old road such the Michigan Central. 


(f) There considerable amount cost, which cannot taken 


out capital, where facilities are abandoned line grade 
changed. These changes are common all growing roads; 
they are due the demands for greater traffic; they are nec- 
essary the welfare the community served; they are often 
made points where charge defective design will apply. 
They might termed expenses due the development 
the State, and, the development the railroad business, 
they were absolutely necessary for its present standard 
efficiency. They are incapable exact and definite determin- 


ation, and must necessity included contingent ex- 
penses. 


the case new road, where the exact cost ascertainable, the 
records have been fully kept, the original plans are file, and the 
history fresh the minds the officials, will readily admitted 
that charge for contingencies large amount would not justi- 
fiable; but, the case the Michigan Central Railroad, line more 
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than years old, which has changed, rebuilt, and added largely its 
property; the case the Pere Marquette Railroad, made the 
union dozen lesser properties, without any complete history; 
the case dozens little lines, without maps, profiles, records, 
some such allowance fully justified and proper. 

The experience the writer, the years that have passed since 
these appraisals, leads him the opinion that the difficulty estimat- 
ing values old are such that many cases ap- 
praiser might add, with perfect propriety, even more than 10% for the 
contingency item. 

computing overhead charges, allowance was made for work- 
ing and addition the physical valuation was made 
cover any such element “going concern” value. 


Right-of-Way Values. 


Land values were the subject great deal discussion during 
the appraisal 1900, but subsequent investigations actual rail- 
road resulted quite radical changes some the figures 
the later valuations. view the fact that many criticisms 
these values have been made railway attorneys, special emphasis 
here given the subject. The conclusions reached Michigan 
1902 ‘agree closely with the conclusions Taylor Wisconsin 
and Morgan Minnesota that thought advisable give rather 
full the methods used both appraisals, and the line 
reasoning which brought about made 1902. 

The 1900 appraisals methods were follows: Work Detroit, 
Grand Rapids, Saginaw, Bay City, and some other large cities was 
assigned special appraisers, who visited the cities, examined criti- 
all the property, conferred with leading real estate men and ex- 
perts values, and placed estimate per acre per square foot. This 
part the work was done with great care, and was substantially un- 
changed the later appraisals. 

all other land valuations, cities and villages, and country right 
way, personal examination was out the question without mak- 
ing very large and expensive addition the staff, the field en- 
gineers generally were not familiar with realty values, and could not 
take the time make the large number inquiries. The appraiser 
did not see his way clear organize special department, therefore 
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the matter was turned over sub-department the Civil Engineer- 
ing Section, the work which may briefly outlined, follows: 
Lands were classified as: 


(1) Farm land, 

(2) Barren land, 

(3) Villages having population less than 500 
(4) Villages from 500 3000, 

(5) Cities having less than 10000, 

(6) Cities having more than 10000. 


The percentage waste land was fixed result interviews with 
roadmasters, superintendents, and other officials and employees the 
roads, reports from field inspectors and others. 

Letters inquiry were sent real estate men and bankers 
every county the State (some 500 being communicated with), 
land values the town county each. The responses, which 
were numerous and indicated considerable care preparation, were 
classified, and these data, supplemented much personal inspec- 
tion was possible for few men give limited time, the 
values the various classes land were determined system 
averages. The naked land values were then taken, and them were 
added, follows: 

South line east and west through Saginaw, 125% plus fixed 
charge varying from $8.50 per acre downward was added the so- 
naked land values for farm land. waste land values were 
considered this district. North this east and west line: Farm 
land, 100% and fixed charge per acre and upward; waste land, 
200% plus fixed charge per acre; for all village lands, 125% 
plus $8.50, fixed charge; for all city lands, 100% plus $8.50, fixed 
charge. 

The fixed charges were intended cover the expense acquiring 
abstracts, recording deeds, ete. Slightly different figures were made 
for the Upper Peninsula. 

The result this work was set very low figures many coun- 
ties, the average price per acre hardly reaching the going price im- 
proved farm lands. There was little time review these figures 
after they were shape that they were used 1900, although the 
appraiser was convinced that they were generally too low. 
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the appraisal 1902 very careful study real estate values 
was made. The offices Registers Deeds ten twelve counties 
were visited, careful abstract all railway transfers for period 
years was taken off, the acreage determined, the average price per 
acre for different classes land computed, and then very careful 
study transfers adjacent improved and unimproved lands was 
made. result, material increases were made the farm land 
values, waste land values were eliminated, the 1900 valuation, made 
special appraisers large cities, was practically unchanged, while 
very radical changes the way equalization values lands 
villages and small cities were made. 

Inasmuch the 1902 valuation was issue the Courts, the 
writer believes justified discussing some length the deduc- 
tion the staff the conclusion the 1902 preliminary studies, 
which led the final adoption the new figures. 

One would fall into error country values for farm purposes were 
conflicted with country values for railroad purposes. There is, un- 
doubtedly, close relationship between the two classes values; this 
the writer has endeavored discover, and indicated Tables 
The use which land put can and does change its value. 
Farm land certain township may worth $50 per acre for farm- 
ing, but the discovery oil would affect values, far oil purposes 
are concerned. The presence vein coal would give distinct 
value for mining purposes. Farm prices would not govern values for 
any special use, such oil drilling, mining, railroad operation. 

the case city business property, farm prices cannot applied, 
the use which the land put and the buildings placed 
give greatly increased power, and hence increased value. 
Thus, with railroad right way, the continuity the strip land, 
the severance lands crossed it, the greater earning power de- 
rives from the construction placed it, short, the uses which 
put, give value far excess adjoining lands. excellent 
proof this found the fact that many thousands miles right 
way have been bought promoters and either sold company, 
which built the lines, used financing the road. has 
the selling price been based farm values. 

not contended that railroad land values not bear direct 
relation land values for other purposes, those things which tend 
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increase general values usually make the construction railroad 
profitable, and the better and more fully developed the country, the 
greater the need for transportation facilities and the higher the 
prices land for all purposes. This shown the figures submitted 
herewith. 

For purposes appraisal, therefore, 1902 the average value, 
derived from the 1900 appraisal, was taken, and, comparison with 
actual purchases, attempt was made ascertain the relation exist- 
ing between the appraisal figures 1900 and the usual purchase price 
for railroad properties, determined actual transfers. making 
these figures the appraiser was forced the following conclusions: 


(1) That the naked land value not proper one use coun- 
try lands, but that the going value country lands with all 
improvements should used basis for computing the 
added due railway use; 

(2) That farm land and waste land should not 
made, except basis for arriving the relative differ- 
ences quality land different sections county; 

(3) That the added value for railroad purposes due the three 
elements: 

(a) Continuity, 

(b) Severance damages, 

(c) Changed earning power, 
all which the farmer owner has cognizance making 
his price; 

That making land values, account should taken of: 

(a) The cost acquiring the land, expense, 
(b) Cost the land itself. 


The reasons are: 

making price 40-acre farm, the owner does not make 
two prices, one land and one improvements. arrives flat 
price per acre for the entire farm, and usually asks more per acre for 
part than the whole. man who valued his land $100 per acre, 
with improvements, would hardly sell acres from corner his land, 
even for residence purposes, naked land prices. 

The 1900 appraisal was based naked land prices, estimated 
number citizens each county, and this flat rate was used 
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making figures for the so-called “Market Value Right-of-Way.” 
fair assume that railroad company can purchase large tracts 
land for gravel pits, narrow strip adjoining and widening its 
existing right way, about market prices, the elements sever- 
ance, abutting damages, are absent. for this class land 


ought be, and usually are, lower than those paid for new right 
way. 


| 
Average Average 
County. per acre, per acre, 
Michigan Central. Additional right 
Kalamazoo...... Grand Trunk Western. Additional strip 
Michigan Central. Gravel pit.............. 84,97 
Grand Trunk Western. Additional strip 
Michigan Central. Additional right 109.40 113.66 
Michigan Central. Additional right 49.35 130.68 
Ann Arbor. right way...... 116.12 


Actual purchases are averaged from recent transfers, and represent paid 
owners, but not cost of acquiring. 


1900 appraisal averages show country land after fixed charges and percentages are 
added 


The tables given herewith are summarized from very large mass information 
introduced evidence suit Michigan Central Railroad al. Powers 
Michigan Tax Cases), and are selected average examples conditions throughout the 
Southern Peninsula. 


evident from the figures Table that such naked land 
values those used 1900 were considered the farmers placing 
values their lands, the sales that table not involve 
any large element damages. All transfers are strip rod 
more width adjoining existing right way. 

true that some sections Michigan there are large 
tracts barren low-priced land. 1900 barren land prices were 
used, and were much lower than farm land; the poorer parts the 
State large percentages barren land were used. This fact brought 
the average per acre country land, applied the appraisal, very 
low many the counties, and justified the appraiser using the 
average country price the base price for revaluation. 
Generally, the 1900 appraisal averages for country lands were fair in- 
dices the actual value different parts the State. 
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the 1900 appraisal, the Michigan Central was credited with hav- 
ing, Jackson County, 309.1 acres farm land (naked value, $38, 
average rate $93.30), and 34.35 acres barren land per acre. The 
field inspectors reported that part the district between Parma and 
Albion, the vicinity Bath Mills, was waste barren land. The 
Jackson and Battle Creek Traction Company parallels and adjoins 
the Michigan Central Railroad right way from Parma Bath Mills. 
investigation records deeds showed that they bought 25.02 
acres land this district $65.79 per acre, and that the average 
price all their land the county was $239.52 per acre. 

While there was marked difference the rates different grades 
country land, one would justified putting any land south 
$10 per acre. average based the 1900 classification lands 


would probably eliminate all waste land classifications, without doing 
any injustice. 


APPRAISAL, THE JACKSON, LANSING AND SAGINAW AFTER 
ALL THE PERCENTAGES AND CHARGES WERE ADDED. 


County. Price. County. Price. 


Table illustrates quite clearly the extremely low figures applied 
many counties the 1900 appraisal, and also represents quite well 
the relative difference value the different counties. 

That the 1900 rate varies about the purchase price, shown 
the fact that the Pere Marquette Railroad built line Montcalm 
County, buying 155.3 acres average price $135.19 per acre, 
while the 1900 appraisal showed average $29 the 918 acres 
appraised. The purchase price was 4.66 times the 1900 appraisal. 

Calhoun County, the Grand Trunk Railroad bought 63.2 acres 
$491.13 per acre, while the 1900 appraisal was $61.44 all the 


country land the county, only one-eighth the actual purchase 
price. 
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III.—There can doubt that railroad right way costs much 
more than equal acreage farm lands. The writer has always 
been inclined hold the view that ordinary right way through 
good farming country would cost from two three times farm prices, 
matter how much care used the acquisition the land. 
recent years the price right way has been greatly increased. The 
Newton and Northwestern Railroad right way, Iowa, cost $267 
per acre, line miles long. This all country land, 
about mile the outskirts Boone (population 12000), and 
about mile Newton (population 500), being the only city land 
the average. The Rock Island System and the Chicago Great 
Western paid higher country prices the same territory. This line 
such Southern Michigan, and land held from 
$65 $100 per acre. 

The Toledo Urban and Interurban right way, Lucas County, 
Ohio, was bought the writer 1904 average net price 
$329.21 per acre. The average assessed valuation $55 per acre. The 
going value farm lands will range from $100 $225; probably 
fair average $135 per acre. prices paid Michigan railroads 
are fully sustained these personal experiences. 

The figures Table show that the actual average price paid for 
new right way greater than the average the 1900 appraisal, 
after the 125% and fixed charges are added, from 230 726 per 
cent. 

The argument that change line costs more than new line 
not sustained Table Jackson County, the Michigan Central 
Railroad changed its line average cost $165.67 per acre. The 
Jackson and Battle Creek, new line, parallel with and adjoining the 
Michigan Central, paid $239.53; the Jackson and Suburban, new 
electric line, paid $293.34, and the “Ypsi-Ann” paid $393.74. 
All the new lines Monroe County are higher than any changes 
line similar country. The Ann Arbor change Washtenaw County, 
located the writer, one point miles from the old right way, 
and only the two ends the 7-mile line does run farms owned 
parties crossed the old road; therefore, all intents and pur- 
poses, new line. 

The naked land values used 1900 being clearly too low, were 
use and were dropped. The so-called market price right way 
given 1900 was misleading. 
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TABLE 4.—Comparison Country Lanp 


The actual purchases are averaged from recent transfers, and 
represent consideration paid land owners, but not the cost 
acquiring. 

The 1900 appraisal averages show all country land after fixed 
charges and percentages were added, per rule 1900. 


soo 
oo 

Central Air |Michigan Central Air Line. 
Michigan Central.............. 88.47 Battle Creek. 
Average entire 
Michigan Central. Waste 5.00 and Battle Creek. 
Michigan Central. First-class 
93.30 and Battle Creek. 
First-class 
Jackson, Lansing and Saginaw. 
Average country values..... and 293 
Detroit, Ypsilanti and Ann 
393.74 
and Pere Marquette.... .20 |Flint Pere 
Monroe Toledo.......... 215.21 
Michigan Central.............. |Toledo and Monroe. Electric 
Lake Shore and Michigan 
Southern...... 93.30 |Detroit and Toledo Shore Line 
214.38 
Detroit and Line 
Kalamazoo ..|Michigan Central..... |Michigan Central. Kalamazoo 
Van Buren...|Michigan 66.54 |Michigan Central. Kalamazoo 
..|Michigan Central...... 84.97 Central. Cut off 
Michigan Central. 10.00 |Michigan Central. Waste 
60.00 
Trunk 98.10 |Grand Trunk 
Montcalm....|Pere Marquette.............. 29.00 |Pere Marquette Greenville 
Trunk Western......... 61.44 |Grand Trunk Western. Change 
line west Battle 
Calhoun.....|Michigan 74.38 and Battle Creek. 
Central...... 60.75 |Michigan Central. 
73.04 
St. Clair..... Pere |Rapid Marine 
Manistee Arbor...... Change line near 
Marquette...... 40.03 |Pere Marquette, Change line 


Having shown that there increase cost railroad over farm 
land, the question arises: legitimate? proper item 
cost, has place the present value 
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building new railroad, engineers prepare their estimates 
cost, including grading, rail and fastenings, ties, bridges, and, among 
other items, right way. Their clients provide funds the 
line, and furnish, among other items, for the right way. The 
right-of-way account wise differs from that any other item 
physical cost. The right way, with all its hold-ups, items for dam- 
ages, court costs, legal expenses, bills for personal services and ex- 
penses securing it, abstracts and recording deeds, just much 
element physical cost the rails. The cost acquiring the 
right way proper element charges for inspecting the 
rails, freight charges them, the loading and unloading, any other 
charges that enter into the cost, rails delivered the track-laying 
contractor. 

Should the cost reproduction right way the 
present-value column? Clearly, yes. road unfortunate enough 
buy its rails when they are price $60 per ton, the full price 
charged and when the line sold some large 
corporation, reduction made, even though the price rails 
much less the time, but the selling price based the 
tion account whole. 

The same true the right way. which has come 
under the writer’s notice has new company, set promoters 
disposing new line new right way, ever consented deal 
except the construction account, plus promoters’ profit The 
justified his price per acre reason the fact that 
the road must have line, regardless how affects the 
individual. must rearrange his fields, replant his orchard, change 
his fences, and tile lines, and re-adjust his entire property 
accommodate the necessity the road. must also into ac- 
place, open and close two gates every lane every 
crossing, drive his back and forth water, haul his produce 
over short heavy grade across the track, and must not interfere 
with the railroad. constant danger loss property from 


fire from accident, and personal danger every time passes 
from his own land one side the railroad his own land the 


other side. Every one who has bought right way knows these argu- 
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ments, and aware that the farmer knows them and charges extra 
account them. 

The law provides that, condemnation, the jury shall take into 
account two elements, the value the land, and damages. The rail- 
road pays them, and very promptly charges the entire cost the right- 
of-way account. one will question the propriety the farmer 
taking them into account fixing his price. The value continuity 
the railroad can hardly measured dollars and cents. 

fair illustration continuity may found coal lands. 
promoter will secure option large acreage. long his hold- 
ings are disconnected and widely separated they are more value 
than adjoining lands, but let him close options large block land 
all one body, and immediately can add from 100 200% 
the value his land for mining purposes. This added percentage 
due continuity. 

The conditions surrounding the purchase railway lands Michi- 
gan have changed materially the past few years. new country, 
without means transportation, land values are low, and, order 
open new markets, land owners can afford donate the right way. 
Undoubtedly, very large the total right way the 
older lines was either donated bought very low prices. 
community grows and develops, acquires new industries, and receives 
new improvements, property values increase; and, along with general 

appreciation other values, those railroad property must increase. 
would certainly true that the present value the site the Ma- 
Building, Detroit, not the same was 1850; the argu- 
ment that its actual cost 1850 was, say, $200, would not any justi- 
fication for such value to-day. Equally true that the value 
property owned the Michigan Central Railroad not measured 
the price paid for years ago. The greater business, and the 

larger income derived from that business, make the Detroit to-day 

much more valuable terminal for the road than the Detroit 

years ago. 


The same argument will apply any city which has grown after 
the construction railroads. The original right way was farm 
land and may have been donation, but the change from farm city 
certainly the value the railroad land just proportion 
the surrounding land 
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The same reasoning properly applicable lands which decrease 
value. Where railroad buys right way gain access valu- 
able timber lands, and, after the removal the timber, the land 
too poor support population, the present value should depreciate 
the same ratio the surrounding land, and immediately its 
abandonment right way would cease have railroad value. 

appraisal, appears fair base the cost reproduc- 
tion the cost building new line the location the road under 
appraisal, all other means transportation remaining they are 
to-day, secure nearly possible the conditions that would 
encountered new company building new line this location. 

The argument was made 1900, and reiterated frequently, that 
railroad companies secure many donations. may safely said 
that, developed country, such the south half the Lower 
Peninsula, the donations are little account. Few donations were 
some the conditions were burdensome that may said that 
the gift land was the most expensive. for 
costing from $400 $600, side-track costing from $1.50 per 
ft., and other like specifications are found; and many deeds where 
liberal consideration named conditions which add greatly the 
cost are not infrequent. 


The recent new lines Southern Michigan secured but few dona- 
tions, although all considerations and other good and valuable 
considerations were classed donations unless the contrary was sus- 
ceptible proof. the the Ann Arbor Railroad, Wash- 
tenaw County, the consideration represents higher price than the 
average, this being known the writer, bought it. The same 
true the Detroit and Toledo Shore Line, Monroe County. 
making appraisal, deductions should made for donations, 
there are any, the fact that land donated does not indicate absence 
value; nor should addition made the appraisal value 
account the fact that road has been held and compelled pay 
exorbitant prices certain localities. 

some counties the base values land villages and small 
towns were given ridiculously low prices 1900; some are low 
from $50 $100 per acre towns from 1000 population. 
When one stops consider that lot rods contains acre and 
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that such lots town considerable size range from $50 $300 
each, readily seen that from $250 per acre are not excess- 
ive figures. The figures for adjoining county were often very high, 
and village values were put substantially full value. The result 
adding percentages 1900 was magnify discrepancies, and little 
villages from 200 500 population one county were appraised 
higher rate than towns from 000 the next. 

1902 the appraiser undertook equalize all such discrepancies, 
and found that hard-and-fast rule would apply. comparison 
village values, determined actual purchase, with the 1900 ap- 

The 1900 appraisal for city lands, outside Detroit and Grand 
Rapids, was generally very conservative low. some cases the 
figures were extremely low. 


TABLE per FoR VILLAGE LAND. 


Actual purchases are averaged from recent transfers. The 1900 
appraisal averages are averages prices applied after all per- 
centages and fixed charges are added. 


Appraisal, Actual 
900. transfer. 
Average Average 
per acre, per acre. 


County. Name road. Name village. 


Jackson Michigan Central $177.25 166.65 
Tuscola.... ...|Michigan Central 571.00 


The conclusion reached the appraiser 1902 was that, for 
railroad purposes, right way worth what costs produce it. 
would just consistent claim that railroad has misfortune 
having river cross, and that value should placed the 
bridge which spans it, claim that right way, which costs three 
times farm-land values, should not valued higher figure than 
farm land. 
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TABLE 6.—Comparison VALUATION Con- 
IMMEDIATELY ADJOINING PROPERTIES, 
Rapips, 


The prices are per square foot per acre. 


Size Michigan Pere Marquette Actual 
Location. lots. appraisal. appraisal. transfer. 

Fulton Island 100 $2.00 per sq. ft. $1.40 
Cherry Street ft. deep $1.23 per sq. 
Cherry 

Williams Street Front- 

Williams Bartlett 

Street 

Bartlett Goodrich, 

Goodrich Street 

Goodrich 

Preseott First 0.54 
First Second 0.16 
Nortb side 

Hall Stevens per acre 


The problem appraiser determine, with the best evidence 
hand, what land fairly worth for railroad purposes the time 
appraisal. must take into account the railway-purpose increment, 


Non-Physical Values. 


The foregoing narrative account the general field and office 
handling the Michigan appraisal physical property, while not 
touching matters principle valuation, except land 
values, submitted describing briefly the machinery the appraisal. 
number very important issues were raised which have 
with the theory of, valuation. These are worthy discussion 
length, the subsequent consideration the method determina- 
tion fair value, but are not here referred to. Within any short 
limits impossible give comprehensive description detail 
all the work the Michigan appraisal. Several articles descriptive 
this work have been written, giving quite full extracts from the 
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various sets rules which were promulgated, and describing some 
phases the work much more detail than here attempted. 

The physical valuation, represented two figures—the cost 
reproduction the physical property, and its present value— 
was submitted the Board State Tax Commissioners the 
work Professor Cooley, and most the literature descriptive 
it, has been termed the “Cooley Appraisal.” 

After the completion Professor Cooley’s work, his figures were 
submitted Professor Henry Adams, who had been making 
study the income accounts the various companies, and whom 
had been assigned the duty determining the non-physical fran- 
chise values the properties. 

Professor Adams has described* very fully the plan adopted for 
this work, and this plan has been commented fully that any 
lengthy description deemed unnecessary. appears perfectly 
proper, however, correct certain misstatements regarding this work. 

When was first determined make the appraisal Professor 
Cooley—not Professor Adams—was requested take charge. The 
assignment Professor Adams the non-physical valuation was 
made after the physical valuation was well under way. 

The use negative subtractive non-physical value was con- 
sidered, and advised Professor Adams. The work was not under- 
taken with view “increasing the assessments,” but put the 
Tax Commission possession figure which would represent the 
business value the property well the physical value. 

Professor Adams held that the non-physical element value was 
not simple commercial element, but included: 


corporation, 

use public property, 

The possession traffic not exposed competition, 

The possession traffic through connections, 

The benefit economies due.to density traffic, 

The value due organization and vitality industries served. 


The franchise 


also held that, nothing visible tangible gave support 
this value, must determined the basis information secured 
from the income accounts the company. 


Bulletin 21, Bureau the Census, 78. 
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Without going into any complete description Professor Adams’ 
method, may said that made analysis the income accounts, 
and, after providing for operating expenses and taxes, deducted, 
annuity properly chargeable capital, certain percentage 
the appraised value the physical properties. Any remainder was 
give the true value the immaterial element, the 
business value. 

the rates capitalization and annuity used there were 
certain changes, making them differ from those used 1900, and certain 
changes the detail analysis income accounts and methods 
determining the rates interest which are entirely immaterial 
the present narrative. The work was great importance being the 
first exposition this method obtaining non-physical values. 
was fair, logical, and business-like attempt determine those 
elements which give well-designed, economically-built, advan- 
tageously-located property greater value money-earning concern 
than the actual capital invested, than the actual value remaining 
its physical property. 

will seen that, the case property which the surplus 
earnings depend excessive rates for service, will fail method 
determining value for use basis rate-making; and 
fails, the form which was used 1900 and 1902, bring 
out those negative subtractive elements which may determined 
from the income accounts, the case properties which not earn 
fair return the investment. This, however, was due the fact 
that the taxation laws Michigan made provision for any reduction 
value because property was idle non-productive, and any such 
deduction the ease corporation property would place 
different basis from other property. Professor Adams and his associates, 
therefore, applied only positive values, where any such were found, 
although advocating the use negative values. 

The writer has seen criticism Professor Admas’ work which 
not apparently incited by, either the direct interest corporations 
lowering valuations for taxation, effort confuse the 
subject valuation discredit the work the eyes taxing 
authorities. Any person competent the matter, who has 
given Professor Adams’ method thought, will forced the 
conclusion that this was long step the direction the final 
solution these important and perplexing elements value. 
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History and Results the Michigan Appraisal. 


Based the valuation 1900, the Board State Tax Commis- 
sioners was enabled comply with the statute reporting the 
Legislature. New laws were passed, sundry suits were brought, and, 
finally, the case the Michigan Central Railroad vs. Perry Powers, 
Auditor-General, and number other cases behalf other roads, 
were brought trial before the United States Court for the Western 
District Michigan. 

This Michigan Central case was suit restrain the collection 
taxes based the new assessment, the railroads claiming that 
their property was assessed full value, while general properties 
the State were assessed considerably lower percentage than full 
value. This suit was essentially valuation the railroad properties 
April, 1902. This work was done along the same line the 
former valuation, portion the same staff. The old work was 
brought down date, and certain special studies were made, which 
resulted change right-of-way valuation, has been related. 

the trial the case Michigan Central Railroad vs. Powers, 
the two valuations were fully testified all the men engaged, 
and the record relative the appraisal fills several volumes. 

Subsequently, 1906, Professor Cooley was engaged the 
Attorney-General, and, re-assembling the staff, brought the work down 
date April, 1906. 

There has been permanent force engaged the work Michi- 
gan, and the re-appraisals have only been made actual necessity 
demanded. 

Market Stocks and Bonds.—During the progress the 
appraisal 1900 independent force men was engaged studying 
the market values stocks and bonds Michigan roads with view 
securing information every possible line that would aid the 
appraiser reaching proper conclusions, enable him check his 
figures. figures were used only check, and report 
the details this work was submitted. 

Error Published Reports Michigan Work.—In several 
articles descriptive the Michigan work, one quite serious mis- 
statement fact has inadvertently been made. The writer not 
quite sure how where the wrong impression originated, but has 
been noted several articles and editorials. 
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Substantially, all accounts are similar that Professor Taylor,* 
which is: 

“In looking over the notes and results the work done Michi- 
gan, was noticed that Mr. Cooley’s engineers, car-men and other 
experts went over the property each railway company and 
enumerated and valued the same, and then the railway company gen- 
erally had its own men perform the same work order check 
the appraisal made the State authorities. Thus, this expensive 
work was unnecessarily duplicated.” 

Undoubtedly this statement was made good faith, and has 
gained currency not having been corrected, but not the fact. 

The Chicago and Northwestern Railway took immediate steps 


make surveys and secure data, has been described, and made 
complete appraisal, using the Michigan forms. The result this 
appraisal was: 


Chicago and Northwestern, present value....... 551 530 
State appraisal, present 281 090 


this case the railroad had records, and the work was value 
them, not only check the work the State, but also 
giving them complete records permanent way. was not done 
independently of, and after, the State work, but was organized 
that the field work both railroad company State was done 
the same time. 

other complete work valuation was done the railroad com- 
panies. During the trial the cases, contrary different valua- 
tions were set up. special attack was made the work, except 
select here and there some specific example building which 
was appraised higher figure than cost, perhaps half dozen all, 
and introduce expert evidence, particularly land and right-of-way 
values. Aside from the money expended the litigation, there were 
expenditures the roads checking the work. the contrary, 
number managers, their own expense, had typewritten copies 
the final report their own lines made, order file their 
records. 

fact that only one the seventy-eight roads made complete 
appraisal, covering 387.8 miles main line, and none the other 
roads mileage went any considerable expense. 


Bulletin 21, Bureau the Census. 
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The Cost the Work.—No complete statement the total cost 
the work valuation Michigan has ever been issued public 
document. The cost the work, including salaries appraiser, 
engineers, assistants, clerks, all expenses the Board Review, 
all expenses connected with Professor Adams’ non-physical appraisal, 
also all office rent, stationery, supplies, telegraph, telephone, and railroad 
expenses, printing and binding—in short every dollar chargeable 
the Michigan railroad appraisal 1900—footed $70 604.21. 

The exact mileage roads the State was: 


Spurs and sidings..... 
Average cost per main-line mile................ $9.97 


The exact figures cost the subsequent work appraisal, 
the costs the litigation, are not available the writer. general 
way, may said that the cost the State the railroad tax 
eases was not far from $75 000, and that the expenses the second 
and third appraisals were less than that, date, the entire 
the State Michigan less than $200000 for the three 
appraisals and the litigation growing out them. 

Some information details costs may not out place. 
All employees were paid salary and required provide their own 
subsistence. Salaries ranged from $250 $500 per month for experi- 
enced men, from $125 $250 for men with only few years 
experience, and from $75 $125 for assistants and clerks. 

All traveling expenses (except hotel and subsistence) were paid, 
the State issuing mileage books all employees, and receiving 
complete check the movements every man through the mileage 
bureau. The telegraph and long-distance telephone were used almost 
exclusively communication between the office and the men the 
field, all bills being paid the State. All expenses inspection 
hand-car, velocipede-car, were paid the State, except the 
roadmasters made trips with the inspectors. 
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The unvarying policy the appraiser was reimburse the com- 
panies for all extra expenses incurred account the work, and 
accept transportation favors from any company. 

The Result the Michigan Work.—Any undertaking must 
judged its results. The Attorney-General’s report for 1906, 
pages and 23, states: 

“These cases are among the most important the history the 
State. They constitute the last step subjecting railroad property 
Michigan taxation the same basis and the same rate 
other property taxed, and secure practical uniformity and equality 
taxation between railroad and other property. 

“As result these cases the various railroad corporations paid 
taxes and penalty thereon $1158 321.18, total 
amount for the years 1902, 1903 and 1904. The 
1905 tax being paid soon after the decision the Supreme Court, 
nothing was paid under the former law (specific tax earnings) and, 
course, there was penalty the 1905 taxes they were paid 
before May 1906.” 

short, the roads are paying the State Michigan average 
$1595 826.05 more per year than they paid under the old law, 
and date the State has received about more from taxes 
than would have received under the old tax law. 

Railroad development Michigan has received appreciable 
check, and notwithstanding 2-cent fare and the bearing equal 
burden taxation, the properties are maintained, and improvements, 
double-tracking and betterment general standards fully keep pace 
with similar work other States. 

course, must recognized that other forces besides the 
appraisal helped bring this about. The appraisal 1900 furnished 
the information. Public opinion compelled the passage the needed 
laws, and the magnificent legal work Attorneys-General Blair and 
Bird, Congressman Townsend, and Judge Knappen, and their asso- 
loyally supported Professors Cooley and Adams and the 
appraisal staff, were all factors securing the decision the Supreme 
Court the United States. 


APPRAISAL THE STATE TEXAS. 

Authority for the 1893 the Legislature Texas enacted 
what known the Stock and Bond Law, which was designed 
control and limit the total amount stocks and bonds that may 
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“reasonable value said 
This law further provides that: 


“It shall the duty the Railroad Commission ascertain, 


and writing report the Secretary State, the value each 
railroad this State including all its franchises, appurtenances and 
property.” 


INCORPORATED 


CONIA CMO 


PHYSICAL APPRAISAL. 


Subject. 


Engineering, items 25, inclusive, and 
Bridges, trestles, and culverts 
Frogs, switches, and 
Track laying and surfacing. 
Fencing 
Crossings, cattle guards, and signs............. 
Interlocking and signal apparatus.... .... 
Station buildings and ........ 
Shops, round-houses, and turn- 
Fuel stations 


Freight 
Miscellaneous equipment.............. 
Legal expenses, items 25, inclusive, 
Organization, 1.5% items 34, 


Cost 


reproduction. 


386 772 
745 313 

699 995 
148 070 
8 027 119 
11 139 924 
703 012 
845 030 
469 781 
723 558 
555 638 
763 595 
607 542 
5U1 883 
258 985 

108 736 
157 228 
107 910 
725 670 
803 289 

336 794 
258 646 

919 
1 234 345 
9 021 517 
8 197 473 
19 734 240 
702 940 

725 000 
C61 


673 349 
290 549 
645 277 
428 759 


Cost CONSTRUCTION AND 
Stores and 


$202 716 262 
474 829 

263 

627 


Present 
value. 


386 
745 
337 

693 024 
098 445 
337 819 
148 748 
865 994 
982 
040 120 
558 
400 972 
627 790 
428 474 
448 686 
134 797 

111 108 
467 569 


673 349 
290 549 


645 277 
127 110 


$166 156 
474 829 


495 
290 


814 043 


18 
423 689 
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THE VALUATION PUBLIC SERVICE 
The work valuation Texas antedates that Michigan, and 
offers some interesting opportunities for comparison methods under 
somewhat similar conditions, far the existing roads were con- 
cerned. The work being the hands permanent commission 
with very broad powers, has been possible secure from recently 
built roads very full and specific data construction, but with 
these later valuations and with the current work the department, 
this paper will not deal. 

The Commission Texas interpreted the law mean the estimated 
cost reproducing duplicating the properties the date valua- 
tion, allowing current market prices for all material and fair valuations 
all real property. 

Method Physical Appraisal—The Commission duly appointed 
engineers make these valuations. The railroads the State were 


unfavorably disposed toward the work, and were inclined withhold 
information. 


The Texas staff encountered the difficulty due destruction 
loss construction records, maps, and profiles. They had for their 
guidance only the profiles, filed under prior law, and were thus 
compelled depend wholly original field work secure their 


data. From paper Thompson, Am. Soc. E.,* the 
following description taken: 


“They [the engineers] with the profiles hand, made 
detailed inspection the railroads the ground. The quantities 
and embankment, where the actual quantities could not 
obtained, were estimated approximately from the profiles, using the 
heights the cross-sections. The classification the materials 
excavation was determined inspection. Where original plans 
estimates cost the bridges, buildings and structures all 
kinds could not obtained from the records the railroads, their 
value was estimated from measurements taken the ground. The 
extent and acreage the right way, the depot and terminal grounds, 
were determined actual measurement, from maps furnished 
railroads, from city and county tax records. 

“After examination railroad had been made the engineers 
the Commission, its valuation was prepared estimate sheets. 
Upon sheets marked Estimate Sheet were recorded the 
values the right way and depot grounds, roadbed, track, bridges, 
structures and way building for each mile, the value ten miles being 


Transactions, Am. E., Vol. 328. 
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recorded each sheet. these sheets space was provided 


for the units and prices, and columns for carrying out the values for 
each mile and the totals. 


“The value all rolling stock and equipment, and the value 
such properties were properly applicable and chargeable the 
entire railroad, were recorded separate estimate sheet, only one 
sheet being used for railroad.” 


thus appears that the general methods securing the data and 
making the field examination were quite similar those adopted 
the Michigan work. The classification items the sheets rather 
more full than the Michigan summary sheets, but apparently not 
completely detail the final compilation work. general, 
however, the physical items included are complete both cases. The 
form which the results are finally put radically different. 

The following points variations from the practices the Michi- 
gan appraisal are noted: 

(a) The unit prices were current market prices. 

(b) The value applied right way and real estate for 
railway purposes was accordance with the current market value 
other property immediately adjoining, disregarding donations prop- 
erty acquired less than value. 

(c) deduction was made account depreviation, was 
considered that all structures must maintained first-class, service- 
able value, and renewed when necessary, and allowance was made 
for appreciation roadbed. 

(d) allowance was made for franchise values any kind, 
except track rights streets. 

allowance was made for contingencies, except made 
prices quantities. 

Their practice was accord with the Michigan appraisal, 
allowing from cover legal and engineering expenses and 
superintendence, and from cover interest during construc- 
tion. 

The Result the Texas Work.—The object sought Texas was 
secure capitalization harmony with the actual investment 
the physical property; short, “squeeze out water.” 

course, all stock and bond issues outstanding 1894 are 
still existence, except few roads have been sold out re-or- 
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ganized. new issues stock bonds may made roads 
excess the valuation. Consequently, new roads are limited 
issues bonds not far from $15000 per mile. The effect shown 
Table from the Railroad Commission’s Report. 


Stocks Bonds Total stock and 
June 30th. outstanding, outstanding, outstanding, 
per mile. per mile. per mile. 


$15 076 $25 726 $40 802 


1894 

1896 437 647 302 949 


Total reduction, 1903, stock per 105 


Total stock and ............ 367 


Corthell, Am. Soe. E., speaking results secured 
the Texas law, says*: 


“The law, and generally its just operation, has cured many unmiti- 
gated and notorious evils. Not only has the public Texas been 
benefited, but also the investor railroad securities from the outside 
the Stute. The people Texas now have just and uniform rates 
transportation, and the investor knows what purchasing, and 
may reasonably sure return his investment,” 


Mr. Thompson sayst: 


“Another significant fact that only short time before the Stock 
and Bond Law became effective about 39% the railroads Texas 
were the hands receivers. To-day there not mile, the 
11300 miles Texas, the hands receivers, and, with few 
unimportant exceptions, railroad has been the hands receivers 
since the law went into effect. The fact that there has been piece 
legislation, this any other State the Union during the 
past which has been fruitful results and beneficent 
its action, alike the railroads and the people.” 


Transactions, Am. Soc. E., Vol. 346. 
364. 


1900 867 724 202 926 
1901 154 922 649 571 
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APPRAISAL THE STATE WISCONSIN. 


The State Wisconsin made valuation railroad properties 
the State June 30th, 1903, the work being under the direction 
Taylor, Am. Soc. The plan adopted, the methods 
work, and the general result independent studies conducted 
Professor Taylor have been described fully various technical 
papers and reports elsewhere listed, that very brief statement 
points difference between the Michigan and Wisconsin works 
appears all that necessary here. 

Professor Taylor associated with him for consultation Professor 
Cooley, Michigan, made careful study methods used earlier 
appraisals, used the Michigan blank forms basis for the prepara- 
tion his own, and thoroughly outlined his general plan and the 
scope the information desired before actually organizing his staff 
commencing work. 

connection with the earlier stages the work, conferences were 
held with the officials the principal railways the State, and 
developed thorough understanding and plans for co-operation between 
the appraiser and the roads. result these conferences, each 
large railway company the State, acting through its heads depart- 
ments, made inventory and appraisal its own property the 
State, using therefor the forms and blanks prepared the appraiser. 
the same time, the appraiser organized considerably smaller force 
than was used Michigan, made his own office and field inspection, 
and secured data complete the appraisal the small roads, 
which their own engineering operating departments were not 
organized the work according plan. 

The work turned out the large roads was then checked this 
force, the various points which they were out harmony were 
checked and unified, number hearings were held, certain portions 
the work were checked over the appraisers’ men, sundry changes 
quantity and price were made, and finally, when the work was 
compiled and put shape for presentation, the appraiser had reason 
believe that had secured result which was reasonably free from 
error, and one which the railroads had co-operated such extent 
that charge prejudice unfairness would lie. 

noted that the average cost reproduction and the present 
value per mile Wisconsin are higher than Michigan, which 


| 

4 


1444 THE VALUATION PUBLIC SERVICE PROPERTY [Papers. 


probably should be, Michigan has less mileage high-class 
main trunk line road than Wisconsin. 

general, the two appraisals were very similar. The determination 
unit prices, the placing depreciation, the apportionment 
locomotives, freight, and passenger equipment, and other rolling stock, 
the use the Interstate Commerce Commission’s construction classi- 
fication, the application percentage values for engineering, interest 
during construction, administration, legal expenses, and contingencies 
(this latter fixed 5.5%), all were along lines similar those 
developed Michigan. 

The work the Wisconsin appraisal was carried the same 
time the second Michigan appraisal. The investigations made 
Mr. Van Ranst Pond and the writer, the actual sale prices 
right way, fully discussed heretofore, were conducted the 
same time Professor Taylor’s work Wisconsin was being done, 
and neither party had any knowledge the work the other. The 
prior discussion relative this phase the Michigan valuation 
practically revision memorandum submitted the writer 
the Attorney-General January, 1904. The tables are abstracted 
from much more extensive ones which, supported the evidence 
Registers Deeds some ten counties Michigan, are part 
the record evidence Michigan Central Railroad vs. Powers. 
is, therefore, not only great interest, but great value, sup- 
porting Professor Cooley’s right-of-way valuations, note the fol- 
lowing extract* from Professor Taylor’s discussion the paper 
Mr. Thompson the Texas railroad valuations: 

“In the Wisconsin appraisal, the method followed for valuing the 
right way and terminal lands was about given below. Parts 
the right way some the larger systems are estimated higher 


ratios than this, but such cases the roads themselves tixed the right- 
of-way value. 

“The market value for other purposes the right way and 
terminal lands was judged the same that contiguous 
property. 

“In farming lands, small towns, and suburban residence 
property, the right-of-way value was taken 25% the market 
value for other purposes. 

“In property, the right-of-way value was taken 133% 
the market value for other purposes, where the land was owned 


*Transactions, Am. E., Vol. LII, 359. 
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strips 100 ft. width less, and 110% the market value for 
other purposes, where the land was owned blocks, widths 
greater than 100 ft.” 

effort whatever was made the Wisconsin valuation 
determine any non-physical intangible values, the report covering 
only cost reproduction and present value the physical properties. 

The Wisconsin work noteworthy the first appraisal which 
the hearty co-operation the railroads was secured from the outset. 
Michigan the roads the inception viewed the work with distrust, 
but the completion were hearty sympathy with the efforts the 
appraiser use just and honorable methods, and the managements 
extended every courtesy the way access records for verification 
purposes. 


The valuation railway properties the State Minnesota was 
undertaken with view establishing basis for rate making. The 
work was charge Mr. Dwight Morgan, Engineer the 
Railroad and Warehouse Commission the State, whose full and 
complete report very valuable addition the literature 
valuation practice. This work was undertaken after the completion 
that Michigan and Wisconsin, and advantage was taken 
the experiences the appraisers these two States. The Wisconsin 
plan co-operation with the railroads was adopted, and each company 
scheduled and appraised its own lines. 

The “cost reproduction,” and “present value physical proper- 
ties” were the two sets figures shown the final results. 

Unit prices were fixed the basis current prices 1905, 

Apportionment locomotives and rolling stock was made 
engine- and car-mileage basis. The organization 
was undertaken, and special study was made the subjects 
unit prices and the various local conditions surrounding the different 
properties, checking quantities earthwork, rails, and preparing 
harmonize and unify the estimates they should received from 
the railroads. 

The greatest difference between this work and that the 
States was the fact that the field inspection, instead being made 
many men, was made Appraiser Morgan, accompanied 
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two assistants, inspection being made special train, which was 
paid for the State. 
The detailed reports the railroad companies were completed 
and the hands the appraiser, maps and profiles the road 
were prepared and available, the train was run slow speed, and 
many stops were made for examination bridges, and 
structures. About 100 miles per day were covered, but this did not 
include the larger terminals St. Paul, Minneapolis, and Duluth, 
which were given many days. 
the preparation final summaries, percentage values were 
placed follows: 
Engineering, superintendence, and legal.... per cent. 
Tnterest, time construction varying 


addition these three items, the item “adaptation and solidi- 
fication roadbed” was given large place, being, for all the roads 
the State, This feature was novel this class 
valuation, and regretted that, his report, the appraiser 
did not narrate more fully the detailed methods which arrived 
his resultant figure. 

Land Valuation—The vexed question proper value give 
lands owned railway company, was treated 
Morgan different way than had been Wisconsin Michigan. 
number special agents were appointed, who made exhaustive 
study the transfers and assessed values throughout the State. The 
this subject Mr. Morgan’s report exhaustive, and 
great interest. The conclusions are quoted. regretted that the 
discussion methods valuation can only given brief form. 

“Careful and full consideration all information made available 
for establishing the value the right way owned and used the 
railway companies for railway purposes, led the conclusion that 
the state large exclusive the three terminals St. Paul, 
Minneapolis and Duluth, multiple three (3) applied the true 


value normal value lands, obtained from the transfers, would 
general satisfy the conditions. 


“During the period referred to, the railway companies paid for the 
property acquired them, over and above its normal value, amount 
sufficient justify the use the following multiples: St. Paul, one 
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and three-fourths Minneapolis, one and three-fifths (12), and 
Duluth, one and one-fourth (14), which when applied the normal 
value the lands established from contiguous and surrounding 
property, formed the basis for measuring the cost reproducing the 
existing terminals the railway companies.” 

the final compilation results, two sets schedules were 


(a) Those which gave the land values with added increment, 
Those which omitted the increment. 


The cost the engineering work was about this covered 
7596.4 miles main track, 427.4 miles second track, and 414 
miles side-track, total miles all tracks. yet 
there has been decision the Courts the Minnesota rate cases. 

Forms Used the Compilation Information—The forms used 
the Michigan appraisal have been described and fully illustrated. 
They were all printed 11-in. sheets. 

The Wisconsin appraisal used the Michigan forms basis, twenty 
them being practically identical with the corresponding Michigan 
forms. The forms shown Figs. are materially different 
from those used Michigan. 

The forms used Minnesota 1906 were based those 
Michigan and Wisconsin, and were printed sheets. 
They were remodeled and elaborated such extent, however, that 
the writer believes himself justified submitting reproductions the 
entire set, representing the most complete form for inventory yet 
used any the State appraisals. 

The appraiser Nebraska 1909, and Mr. Hansel New Jersey 
1910, have both returned the 11-in. sheets, and, while 
both clearly followed earlier precedent general, both have modified 
the details suit the requirements their respective States. 


WASHINGTON APPRAISAL. 


The State Washington, through its Railroad Commissioners, 
made appraisal railroad properties within its borders, the work 
being under the direction Halbert Gillette, Am. Soc. 

From Mr. Gillette’s report,* supplemented information furnished 
Henry Gray, Assoc. Am. E., Engineer the 


Engineering-Contracting. 
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W.B.A. Form 1 


WISCONSIN RAILROAD APPRAISAL OF 190____ ROAD B ED R EPORT 


Name of Road 


Office Inapector 


Inspector 


PART 


Between _ and = 
TOTAL EXCAVATION AND EMSANKMENT A RAILS 
1% Number onditic 1 “Treek in ft eight Condition 


[Papers. 


Form 


WISCONSIN RAILROAD APPRAISAL OF 190____ ROAD BED R EPO RT 


Name of Road 


Office Inspector 


Insyuccor 


PART 


Date 


Bet ween_ — 


FROGS AND SWITCHES 


} TIE PLATES AND GRACES | FASTENINGS ee 


LOCATION Hunter Condition lum Weizht per foot Condition | io Number Rail Weight Condition 


W.B.A. Form 6 


Office Inspector 


Date 


WISCONSIN RAILROAD APPRAISAL OF 190____ 


Name of Road 


No. Miles Condition 
st New 
Single Line eae Per Cent 


W.B.A. Form 8 


Office Inspector 


WISCONSIN RAILROAD APPRAISAL 190 


Between 190 


Name of Road 


| 
| 
| 


| CROSSING PROTECTION 
Section Tools, Condition Sn 


LOCATION Hand Cars, Per Cent Condition 
| Kind Amount 
| ete. | Per Cent 
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W.B.A. Form9 


TELEGRAPH, INSTRUMENTS 
AND STATION EQUIPMENT 


WISCONSIN RAILROAD APPRAISAL OF 190____ 


Ofgice Inspector 


Feild Inspector 


190 


| = ok 


Length 


Telephone 


or 


| Per Cent 


ines 


W.B.A. Form 38 


FENCES, CATTLE GUARDS AND 


WISCONSIN RAILROAD APPRAISAL OF 190____ 


LOCATION Wire or Length of Fence No. Posts! Si f Post No. Plank or | Size of Plank Condition | Kind of Condition Cunning Condition 
| | Size of Posts rossing 
Wooden Fence , (Single Line) | Per Mile | Wire Per Mile or Wire Per Cent | Cattle Guard Per Cent | Plank Per Cent 
| | 


Office Ins: pector 


TIMBER TRESTLES AND OPENINGS 


Name of Road 


Between. and 


Date 


Office Inspector 


Feild Inspector 
190 


B.M. Framing; Per Lin. Ft., Ete. 


DESCRIPTION Average Average 
LOCATION Top Ground Penetration 
Total Length; Pile or Frame; Number Stringers; To Base Rail ° Per Bent of Piles 


Condition 
Per Cent 


W.B.A. Form 1 
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Name of Operating Company. 


Section Number. From. 


DOCKS AND WHARVES 


Piles Masonry 

fe 
LOCATION Dimensions| Lineal Cubie 
Feet | B-M-Feet| B.M.Feet) 


Name of Operating Compan, 
Section Number. 


Builder | “®° | Reproduction | Per Cent 


Fig. 14. 


Form 21 
MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 
DOCKS AND WHARVES 
With or Without Coal or Ore Handling Equipment 


field Inspector 


SUPERSTRUCTURE FOR HANDLING COAL OR ORE 


Number 
Type | Dimensions Tunber of 
er Cen BLM. Feet Pockets 


MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


INTERLOCKING PLANTS 


Field Inspector 


Office Compiler 


NUMBER OF 


LOCATION] Railway LEVERS 


Crossed Built kina 


ame of Operating Company 
Section Number__ From_T 0. 


NUMBER OF ELECTRIC | Per Cent of | Per Cent of Per Cent of | 
FUNCTIONS CIRCUIT Average [Constr Opera 
OPERATED Condition 
Per Cent) By This 

| Company 


KIND OF 
CONNECTION PIPE 
OR WIRE TO 


Foundations] SIGNAL 


Wood or 


MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


SIGNAL APPARATUS 


Field Inspector 


Office Compiler 


ELECTRIC BELLS FOR HIGHWAY 


TRAIN ORDER AND MANUAL BLOCK SIGNALS OPERATED 
IN CONJUNCTION WITH THE TELEGRAPH 


DISTANT SWITCH 


Condition | 


LOCATION Miles of 


Manufactared | Number | Condition | ... gle Line 


Type of 


Name of Operating Company 
Section Number__From Too. 


Type of | Manufactured | Number 


Signal by Installed 


MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


Field Inspector 


TELEGRAPH, TELEPHONE LINES APPURTENANCES 
In Case Lines are not Owned, Only Show Such Equipment as Actually 
Belongs to the Railroad Company 


Office Compiler 


GENERAL DESCRI«TION 
| |Number and) Number of 


Number } Number Number | Kind Number | Number | Number | | 
| Capacity of | Telephone 


of of Poles | of Wires| of of of of | 
Miles | per Mile} Strung | Wire| Keys |Sounders) Relays | 


Switch | Transmitters | Battery | Gos | duction 


Condition 
Per Cent 


LOCATION 


Boards _| and Receivers | | 


REMARKS 


| 
| 
= 
nm 
3 = 3 | | 
| 


Form 25 
{Name of Operating Company. MINNESOTA RAILROAD & WAREHOUSE COMMISSION Field Inspector 
Locomotive in Service in Minnesota__.._ Total Number RAILROAD APPRAISAL OF 1906 
: LOCOMOTIVES Office Compiler 


DER 
ENGINES TENDER | Weight | Cost of conten 


General Capacity |Capacity Tender | duction | Cent 
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Form 26 
Name Operating MINNESOTA RAILROAD WAREHOUSE COMMISSION 
Passenger Equipment on System, Cars RAILROAD APPRAISAL OF 1906 Field Inspector 
Passenger Equipment Assigned to Minnesota__......._Cars 
Passenger Car Mileage System Miles PASSENGER EQUIPMENT Mifice Compiler 


Passenger Car Mileage,Minnesota___..__ Miles 


Trucks 


Number of 
Equipment 
Wheels 


Give Number of 
Cars Each 
Series Assigned 
to Minnesota 


Name of 


umber of | Kind of | Kind of 
Builder 


Heat Light 


Form 27 
MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


Freight Car Mileage, System_______ Milles 
FREIGHT CAR EQUIPMENT 


Name of Operating Company 
Field Inspector 


PUBLIC SERVICE PROPERTY 


A Freight Car Mileage, Minnesota ______Miles 
° Include Cabooses in this Statement. 
Serial Number 0) Body nd of ze rake Cars Cost of Condition 
~ Ca i Equipment Steel or Dimensions | Capacity Couplers | Journals | Equipment Now in Reproduction | Per Cent REMARKS 
es Wood Service 
Form 28 
=) MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
< Name of Operating Company_ . RAILROAD APPRAISAL OF 1906 Ficid Inspector 
7 Include Snow Plows, Flangers, Steam Shovels, Pile Drivers, Derrick Cars, Dredges, Office Compiler 
nm and all Special Equipment, Located or used in Minnesota, 
DE Builder Reproduction | Per Cent 


Form 21 
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Form 14 


MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


STATION BUILDINGS AND FIXTURES 


Including Station Equipment and Platforms 


BUILDING 
LOCATION 


Name Operating Company 


Section From 


Form 15 


MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


MISCELLANEOUS BUILDINGS 


Including Office Buildings, Warehouses, Elevators, and all Other Buildings 
Not Specifically Called for Blank Forms 


Name Operating Company 


GENERAL DESCRIPTION 


LOCATION Condition REMARKS 
Material| Dimensions| Age Reproduction | Per Cent 


Form 16 


MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


ENGINE HOUSES AND TURNTABLES 


Name Operating 


Section Number___ From ~ 
Office Compiler 


LOCATION No.of | Depth |Number SMOKE 
MATERIAL OF of PITS HEATING Age of| Condition} Center CURSING Kind (Condition 
bi dis 
Foundations; Walls | Framing Walls|Stalls | Stalls tember | Air Kind Table | Per Coat [Poundaticn Kind Pacing |Per Cent 
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Form 17 


MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


Name of Operating Company. 


CINDER PITS AND HOISTS TRACK SCALES 


Condition Name of 
Pueumatic or Power Hoists, General Description LOCATION Manufacturer 


Form 10 


Name of Operating Company——_____ MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL 1906 


Section FENCES CATTLE GUARDS AND SIGNS 
Length Main Line 


Field Inspector 


Office Compiler 


MISCELLANEOUS 
ROADWAY SIGHTS 


HIGHWAY CROSSINGS 


GUARDS 


SNOW FENCES 
TEMPORARY & PERMANENT ea USED 


Condition |No, Wires |No, Posts | No, Miles Length (B.M.Ft, Kind dition |Number of Condition Kind 
Per Cent |Per Panel| Per Mile Sngl. Line! Per Cent|Per Panel Panel) in Lineal! Pec ‘Cone Per Coat} Crossing Per Cont 
Feet 


RIGHT OF WAY FENCES 


Form 1 
Name of Operating Company_____ MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 
Section Number___From____To ieid Inspector 
LANDS FOR RIGHT WAY, YARDS AND TERMINALS 
Separate Counties, and for Incorporated Cities, Villages and Towns Compiler 

Length of Main Line Roadway Mies Show Joint Right of Way Separately and Indicate Division of Ownership 

iad Name of WIDTH OF RIGHT OF WAY Total | Average Average Ae RNAS Average Average Value 

Incorporated Acres | Market | Right of Way Market for Railway REMARKS 


16, 


Form 14 
MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
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Fie. 18. 
Name Operating MINNESOTA RAILROAD WAREHOUSE COMMISSION 
Section Number. From RAILROAD APPRAISAL 1906 


STEAM ELECTRIC POWER PLANTS 


Include all Shafting, Belting, Motors, Operated from Central Plant 


Office Compiler 


GENERAL DESCRIPTION 


POWER BUILDING 


Cost of 
Production 


Condition 
Per Cent 


POWER ‘EQUIPMENT 


Condition 
Per Cent 


Production 


Form 19 
Name Operating Company MINNESOTA RAILROAD WAREHOUSE COMMISSION 
Section RAILROAD APPRAISAL 1906 Field Inspector 
GENERAL REPAIR SHOPS Office Compiler 


MOTIVE POWER AND REPAIR SHOP 


LOCATION MATERIAL USED FOR i 
Age a te TY, Cost of | Condition 
Dimensions panictieal Wiis | fea cya General Description and Purposes for Which Each Building is Used Reproduction | Per Cent 
Form 
Name Operating MINNESOTA RAILROAD WAREHOUSE COMMISSION 
Field Inspector 


SHOP MACHINERY AND TOOLS 


Separate by Buildings in Which They are Located 
Shafting, Belting, Motors, Etc., to be Included on Form No,18 Power Plants 


Office Compiler 


MACHINES WITH ACCOMFANYING TOOLS 
Name of Name of | Cost of Condition 


Age | 
Machine Maker s | Reproduction | Per Cent 


MACHINES WITH ACCOMPANYING TOOLS 
T 
Name of Name of Cost of Condition 


Machine Maker Reproduction| Per Cent 


MACHINES WITH ACCOMPANYING TOOLS 


Cost of Condition 
Reproduction | Per Cent 


Name of 
Maker 


Name of 
Machine 


REMARKS 


17. 
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Form 7 
MINNESOTA RAILRORD & WAREHOUSE COMMISSION 


Name Operating Company. 
RAILROAD APPRAISAL OF 1906 


Section 
PILE BRIDGES AND TIMBER TRESTLES 
Include Timber Overhead Highway Bridges Erected at 
Expense Railway Company Office Compiler 


GENERAL DESCRIPTION PILES FRAMED | FRAMED BENTS | SUPERSTRUCTURE FOR PILE OR FRAMED BENTS Pees 
trueture 
STRINGERS TIES 
Number| Length | Height | of Bents| Timber} Per Pai Timber ssa of Caps | Timber Dimensions} gitts and Kind of —— No. per | Kind of | Dimen- | Number] Kind of | Dimen- Per Cent 
Bent Caps | Timber sions | of Ties | Timber | sions 


Form 8 
MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
, RAILROAD APPRAISAL OF 1906 
Section 
CULVERTS 


Name Operating Company. 


Include Box, Cast Iron Vitrified Pipe Culverts 
Stone, Concrete, or Wood 


MASONRY Concrete PAVING Timber Condition 


if 
LOCATION Material Dimensions Cubic Cuble BM, Per Cent 
Yards Yards ards 


REMARKS 


Form 9 


Name Operating Company 
MINNESOTA RAILRORD & WAREHOUSE COMMISSION 


TRACK AND BRIDGE TOOLS 


NOTE:- 
Space Below, List Kind and Number Tools use 
Average Section and Bridge Crew, Covering General Track 


and Bridge Work 


BRIDGE TOOLS ASSIGNED REGULAR CREWS 


HAND CARS TOOLS 


LOCATION 
Condition | Number | Condition 
= Per Cent Sante 


TRACK TOOLS ASSIGNED TO SECTIONS 


Condition 
Per Cent umn Sets | Per Cent 


LOCATION 


= 


site 


MINNESOTA RAILROAD WAREHOUSE COMMISSION 


Name of Operating Compusy 


| 
| 
| 
| 
| | 
| 
| \ 
| | 
| | 
| | 
| | | 
| 
{ 
| | 
if 
| if 
| 
| 
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| 


Form 11 
MINNESOTA RAILROAD & WAREHOUSE COMMISSION Fila In = 
RAILROAD APPRAISAL OF 1906 


STOCK YARDS AND APPURTENANCES 


WATER SUPPLY AND POWER STOCK SCALES 
LOCATION emben ol Number | Sheds and Condition of Supply Used, and S| 


Name of Operating Company. = 


Section 


Dimensions f Platf. 
of Gates | Dimensions Per Cent Sraligtion Description of Platform! Gent 


Form 12 


MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


WATER STATIONS 


Name of Operating Company. Field Inspector 


Section Number__ From________ To. Offices Compiler 


SERVICE PROPERTY 


ra 4 GAS ENGINES WIND MILLS SUCTION] DISCHARGE 


Well, 


and Depth Z 


WATER CRANES 
SUPPLY 


Condition | 


| 


Per Cent 


Cylinder 
Diameter 
Condition 


Form 13 
MINNESOTA RAILROAD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1206 


Section Number___ F rom - COAL STATI ONS 


Name of Operating Company. 


VALU 


GENERAL DESCRIPTION OF BUILDING APPROACH SPECIAL APPLIANCES FOR HOISTING AND CONVEYING 


T 


| Age cf | Condition Design| Length Condition 
| | 


General Description 


THE 
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Name Operating 


Section Number_______ City of. 


Form1A 


MINNESOTA SAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


RAILWAY TERMINAL PROPERTY 


Field 


Office Compiler 


TERMINAL SECTION 
MAP NO. 


Name of Operating Company. 


Section Number______ From 


Average | 
Market Value Value 


Per Acre Per Acre 


TOTAL ACRES 
OWNED 


DESCRIPTION OF PROPERTY OWNED TOTAL VALUE 


Form 2 


MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


ROADWAY REPORT 


Length Main Line Roadway. 


Miles In Recording Information, Show Main Tracks Separate from Passing, Side, and Industry Tracks; 
Show Joint Tracks Separately,and Indicate Division of Ownership. 
The above docs not apply to Grading or Protection except for Joint Tracks. 


CROSS TIES 


Name of Operating Company 


Section Number_____ From 


Length of Main Line Roadway__ 
Length Passing, Side and Industry Miles 


BALLAST 


LOCATION 


PROTECTION 
RETAINING WALLS Other 
Kinds | Cond. 


Mortar | Concrete Per 


Form 3 
MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
To RAILROAD APPRAISAL OF 1906 
Miles ROADWAY REPORT 
In Recording Information, Show Main Tracks Separate from Office Compiler 


Passing, Side, and Industry Tracks; 
Show Joint Tracks Separately,and Indicate Division of Ownership 


RAILS (insert Weight of Rail per Yard) 


Relaying | Wt. We. Cond. | Wt. Cond. | Wt. Cond. |We. Cond. | Wt. Cond. | We. 
Track Track| Per | Track! Per | Track} Per | Track} Per | Track | Per | Track 
Biles | Cent | Miles | Cent | Miles | Cent | Miles | Cent | Biles | Cent 


LOCATION 


Form 11 
MINNECATA DAT COMMISSION 
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Form 4 
Name Operating Company. MINNESOTA RAILRORD WAREHOUSE COMMISSION 


Section Number_____ From. To RAILROAD APPRAISAL OF 1906 
Length Main Line ROADWAY REPORT Inspector 


In Recording Information, Show Main Tracks Separate from ee ee 
Office Compuler 


Length Passing, Side, and Industry Tracks Miles Passing, Side, and Industry Tracks; 
Show Joint Tracks Separately, and Indicate Division of Ownership. 


TRACK FASTENINGS 


[Papers. 


SPIKES TIE PLATES RAIL BRACES 


ANGLE BARS | PLATES BOLTS NUT LOCKS 
LOCATION Weight if T 
Weight | No, Bolts No, Veight No, Bolts |Cond. No. Kegs |Cond. - Weight} Cond. |No. Kegs) Cond | | Weight 


Form 5 
Operating MINNESOTA RAILRORD WAREHOUSE COMMISSION 


Section Number. a RAILROAD APPRAISAL OF 1906 
Length of Main Line Roadway__________ Miles ROADWAY REPORT Field Inspector 


In Recording Information, Show Main Tracks fe from 
Length Passing, Side, and Industry Office Compiler 
Show Joint Tracks Separately, and Indicate Division of Ownership. 


RIGID FROGS SPRING RAIL FROGS GUARD RAILS RAILROAD CROSSINGS 


Condition 


P 


LENGTH 


LENGTH IN FEET LENGTH IN FEET 


0. of 

Each Kind 

Cent 

Cost Paid 
By This Co. 
Cent 


LOCATION 
Condition 
Per Cent 
Condition 
Per Cent 
Total No. 
of Pairs 
Condition 
Per Cent 
Naine of | 
Railway 
Pe 
Per Cent 
Maint. Paid 
By This C 
er 


‘otal No, of 
Each Length 


Name of Operating Company. MINNESOTA RAILRORD & WAREHOUSE COMMISSION 
RAILROAD APPRAISAL OF 1906 


Section Number____From_____ To BRIDGES Field Inspector 


Truss, Plate Girder, Beam and Draw Spans. 
Office Compiler 
Indicate Power Used for Operating Draw Spans, 


> 
& 
> 


SUB-STRUCTURE 


FRAMED TIMBER MASONRY CONCRETE He Design| Specifica-|Weig | Cond. 
tions for of § in Age| Per 


Cabic | 
Yards Bridge |Live 
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Railroad Commission Washington, the following general statement 

The plan involved, not only determination cost reproduction 
and present value, but also original cost. 

appraiser was unable adopt the methods followed Wis- 
consin and Minnesota, far they accepted the inventory 
the railroads, but made his own examinations records. The railroads 
the State denied that they had any information whatever that 
would value the Commission. 

The records the Engineering Department were examined. The 
records the Accounting Department were analyzed, various annual 
reports were examined and corporate history the road prepared. 

Special forms for securing information were not prepared, and 
rules, definite order procedure used for all roads alike, 
were adopted. 

somewhat difficult determine from the appraiser’s report 
just what part covers actual work done, and what part theory 
developed from the work, but presumably maps were prepared and 
profiles secured which represented the original conditions con- 
struction. 

The field inspection was made foot, each field 
inspector being furnished with the plans, profiles, 

The same conditions existed Washington elsewhere, that is, 
certain records were not kept up, and were found inaccurate 
and unreliable, and, result, the appraiser reported the condition 
such “to cause much unnecessary work subsequently 
checking.” 

percentage depreciation was not placed the field, but was 
determined “mortality tables,” ascertaining the probable years 
structure life, then determining from the age the particular 
structure under consideration its percentage depreciation, method 
means new. not stated that any attempt was made 
compare these tables with the rules the Master Car Builders Associa- 
tion for valuing equipment, and field inspection equipment was 
made. The prevailing prices materials formed the basis for 
estimating the cost reproduction. 

The value motive power and rolling stock was apportioned among 
the States the basis engine- and car-mileage. 
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The land values were fixed the Railroad Commission sitting 
court, real estate men from the large cities, real estate experts 
brought the railway companies, and others testified; and based 
this testimony, the value was determined the Commission 
the same manner condemnation case. Three right-of-way 
experts, all whom had had experience purchasing right way for 
roads, were the regular employ the Commission, and details 
present values were referred them. 

The chief point difference between this work and that the other 
States apparently was the effort ascertain first cost the properties 
plus additions. This was done examination the accounts 
the railway companies. 

The result the Washington work, far rate making 
indeterminate, the United States Courts have held 
that the Commission may not fix freight rates. The Supreme Court 
the State has held that they could. The Supreme Court has 
also held that the Tax Commission should accept the findings the 
Railroad Commission for the purpose taxation, with the result, 
stated Mr. Gray, that more than $1250000 more was received 
last year than during any prior year from railroad taxes. 

The report the Washington appraiser differs widely from that 
for other States that diffuse and does not present the methods 
clearly and systematically; difficult, indeed, trace what was 
actually done. The writer loath criticize, but this report such 

1.—Throughout the report very great stress laid the cost 
making the appraisal. Such undertaking appraisal 
corporation property should done thoroughly left alone. 
matters not whether the work Professor Cooley Professor Taylor 
cost mile $50 mile, dependable result was secured. 
does not appear good taste either criticize costs work 
other States, compare the costs Wisconsin and Michigan with 
the costs Washington. 

number criticisms, amounting almost reflections, are 
made the methods elsewhere. The appraiser says: 

“Speaking for myself, found the precedents established Texas, 


Michigan, and Wisconsin little value either deciding the methods 


pursued making the estimating the probable 
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“In estimating present depreciated values structures, rolling 
stock, both Michigan and Wisconsin had sent experts into the field 
estimate the percentage present value each unit. this man- 
ner freight cars were inspected Michigan and their “present 


value” estimated. this seemed not only useless procedure’ 


but very erroneous. 


“The appraisals heretofore made other states have been based 
almost entirely upon field surveys and inspection, attempt having 
been made secure the necessary data from the engineering and ac- 
counting records the railways. Why? The answer found the 


purpose the appraisal.” 

Such sentences, and others which, inference not name, re- 
flect work executed men high professional standing, are hardly 
good taste, even true, report railroad commission an- 
State. Whether not found little value, the appraiser’s 
general line procedure was not radically different from that followed 
Michigan and Wisconsin getting all available data first from the 
companies, then making field inspection before fixing values. 
misled erroneous profiles, went into error needlessly, was 
fully known Michigan that records were the condition described 
before any field work was begun. 

The inspection freight cars Michigan was not “estimate 
present value” but determine first hand whether the Master Car 
Builders rules for valuation were safe use, and back their use 
Court. 

The third paragraph quoted misstatement, due clearly 
misapprehension what really was done. 

spirit suspicion railroad men’s motives unfor- 
tunate one carry into railroad appraisal, much less into report. 

4.—The writer fully realizes the magnitude the task before the 
appraiser who asked determine first cost plus improvements 
betterments. 

Hardly trunk line road exists to-day that has not grown from 
small beginning, changed its line, reduced its grades, added safety 
devices, changed the type its bridges and buildings, increased the 
weight its rails, put service much heavier equipment, fact, 
completely changed everything, except, perhaps, the original right 
way. 

The task securing from old accounting department records 
accurate statement cost, is, and the writer says with the confidence 
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practically prohibitive. The different systems accounting, the 
different policies the management, charging betterments 
capital operating expense, say nothing the countless errors 
that creep into the distribution accounts, place such undertaking 
among the labors modern Hercules, and, one who has been en- 
gaged even the task trying ascertain what one year’s account- 
ing large road may concealing betterments under the guise 
operating expense, would appear that result that could sworn 
correct was impossible attainment along the lines suggested 
this report. 


The general question the propriety the use mortality tables 

This document, addition the literature the subject 
valuation properties, disappointing, for there were original and 
valuable methods they are not explicitly described. 


The cost making the appraisal was about $13 per mile line. 
VALUATION TRACTION PROPERTIES CHICAGO. 


During 1906 complete valuation the property and franchises 
the surface roads Chicago was made under the direction Com- 
mission consisting Bion Arnold, Am. E., and Messrs. 
Mortimer Cooley, and Pont. The report this valua- 
tion was published the form pamphlet which now practically 
out print all extra copies were long ago exhausted. 

The instructions this Commission from the Chicago City Council 
were: 


consider the detailed inventories and estimates value 
submitted the Street Railway Companies, investigate the same 
and ascertain whether the values thus listed were reasonable, fair 


and just.” 

Detailed inventories and estimates value were submitted the 
roads, and, from time time during the progress the work, additions 
corrections these schedules were made. 

Reports showing income, operating expense, and traffic statistics 
were made, and such detailed statements were called for from time 
time were furnished. 

The Commission organized its for valuation work using 
the office and field organization the Arnold Company under the di- 
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rect charge George Weston, Am. E., for the major part 
the work, and retained Messrs. Theodore Hinchman, Jr., Con- 
over, and the writer give special study certain features the 
appraisal. the determination franchise values, Professor Henry 
Adams was retained consultation the Commission. 

arriving the value the physical properties, complete field 
examination was made, depreciation determined, cost reproduction 
estimated, and general, the work was carried along lines quite 
similar those the railway appraisals heretofore described detail. 


Several very interesting and unique problems were presented, some 
which were follows: 


what basis shall the cable properties the companies 
estimated—(a) operating cable systems, (b) obsolete systems 
having value except far the physical property can utilized 
the conversion the cable lines into electric?” 


the final conclusions the Commission, part the cable lines 
were treated one way, and part the other. 


“What allowance, any, shall made for the pavements laid 
the companies their right 


The discussion this topic, together with the opinions counsel 
the legal status, interest. The Commission did not consider 
the value paving constituting any part the physical property, 
the value which must supported out earnings. The present 
value the pavement was estimated and reported without specific rec- 
ommendation whether allowance should made. 

The valuation real estate was left the hands real estate ex- 
perts familiar with values Chicago, each piece property being 
personally examined and valued, and the representatives the roads 
given such hearings they desired. 


computing the value physical properties, allowance 10% 
was made cover the following items: 


Expenses—including those incurred securing right 
way and frontage consents. 

carrying charge for the money expended during the 
construction period and the time the property goes into operation. 

the expense securing the necessary moneys. 

cover incomplete inventories, unforeseen 
difficulties construction, and any and all other items expense 
which cannot foreseen.” 
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The only novel feature this list Item which was not included 
specifically any the railroad valuations made States and here- 
tofore described. 

The franchise and intangible property valuation, amounting some 
000 000, about one-fifth the total, was very important phase 
the work, and the Commission gave large part the report 
its discussion. 

The difficulties this part the work are described threefold: 


difficulty determining what are the exact legal 
rights the companies any given street part street, absence 
direct and final judicial decision these rights; 

“Second.—The difficulty estimating the value line street 
railways, consisting several parts, where each these parts oper- 
ated under different tenure due the character the ordinances 
franchises, respectively; and 


difficulties arising from the absence exact informa- 
tion the receipts and expenditures the several parts single 
line covered franchises different length and character.” 

The Commission, having arrived such adjustment the diffi- 
culties appeared just, determined the value franchises the 
following manner: 

was assumed that the gross earnings the different parts 
routes each system were proportion the car-mileage. 

The system was divided into routes, and the car-mileage was de- 
termined for each route; then this information was compiled 
show the car-mileage, and consequently the gross earnings, apportion- 
able each franchise. 

The next step was determine, the same manner, the proportion 
operating expenses assignable each franchise, the operating ex- 
pense being assumed uniform with gross earnings. study 
the conditions Chicago resulted determination upon 70% 
fair proportion for operating expenses, taxes, and maintenence. 

Next, the amount capital investment supported out 
earnings was computed estimating the cost reproduction track 
and overhead lines under each franchise and apportioning the cost 
land, power-houses, barns, cars, tools, and stores proportion car- 
mileage. 

determining earnings for the unexpired years franchise life, 


was assumed that the earnings would increase accordance with the 
law laid down Mr. Arnold 1902. 
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The last step was find the value the net earnings future 
years, after deducting the sum required support the invested 
The rate chosen was compound interest. The sum the different 
present values thus found was the value the sought. 
Two other points arising connection with valueg were: 
“Where, street, franchises covering part the have ex- 
pired, and others remain the contention the city that 
the expired franchise because traffic under can stopped; 


over other streets where franchises have not expired.” 


This was set aside the ground that the value any particular 
system considered entirety. 

The second point was the value traffic agreements; but this 
complicated problem was the theory that when two 
systems are considered the value individual parts 
either system remains the same regardless their ownership. 

The values their properties, fixed the companies, included pav- 
ing. The total figures reached this yaluation were: 


Companies’ valuation, including paving, $73 555 675 


This work affords many interesting problems, and perhaps the 


largest valuation for determining price for the purchase property 
that had been made date. 


THE CoMMERCIAL VALUATION OPERATING PROPERTY THE 
DEPARTMENT COMMERCE AND 


1902 the permanent Census Office was established, and the Di- 
rector was authorized collect relative public indebted- 
ness, valuation, taxation, and expenditures. The Bureau the Census 
co-operated with the Department Commerce and Labor the 
preparation the appraisal the commercial valuation railway 
properties the country. 

The report this work, issued Bulletin the Bureau the 
Census, the most interesting and valuable exposition the subject 
railway valuations yet published, includes not only the report 
this particular work, together with the results, tabulated States, 
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but appendices describing and discussing the work States and for- 
eign countries, and the work valuation railway men. 

The results are prinie interest, they show the valuation all 
railway property all the States, based uniform methods ap- 
praisal and distribution, which enables comparison made with 
work done the States. 


The method adopted this work was radically different from 
that the various State appraisals make detailed description 
The method really capitalization net earnings. 

Owing the nature the inquiry, namely, determine what part 
the the nation devoted railway transportation, 
was obligatory the appraisers adopt method which would dis- 
close nearly possible the true market value. 

Certain restrictions and limitations the term, “value,” and 


the use the resultant figures the appraisal, are suggested 
Professor Adams, follows: 


“The valuation submitted this report may properly defined 
the commercial value property used railways connection with 
the business transportation. value’ meant the 
estimate placed upon the worth property regarded business prop- 
osition. This must, course, the market estimate and not the 
arbitrary estimate public official. The two fundamental considera- 
tions which the market influenced placing value upon prop- 
erty when bought sold, are the expectation income arising from 
the use the property, and the strategic significance the property. 
These two considerations are made the basis the valuation 
railway property submitted this report. The material made use 
this valuation is, first, the operating and financial accounts the 
railways; second, interrailway contracts and agreements; and, third, 
the published records the stock market. 

“This place enter upon discussion the nature and classi- 
fication different kinds value, but word caution may allowed 
order guard against unwarranted use the figures here 
submitted. The commercial valuation railway property, far 
depends income arising from the sale of. transportation, the 
result, among other things, established schedule freight and 
passenger rates, from which follows that such valuation cannot 
used for determining the reasoriableness unreasonableness the 
rates question. The solution the rate problem demands separate 
valuation the physical property. 
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“Again, far the Government precluded its political 
character from following commercial rules the sale any service 
which renders, commercial valuation which assumes that property 
administered under the rules private rather than public financier- 
ing, might differ from the valuation the same property regarded 
public property. The purpose this remark preclude dis- 
cussion the problem the Government purchase railways 
the basis the values submitted this report. would course 
necessary modify these values considerations public utility, 
order determine purchase price. 


“Whether not the commercial valuation here submitted can 
used the basis assessing railway properties for the purpose 
taxation depends entirely upon the taxing laws the state for which 
the question asked. these laws confine the appraisal railway 
property its physical elements, the values here submitted would, 
the case prosperous roads, exceed appraisal for the purpose 
taxation. If, the other hand, the purpose the taxing law 
appraise railway property its true cash value, unusual abnormal 
conditions being excluded, may that the commercial valuation 
operating property submitted this report fairly 
appraisal for the purpose taxation.” 

The methods are explained the most minute detail series 
papers the Bulletin. 

The work Professor Adams and his associates great prac- 
tical value that shows the discrepancy the taxation laws the 
different States relating railroad properties, and that gives 
set values determined uniform method, which, within reason- 
able limits, furnishes check the work the State appraisals. 

This method, course, cannot used for purposes rate mak- 
ing, bond stock restrictive legislation, but the general uni- 
formity its results with those State appraisals, and the radical 
differences noted the case values for taxation other States, 
lead very properly the inference that value determined this 
method very close the truth. 


There have been many appraisals property besides those reviewed 

the foregoing pages. Several excellent contributions valuation 

literature, result the numerous water-works appraisals, are 
mentioned the Appendix. 

New Jersey and Nebraska have had railway appraisals progress 

during 1909-10. the time writing, neither appraisal has gone 
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far enough add any points interest the subject, except the 
appraisers these two States discuss the subject and bring out new 
points. 

Valuations Street Railway property have been made several 
cities, Cleveland, Ohio, Detroit and Milwaukee being the most recent. 

The Cleveland and Milwaukee hearings have produced large records, 
and have tended determine finally certain principles valuation. 
Several valuations have also been made for corporations, among which 
may mentioned that The Toledo Railways and Light Company, 
Messrs. Ford, Bacon, and Davis, and that for the New York, New 
Haven, and Hartford Railway, under the direction John Stevens, 

This latter valuation offers some very interesting points, and, 
view Mr. Stevens’ standing railroad engineer, the adoption 
him methods inventory and field inspection would far toward 
fixing precedent which would acceptable the railroads. 
regretted that the interests the road are such that not 
deemed wise its President even the principles this 
work present. 

connection with the recent appraisal made the City 
Detroit, The Detroit United Railway made independent examina- 
tion and appraisal its own property, with the double purpose 
furnishing inventory the city and checking the work the 
staff employed the city. This work for the railroad was done 
officials and employees the company, under the personal direction 
Mr. Rifenberick. noteworthy for the completeness 
its inventory, which goes into the most minute detail, and for the 
excellence the maps and drawings which accompany and show, 
not only every standard type track, rail, and all buildings and 
machinery, but every piece track and overhead special work the 
entire system. This appraisal includes most complete and exhaustive 
study average unit costs. this work likely 
fully reviewed the Courts the near future, any further 
description would hardly proper. not too much say, how- 
ever, that probably stands the most complete every detail, 
inventory and records, all American appraisals this date. 

During the summer 1910 the Railway Commission Michigan 
ordered appraisal certain large electric-power properties the 
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State. This work was done Professor Mortimer Cooley, assisted 
Mr. Henry Anderson and the writer. This appraisal, involving 
certain comparatively new corporations, made possible obtain 
fairly definite solution some the problems relative overhead 
charges. 

evident that the demand for valuation work high char- 
acter will increase, and that will come, not only from States and 
cities, but from corporations. Much the work done the past has 
not been described the publications scientific societies; much 
very valuable work has secured only partial notice through reports 
litigation; and undoubtedly true that the most complete and 
full the principles valuation have been the form 
expert evidence before the Courts, and are buried the mass 
unprinted records testimony. 


Review Some VALUATION, AND SOME THE CRITICISMS 
THE APPRAISAL. 


Much the available literature the subject valuations 
the form papers descriptive water-works appraisals and arbitra- 
tions, many which have been made, and few which have been 
the subject valuable papers and discussions before learned societies. 

Before the American Water-Works Association, Mead and 
Alvord, Members, Am. Soc. E., have presented papers* which 
have been quite fully discussed. The chief point interest these 
papers the treatment the intangible element termed “going 
value.” Mr. Alvord advances the argument that, after the determina- 
tion physical present value, there should added, determine the 
fair value, two non-physical elements: the “going” “business” value, 


and the franchise value. The first element defined that special 
value which is: 


“Built the energy, perseverance and solicitation 
* * * * * * * 


“The element ‘going value’ has been before described the 
element growth the plant irrespective its physical condition. 
comparable somewhat that indefinable quality known other 
lines business ‘Good Will’. Nevertheless something more 
than good will water works business, represents what might 


Am. Water-Works Assoc., 1902. 
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more aptly described ‘connected good will’, that say, the 
acquisition customers who have invested considerable sums 
actually connecting their premises with the plant the company, and 
provided appliances for the use the water which can deliver.” 


The method advocated Mr. Alvord the most rational one for 
computing this value described follows: 


“It assumed that new plant will constructed, the inception 
which coincident with the data arbitration. Such new plant 
equal capacity with the older plant under consideration, 
and due allowance time which construct this new plant, 
and the necessary capital invested from time time 
estimated. the completion this new imaginary plant, 
assumed that commences obtain business that community 
from those who are not previously accustomed the free use public 
water, except general way; that require the business 
ability and consequent increase number customers which the 


and older plant went through within the early years its 


existence. assumption the amount business thus created for 
each year for period years advance carefully computed and 
estimated the ‘board arbitration. The losses interest upon 
capital invested are duly fixed, well the first absence and later 
addition revenue from hydrant rentals, and table prepared 
showing each year, the total business developed and the total losses, 
any. After this completed forecast made the business the 
older works for the same period time the future that takes the 
business the new works equal the business the old works. 
the business the old works found growing one will 
longer period that the new works will require overtake than will 
the case the business the older works stationary decreas- 
ing. general, the differences which might called the debits and 
this new imaginary plant and the debits and credits the 
older working plant are reduced their present worth the time 
appraisement, and estimate made which will adequately 
represent the financial advantage which the old works (already fully 
equipped and running order and having large number profit- 
able customers) will have over the new works, where everything must 
built and customers secured. 

“Tt necessary making this supposititious estimate the new 
plant consider way competitor the older works; there 
not supposed competition between the new and the old, but 
left the experience the board arbitration consider how 
long would take the new company build new works, and build 
business for the new works, until they have overtaken the business 
the old company should continue occupy the same territory.” 
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Mr. Alvord’s description his method has been quoted fully, 
interesting one and has been often open the 
very decided objection that purely theoretical, rational method 
computation, perhaps, but based assumption throughout. 
may said method which within the field pure specu- 
lation. Mr. Alvord, himself, says that where experience financial 
matters and the financial management water-works not brought 
into the valuation, there usually found guesses the wildest 
character. Professor Mead, discussing Mr. Alvord’s method and 
agreeing that consistent and logical, says: 


“the method means exact one, and must necessarily lead 
very great divergence opinions the ‘going value,’ 
accordance with the assumptions which based. Its 
very logic element danger, for clearly presented from 
biased stand-point one previously unacquainted with its application, 
and accepted without careful analyses may lead very unjust 
conclusions. used, however, carefully and conscientiously with 
the desire justice all concerned, valuable method 


estimating going value, and the only logical one with which the 
speaker familiar.” 


addition the element going business value, Mr. Alvord 
considers the franchise value, and presents two methods for its determi- 
nation: 

physical value, depreciation, and going value are en- 
tirely neglected, and the entire valuation fixed the basis its 
earning power throughout the remaining life the franchise and its 
probable sale value. 

The probable net revenue for each year franchise life must 
estimated and capitalized sum, which, put interest, would 
pay such yearly revenue and extinguish itself the end the franchise 
period. this must added the physical value the plant the 
end the franchise period. 

Second.—The cost reproduction, depreciation, and present physical 
value are ascertained, and the going value computed. Then deter- 
mined whether not the net revenue paying interest capitalized 
value greater than that indicated the sum the physical and busi- 
ness values. such capitalized figure less than this combined value, 
there is, course, franchise value; more, there fran- 
chise value which should determined estimating, for the remaining 
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years the franchise, the excess income over and above that necessary 
cancel all obligations (including interest the physical and busi- 
ness values), and the reduction these several sums basis 
present worth. 

number other articles and papers are listed the Appendix. 
Many these are great value and are well worth careful perusal, 
but they offer definite plan valuation. Inasmuch the general 
principles involved the valuation water-works plant and 
railroad plant are similar, advisable, any exhaustive study 
the subject, review the articles descriptive water-works valuation, 
and matter regret that greater consideration cannot here 
given some the points raised such engineers George 
Benzenberg, Past-President, Am. Soc. E., Kenneth Allen, Arthur 
Adams, Emil Kuichling, Members, Am. Soc. E., and others 
their various papers and discussions this subject. 

The Railway Age, the Railroad Gazette, the Railroad Age Gazette, 
and the Railway Age Gazette contain many editorials and articles 
the valuation railroad properties. These are written mainly from 
the standpoint the railway official, and present many matters 
interest which are worthy study prior undertaking large ap- 
praisal. One series articles the Railway Age Gazette* most 
masterly argument, and regretted that the author has not 
his identity. 

The Michigan valuation has been discussed two papers Mr. 
Charles Hansel, whose connection with the work, member the 
Board Review, gave him probably more intimate knowledge 
than anyone else, not connected with the actual working organization, 
who has undertaken review the work. His first paper, published 
1901,+ entitled, “What the Value Railroad for Purposes 
Taxation?” discussion the work Professors Cooley and 
Adams, written while the subject was fresh his mind. His second 
paper, able argument for Government valuation, appeared 
the North American Review 1907. The one point which special 
attention drawn Mr. Hansel’s astonishing misconception Pro- 
fessor Adams’ plan work. This misleading statement appears 
the first paper and reiterated the second. such character 


with the issue January 22d, 1909. 
The Railroad Gazette, April 19th, 1901, Vol. No. 16, 271. 
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that pass unchallenged would doing great injustice Pro- 
fessor Adams. states Professor Adams’ plan follows: Capitalize 
net earnings and add the present value the physical appraisal 
found Professor Cooley. 

“The result would that case the present value per mile 
determined Professor Cooley found and the net 
earnings Professor Adams are found this capitalized 
per cent. would equal $20000, and added the present value 
would make which would the sum upon which taxes were 
levied. other words, the company actually earns $1000 
increases its value for purposes taxation times that amount. If, 
however, instead having net earning spends that sum 
improving the property, has only increased its taxable property 

This statement not only inaccurate, but involves the other error 
assuming that the appraisal figure was used for taxation. 
was not. was merely information aid the legislature fram- 
ing new taxation laws. The chief error, however, assuming that 
Professor Adams added the value the property, determined 
capitalization net earnings (which per 
method valuation), the value the physical property. This 
error probably due the flood which the time was 
aimed any form non-physical valuation. 

Professor Adams finds the net earning Mr. Hansel’s example 
per mile. From this, the method actually used, deducts 
annuity for the support invested capital, which assumes 
the present value found Professor Cooley. the example given 
Mr. Hansel would deduct $600 per mile, 
leaving $400 per mile surplus, the earnings due non-physical 
elements value. This, capitalized 5%, would give $8000 per 
mile, which, added Professor Cooley’s figure Present Value, 
would make $23000 per mile, instead $35000, stated Mr. 
Hansel. 

The most recent criticism the Michigan valuation work was 
address* before the New York Traffic Club January, 1909, 
Mr. Williams, Third Vice-President the Delaware and 
Hudson Company. This address devoted attack, not only 
the work the Michigan appraisal, but Professor Adams’ work 


Age Gazette, April 2d, 1909, 761. 
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and the propriety valuation work being undertaken for any 
reason. The arguments advanced this address are such that dis- 
cussion them becomes almost necessary any complete review 
the Michigan work, and contains many statements which are 
erroneous that would hardly permissible pass them without 
comment. The manifest impatience with all forms governmental 
interference with corporations, which often characterizes the utter- 
ances prominent railway officials, appears this paper marked 
degree. After stating that the present agitation for physical valua- 
‘tion appears the result misconception, the part the 
Interstate Commerce Commission, Section the Act Regu- 
late Commerce, and quoting Professor Adams’ suggestion in- 
quiry, says: 


“Subsequently, the desire Governor Pingree find means 
railway taxation Michigan gave Professor Adams 
opportunity experiment with his project. within the limits that 


State.” 

This direct imputation improper motive, not only 
Governor Pingree, but Professor Adams. stated elsewhere, the 
investigation was determine whether the railroads were paying 
taxes the same basis valuation other property the State— 
absolutely proper proceeding. Professor Adams 
with the Michigan appraisal, but had connection whatever with 
the “physical valuation,” which such objection taken, and his 
appointment was made after the work physical valuation had been 
fully outlined and was well under way. 

The opening statement followed brief résumé the recom- 
mendations the Interstate Commerce Commission and President 
Roosevelt, and bills introduced Congress, also quotations from 
Bulletin 21, the methods valuation used Michigan 
and showing that practically similar basis was used .other 
States. Mr. Williams then summarizes his objections the Michigan 
work: 

allowance made for discount securities sold. 

“Discount partial capitalization the commercial risk had 
making the investment, and decreases proportion 
the probability the earning power money under existing condi- 


tions. Not only this practice justified long-established commer- 
cial usage, but also judicial determination.” 
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The correctness this position cannot conceded any grounds 
elsewhere referred to, follows: 


“There considerable diversity opinion regards the proper 
treatment discount securities sold. There distinction be- 
tween bonds, representing corporate indebtedness and having definite 
limitation the time their redemption, and share repre- 
senting ownership and which rule irredeemable. relation 
the former there can but one tenable view. company can 
market its 50-year per cent. bonds per cent. par, means 
that the company’s credit per cent. basis; that could 
market like security paying per cent. par. elects issue 
the lower rate merely sacrificing principal for the sake 
reduction the annual interest charge; other words, pre- 
paying interest which would accrue during the life the issue. 
$10 000 000 par value were issued per cent., the discount would 
and the saving interest $50000 per year, 
$2500000 years. Obviously the company cannot claim the 
privilege capitalizing the discount, while thereby availing itself 
the reduction interest. such course were legitimate the case 
were per cent., when the absurdity the proposition would 
perfectly apparent. The somewhat general practice prorating 
the discount, charge against revenues, over the term the obliga- 
tion’s existence sound; but this should done, not equal install- 
ments, but the basis the appreciated value the bond 
approaches par maturity. There apparent objection charg- 
ing discount this nature lump sum against accumulated 
surplus. The capitalization discount stocks, involving does 


the introduction fictitious values assets, wholly inde- 
fensible.” 


The writer has failed note any particular “judicial determina- 
tion” which approves the charge any such item capital account. 

“(2) The interest during construction per cent.) less than 
fair and reasonable return the investment.” 

The amount actually paid out for interest money used during 
the period construction will vary, course, depending the time 
and the way which payments construction mate- 
rials are made. the basis rate per annum and con- 
struction lasting one year, only very small portion the construc- 
tion cost will pay 6%, while the great items rails, buildings, motive 


*Railroad Age Gazette, January 29th, 1909, 219. 
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power, and equipment will put into the work from days 
months after the commencement work, and will actually bear but 
little interest. the Michigan appraisal the assumption was made 
that all work must replaced one year, and that long roads 
partial operation would commence various sections the line were 
completed; and was agreed fair average, perhaps having 
mind Governor Pingree’s “desire increase railway taxation.” 
Some assumption must made. This one, that long roads, covering 
several years construction work, are Michigan put partial 
operation soon built, not unreasonable. Such assumption 
clearly would not proper the case long lines crossing moun- 
tains, involving such class construction make impossi- 
ble complete the property short two three years; and, any 
such cases, the interest charge should made sufficient cover. 


“(3) allowance made for working capital with which carry 
the business.” 


All the appraisals physical property have been made the 
basis securing figure representing the cost reconstructing the 


property the condition which existed the date the ap- 
praisal, including only items properly chargeable capital, cost 
road, and equipment. This not such item. The writer the 


opinion, however, that proper one determine and include 
any report. 


“(4) allowance made for wear and tear material during 
the period construction. Assuming eight years the life 
tie, and three years the period construction, substantial percentage 
the period usefulness over before the road operation. 
The use the rails before the track put proper line and surface 
hastens the time when they must removed.” 

This deterioration necessary incident any construction 
work. has not been customary usual take it. 
add the amount account this item would mani- 
festly improper. The only way which this could cared for would 
adjustment the depreciation reserve when raised cover 
that which takes place during the construction period. This reserve, 
later the address, objected Mr. Williams improper ac- 
counting: 


allowance has been made for impact and adaptation. 
After the line placed operation, each fill will sink ft. for every 
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ft. height. The slope cuts must increased prevent land- 
slides and washouts. The ballast will pound into the roadbed, necessi- 
tating additional ballast secure standard cross-section.” 

Part this objection covered the item, “Appreciation 
Roadbed,” discussed elsewhere. This, perhaps, proper item, but 
comparatively small one. One the examples cited clearly main- 
tenance. This objection largely covered the Michigan work 
the item. 


“(6) uniform price for earthwork was used, thus ignoring the 
varying soil and length haul.” 

This erroneous. the Michigan appraisal prices were used 
for earth, loose rock, and solid rock. There practically classifica- 
tion the Southern Peninsula Michigan, or, fact, 90% 
the mileage the State. The price used was not much out the way 
when considered fair average for the territory. The same was 
apparently true other appraisals. would not proper figure 
use estimate based 1909 prices, which are materially 
greater than those obtaining 1890-1900. 


uniform price list for all materials was used, thus ignoring 
the source supply and cost delivery point use.” 

This, again, not true. Differences were made between the Upper 
and Lower Peninsulas; and exhaustive study was made rates 
different sections. believed that the prices adopted took all these 
points fully into consideration. true that effort was made 
use different unit prices between counties, but, number 
cases, differences prices were made for different sections the 
traffic rates, seemed warrant. 


“(8) allowance was made for interference with work ac- 
count labor troubles, condition the weather, which would 
vary materially the different counties the same state.” 

True. Nor such allowance ever made actual construction, be- 
yond the contingency item. Such items are frequent source 
annoyance, delay, and sometimes expense, but expense difficult 
separate and set up, and clearly belonging contingencies. 


“(9) allowance made for carrying charges until such time 
the road was placed revenue basis.” 


True; and such item not part physical appraisal. 
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The foregoing nine points are classed “among other things” 
open criticism. The next two quoted paragraphs are introduced 
indicate the “other things” they appear. These are mainly non- 
physical intangible elements value, which, under the method 
Professor Adams, are treated bloc, and which, from their nature, 
would impossible set out and value separately; therefore, 
effort made answer them point point, further than say 
general that, there any value attaching these items, was 
presumed have been disclosed the method Professor Adams, 
and suggest further that had Professors Cooley and Adams had 
such advocate intangible values ten years ago, their labors would 
have been lightened, all arguments railway officials that time 
were against the use any such elements value appraisal. 


has been given the leasehold interests. 
many questions vitally affecting the value the property without 
regard its value ‘going concern.’ 

“There should difference the basis arriving the value, 
‘going concern,’ the property railway and any industrial 
establishment, nor should there any difference the basis valua- 
tion for taxation [exactly what Governor Pingree maintained] 
other purposes. There common both the value due location, 
good will, ete.” 


While the remainder the address question contains specific 
criticisms methods valuation, does into discussion 
sundry legal decisions; and conclusions are drawn quite variance 
with those set forth elsewhere this paper. The thing most noticeable 
the entire address the lack proper spirit fairness, 
apparent inability state fully and fairly the position the men 
whose views are being opposed, and undue emphasis quoting 
some public official whose views coincide for the time being with the 
theories which are being advocated. The fact that Mr. Williams 
quotes from address Hon. Robert Shields, President the 
Michigan Tax Commission, statement criticising the work Pro- 
fessors Cooley and Adams, illustrates the latter point. 

The statement made again and again that the Michigan work 
was physical valuation; that attempt was made secure “fair 
value” (the language the Courts), and that the value going 
concern was not attempted given. the statement 
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made that Professor Cooley had charge the physical valuation 
Michigan, and that Professor Adams took this physical valuation, and, 
under his method, treated one element, and with and other 
data derived from study the reports and earnings the company, 
undertook determine “non-physical,” “intangible,” 
“going concern” value, which included all tangible elements, and 
which, added the physical value, was assumed Professor Adams 
give the true value. Had such statement been fairly made, 
possible objection could raised the making any number 
points against the correctness the methods used Professor Adams. 


“Certainly cannot denied that road between New York and 
Chicago, 950 miles length, passing through manufacturing dis- 
trict, greater value than road 200 miles length, between 
the same cities, but passing through hilly and undeveloped territory 
portion the distance, and through farming section for greater 
portion the remaining distance; yet the advocates physical 
valuation would have believe that there difference the value 
the two they can reproduced to-day the same cost.” 


This statement entirely unfair every man who has been 
responsible charge valuation work recent years the United 
States. theory has ever been favored any honest-thinking 
advocate valuation. the first place, interstate valuations 
have ever been made, and parallel case the one assumed 
found, except for very short sections roads, very marked 
instance having been referred elsewhere this paper. Such con- 
dition assumed would reflected the earnings the companies 
such extent cause the non-physical element Professor 
Adams used Michigan correct largely wholly the inequality 
and inaccuracy the physical valuation; such least was the theory, 
and, carried its logical end the use negative non-physical 
values, such would the result. 

The final arguments Mr. Williams’ address are devoted 
attack the plan outlined the Interstate Commerce Commission 
for valuation, and some the accounting methods the Com- 
mission—points not proper discussed this paper—but 
difficult indeed read them without noting the apparently studied 
misrepresentation the real attitude Professor Adams and the 
Commission, and the evident object the entire address create 
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wrong impression regarding what has been done, and prejudice 
against the men who have been engaged State appraisal work and 
those who advocate the appraisal properties proper step the 
way securing such information will enable intelligent con- 
sideration the great corporation problems that must solved. 


VALUATION THE 


The preceding narrative methods appraisal work logically 
leads the question: Will these methods that have been adopted 
various appraisal undertakings stand the test the Courts? After 
all, the final seal approval must stamped method the 
highest Courts before can said definitely fixed and deter- 
mined principle for general use valuation. 

careful perusal many papers this subject, quotations 
from judicial decisions will noted which are literally correct far 
they go, but which are incomplete and often very misleading; and 
often such incomplete quotations are presented convey 
entirely wrong impression the full decision. order that such 
charge may lie against this paper, the quotations given are full enough 
indicate clearly the intent the Court, even the expense 
undue length. 

examination all Federal and Supreme Court cases which 
bear the subject property valuation has been made, and quota- 
tions length from some the older cases, establishing precedent, 
together with citations more recent decisions, are submitted. 
believed that the points principle and method, far they 
have been determined the highest Courts, are quite fully set forth. 

study the complete methods the railroad valuation Mich- 
igan, connection with these decisions, discloses the fact that they 
comply with the requirements the earlier cases that all matters 
affecting value taken into consideration, and that the more recent 
decisions the detailed methods adopted the Cooley physical appraisal 
have been sustained very many points. have any 
such methods been unfavorably and, while this date the 
Supreme Court has not squarely passed the propriety any 
method for securing non-physical intangible values, has fully 
sustained the general position Professor Adams several important 
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points. addition the complete examination Federal cases, 


certain very interesting and valuable State cases have been examined, 
and some them are quoted. 

These cases involve both matters taxation and rate making. They 
cover railroads, water-works, gas-works, and other classes public 
service corporations, and clearly demonstrate the fact that any analysis 
the subject property valuations must include all classes cor- 
porations. Rate making and taxation themselves are entirely sep- 
arate and distinct from valuation, which necessary preliminary 
step either undertaking. For this reason all references which are 
not special interest the valuation part the problem are 
omitted. 

The case Smyth vs. Ames (169 S., 466) was action 
question the constitutionality statute Nebraska establishing 
rates. great interest, and, based the ruling the Court 
this case, the appraiser Washington and the appraisers 
Nebraska have undertaken secure first cost element value. 
The decision holds that: 


(1) railroad corporation person within the meaning 
the fourteenth amendment. 

(2) State enactment establishing rates that will not admit the 
carrier earn such compensation would just and 
the public, would deprive such its property and 
would repugnant the fourteenth amendment. 

(3) Rates established State cannot conclusively deter- 
mined the legislature that they cannot become the sub- 
ject judicial inquiry. 


The reasonableness rates prescribed State for intra-state 
business must determined without reference the interstate busi- 
ness done the the profits derived from that business. 

This paper not concerned with the question rates which 
discussed length this decision. is, however, special interest 
note what the Court says regard the relation the corpora- 
tions the people, and elements value. 

railroad public highway, and none the less because con- 
structed and maintained through the agency corporation deriving 


its existence and powers from the State. Such corporation was 
created for public purposes. performs function the State. Its 
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authority exercise the right eminent domain and charge tolls 
was given primarily for the benefit the public. under govern- 
mental control, though such control must exercised with due 
regard the constitutional guaranties for the protection its prop- 
erty. cannot therefore admitted that railroad cor- 
poration maintaining highway under the authority the State may 
fix its rates with view solely its own interests and ignore the 
rights the public. But the rights the public would ignored 
rates for the transportation persons property railroad are 
exacted without reference the fair value the property used for the 
public, the fair value the services rendered, but order simply 
that the corporation may meet operating expenses, pay the interest 
its obligations, and declare dividend stockholders. 

“Tf railroad corporation has bonded its property for amount 
that exceeds its fair value, its capitalization largely fictitious, 
may not impose upon the public the burden such increased rates 
may required for the purpose realizing profits upon such 
excessive valuation fictitious capitalization, and the apparent value 
the property and franchises used corporation, represented 
its stocks, bonds, and obligations, not alone considered when 
determining the rates that may reasonably charged.” 


(The Court here quotes 164 S., 578, Covington and Lexington 
Turnpike vs. Sanford.) 


corporation maintaining public highway, although owns the 
property employs for accomplishing public objects, must held 
have accepted its rights, privileges, and franchises subject the con- 
dition that the government creating it, the government within 
whose limits conducts its business, may legislation protect the 
people against unreasonable charges for the rendered it. 
cannot assumed that any railroad corporation, accepting fran- 
chises, rights, and privileges the hands the public, ever sup- 
posed that acquired, that was intended grant it, the 
power construct and maintain public highway simply for its 
benefit, without regard the rights the public. But equally 
true that the corporation performing such public services, and the 
people interested its financial affairs have rights that may not 
invaded legislative enactment disregard the fundamental 
guaranty for the protection property. The corporation may not 
required use its property for the benefit the without 
receiving just compensation for the services rendered it. How such 
compensation may ascertained, and what are the necessary elements 
such inquiry, will always embarrassing question. 

“We hold, however, that the basis all the 
reasonableness rates charged corporation maintaining 


; or 
| 
1 


THE VALUATION PUBLIC SERVICE PROPERTY 1483 


highway under legislative sanction must the fair value the 
property being used for the convenience the public. And 
order ascertain that value the original cost construction, the 
amount expended permanent improvements, the amount and market 
value its bonds and stocks, the present compared with the original 
cost construction, the probable earning capacity the property 
under particular rates established the statute, the sum required 
meet operating expenses, are all matters for consideration, and are 
given such weight may just and right each case. 
not say that there may not other matters regarded esti- 
mating the value the property. What the company entitled 
ask fair return upon the value that which employs for the 
public convenience. the other hand, what the public entitled 
demand that more exacted from for the use public 
highway than the services rendered are reasonably worth.” 


The body this decision quoted length show: 


First. That the Court reiterates the relation the people the 
corporation, defined Covington and Lexington Turnpike 
Road vs. Sanford (164 578) and Stone vs. Farmers’ 
Loan and Trust Company (116 S., 307). 

Second. That the basis for computing fair rate the fair value 
the property, which must arrived computation 


series computations taking into account many different 


factors. 
Third. That while the Court mentions certain things that may 
serve indices value, which are taken into account 
and given due weight, the Court does not outline define any 
method arriving value, but does recognize 
embarrassing question. 
Fourth. That such stress has been laid the Court original 
cost has been construed some appraisers. 


The principles enunciated Smyth vs. Ames are reiterated the 


Court San Diego Land Company vs. National City (174 S., 739), 
with the further ruling: 


“The contention the appellant the present case that, 
ascertaining what are just rates, the Court should take into consid- 
eration the cost its plant; the cost per annum operating the 
plant, including interest paid money borrowed 
necessary used constructing the same; the annual depreciation 
the plant from natural causes resulting from its use; and fair 


| 
q 
| 
= 
\ 
ight 


1484 THE VALUATION PUBLIC SERVICE PROPERTY 


profit the Company over and above such charges for its services 
supplying the water consumers, either way interest the 
money has expended for the public use, upon some other fair 
and equitable basis. Undoubtedly, all these matters ought taken 
into consideration and such weight given them, when rates are being 
fixed, under all the circumstances will just the company and 
the public. The basis calculation suggested the appellant 
is, however, defective not requiring the real value the property 
and the fair value themselves the services rendered taken 
into consideration. What the company entitled demand, order 
that may have just compensation, fair return upon the reason- 
able value the property the time being used for the public. 
The property may have cost more than ought have cost, and its 
outstanding bonds for money borrowed, and which went into the plant, 
may excess the real value the property. that cannot 
said that the amount such bonds should every case control the 
question rates, although may element the inquiry 


what is, all the considered, just both the company 
and the public.” 


the case Columbus Southern Railway vs. Wright (151 
479), the Court quotes approvingly from Franklin Company vs. Rail- 
road (12 Lea (Tenn.), 521-537-538-539), and shows that the doctrine 
quoted had already been enunciated the Supreme Court the 


State Railroad Tax Cases (92 S., 575-607). The Court quotes 
follows: 


“The property railroad company for purposes taxation con- 
sists its realty, its local personalty, its rolling stock, its choses 
action, and its franchises. The franchise privilege conferred 
the charter incorporation, namely the right exercise all the powers 
granted the mode prescribed for the purpose profit. unit 
not confined any one county which may exercised. 

* * * * * * * 

“Obviously, after ascertaining the value the entire franchise 
the State unit, more approximate just division this value 
can made for purposes taxation than allot among the coun- 
ties through which the track runs proportion the entire length 
track the county the entire length track the State. 

“The roadway itself railroad depends for its value upon the 
traffic the company and not merely upon the narrow strip land 
appropriated for the use the road, and the bars and cross-ties thereon. 
The value roadway any given time not the original cost, nor, 
fortiori, its ultimate cost after years expenditure repairs and 
improvements. the other hand, its value cannot determined 
ascertaining the value the land included the roadway assessed 
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the market price adjacent lands, and adding the value the cross- 
ties, rails, and spikes. The value land depends largely upon the 
use which put and the character the improvements upon it.” 


The mileage basis apportionment sustained the following 
and other cases: 


State Railroad Tax 608 
Delaware Railroad Tax 206 
Erie Railway vs. Wall., 492 
Western Union Telegraph Company vs. 530 
Pullman Palace Car Company vs. Pennsylvania. .141 S., 
Main vs. Grand Trunk Railway............142 217 
Pittsburg, Cincinnati, Chicago and St. Louis 


Therefore this basis division values between territorial units 
appears well established precedent. This measure un- 
fortunate, certain classes property cannot apportioned equitably 
this way, unless the value railroad determined, and then 
that value allocated between different territorial units propor- 
tion mileage, without any regard the location any structure 
series structures any State county, the track mileage basis 
must looked upon method apportionment which subject 
modification which will lead error. 

Indiana tax case, Cleveland, Cincinnati, Chicago, and St. 
Louis Railway vs. Backus (154 S., 444), the late Justice Brewer, 
the Supreme Court, handing down the judgment, said: 


“The true value line railroad something more than 
aggregation the values the separate parts it, operated separ- 
ately. the aggregate those values plus that arising from con- 
nected operation the whole, and each part the road contributes 
not merely the value arising from its independent operation, but its 
mileage proportion that flowing from continuous and connected 
the use which put, and varies with the profitableness that 
use, past, present and prospective, actual and anticipated. There 
pecuniary value outside that which results from such use. 

“In the nature things practically impossible, least 
respect railroad property, divide its value and determine how 
much caused one use which put and how much 
another. Take the case before us, impossible disintegrate the 
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value that portion the road within the State Indiana and 
determine how much that value springs from its use doing 
interstate business and how much from its use doing business 
wholly within the State. attempt would entering upon 
mere field uncertainty and speculation.” 
the Michigan cases, the principal one being Michigan Central 
Railroad vs. Powers (201 S., 245), the question method valua- 
tion was not passed the Courts for the reason that, after the 
evidence was in, and during the argument, counsel for the railroad 
admitted that the Cooley valuation was correct figure was 
possible secure under then existing conditions, methods and rates 
taxation being the issue. 
thus seen that the Supreme Court the United States was 
not, any the earlier cases, required pass squarely the lik 
propriety any method arriving “fair value,” and conse- 
quently had not, prior 1909, defined any hard and fast rules 
procedure determining such value. The Circuit Courts have passed 
kindred questions few cases, among which San Diego Land 
and Town Company vs. National City (74 Fed., 83), and San Diego 
Land and Town Company vs. Jasper (110 Fed., 714) hold above, 
and cite most the cases referred to. the latter case the Court 
says: 
“The actual value such property obviously depends upon variety 
considerations—among them the actual and prospective number 
consumers—and more unchangeable than the value any other 
kind property.” 
illustration, there cited the effect year’s drouth 
irrigation plant temporarily affecting the value property. 
the case Cotting vs. Kansas City Stock Yards (82 Fed., 839) 
the Circuit Court touches one very interesting argument, the 
light some the methods valuation advocated railway man- 
agers and some the criticisms recent valuation work. 
“Different methods estimating the value property may properly 
employed when valued for different purposes. When valua- 
tion placed property which has become affected use, 
for the purpose ascertaining whether the maximum rate com- 
pensation fixed law for its use reasonable otherwise, 
obvious that the income derived therefrom the owner before 


subjected legislative control cannot always accepted 
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proper test value because the compensation which the owner charged 
for its use may have been excessive and unreasonable. Again, when 
property has been capitalized issuing stock, neither the market 
value nor the par value the stock can accepted all cases 
proper criterion value, because the stock may not represent the 
money actually invested, and furthermore because the property may 
have been capitalized mainly with reference its income producing 
capacity, the assumption that ordinary private property which 
the owner may use thinks proper without being subject 
legislative control. the other hand, however, when property 
valued for the purpose last stated, clear that the owner thereof 
entitled the benefit any appreciation value above the 
original cost and the cost improvements, which due what may 
termed natural causes. improvements made the vicinity the 
property, the growth city town where located, the building 
railroads, the development the surrounding country and other 
like causes, give property increased value, the owner cannot deprived 
such income legislative action which prevents him from realizing 
income commensurate with the enhanced value his 


The language the late Judge Brewer, sitting one the 
judges the case National Water-Works Company vs. 
Kansas City (62 Fed., 853), definite the necessity taking 
into account some elements intangible value, and here quoted 
giving the views this eminent jurist: 


“The difficult question, however, still remains; and that is, what 
the ‘fair and equitable value,’ which the statute and ordinance 
the city pay for the water-works? are not satis- 
fied that either method, itself, will show that which under all the 
circumstances can adjudged the ‘fair and equitable value.’ 

“Capitalization earnings will not, because that implies continu- 
ance earnings, and.a continuance earnings rests upon franchise 
operate the water-works. The original cost construction cannot 
control, for original cost and present value are not equivalent terms. 
Nor would the mere cost reproducing the water-works plant 
fair test, because that does not take into account the value which 
flows from the established connections between the pipes and buildings 
the company has, without single connection between the pipes the 
streets and the buildings the city would property much less 
value than the system connected with many buildings and 
earning, consequence thereof, the money which does earn. The 
fact that system operation, not only with capacity 
supply the city but actually supplying many buildings, the city— 
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not only with capacity earn but actually earning—make true 
that the ‘fair and equitable value’ something excess the cost 
reproduction.” 
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The foregoing authorities cover practically all the older cases 


the Federal Courts. These cases have been examined, and such the 
subject matter has been quoted would show the conclusions the 
Courts what constitute the various elements true value. The 
latest Federal decision bearing the subject, and many ways the 
most replete with argument, the case Consolidated Gas Company 
vs. City New York (157 Fed., 849), which was decided 
December, 1907. 


this case the valuation was determined the master: 


valuation tangible assets, consisting real estate, plant, 
mains, services, meters and miscellaneous equipment, and the 
property subsidiary companies, the whole aggregating 
$63 357 000. this allowance 616000 was made 
the master for working capital, and this entire amount was 
treated tangible property. 

2.—Finally, intangible value $20000 000 was assigned 
him the franchise and good will. 

Objections were raised, follows: 

(A) Land values represent original investment the Com- 
pany, not indicate land especially appropriate for the 
manufacture gas, and increase the apparent assets without 
increasing the earning power. 

(B) The values physical property are not original cost, but are 
cost reproduction less depreciation. 

(C) Some the property cost more than new articles the same 
kind the time inquiry. Some are designs not now 
favored the scientific and manufacturing world. 


The disputed questions involved, far tangible property 


concerned, were: 


1.—Whether the values ascribed the several enumerated items 
are based competent and persuasive evidence. 

the method valuation pursued the master 
accordance with law. 

3.—Whether the items property are “employed” (in the legal 

signification the word) the production gas. 
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The first, question fact, found affirmatively, and the evidence 
was found competent. 


The second question one law, and, quoting from the cases 
cited this paper, the Court holds follows: 


“This method valuation correct reason seems 
clear that solving this equation the plus and minus quantities 
should equally considered and appreciation and depreciation treated 
alike. The value the investment any manufacturer, 
plant, factory, goods, all three, what his possessions would 
sell for upon fair transfer from willing vendor willing buyer, 
and can make difference that such value affected the efforts 
himself others, whim fashion, (what really the same 
thing) the advance land values the opinion the buying 
public. equally immaterial that such value affected 
culties reproduction. true that pipe line under the New 
York 1907 worth more than was pipe line under the city 
1827, then the owner thereof owns that value, and that such advance 
arose wholly partly from difficulties duplication created the 
city itself matter moment. Indeed, the causes either appre- 
ciation depreciation are alike unimportant the fact value 
conceded proved; but that ultimate inquiry oftentimes diffi- 
cult that original cost, and reasons for changes value, become legiti- 
mate subjects investigation checks upon expert estimates, book- 
keeping, inaccurate and perhaps intentionally misleading. 

“The so-called money real personal property but 
conveniently short method expressing present potential usefulness, 
and becomes meaningless construed mean what the 
thing invested cost generations ago. Property, whether real per- 
sonal, only valuable when useful. Its usefulness commonly depends 
the business purposes which may applied: Such busi- 
ness living thing, and may flourish wither, appreciate depre- 
ciate; but, whatever happens, its present usefulness, expressed finan- 
cial terms, must its valuee not inferred that 
any American government intended when granting franchise, not 
only regulate the business transacted thereunder, and reasonably 
limit the profits thereof, but prevent the valuation purely private 
property the ordinary economic manner, and the property now 
under consideration much private property are the belongings 
any private citizen. Nor can inferred that such government 
intended deny the application economic laws valuation 
increments earned unearned, while insisting usual results 
thereof the case equally unearned and possibly unmerited depre- 
ciation. 

think the method valuation applied the report land, 
plant, mains, services, and meters lawful. ‘working capital, Coke 
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and Coal Company, and Astoria’ the above considerations are not 
applicable, and these items will treated separately.” 


The Court’s review the third question raises points special 
interest valuation. 


The question amount “working taken up, and 
that term defined as: 


“The amount cash necessary for the safe and convenient trans- 
action business, having regard the owner’s ordinary outstand- 
ings both payable and receivable, the ordinary condition his stock, 
supplies hand, the natural risk his business, and the condi- 
tion his credit; and unless these matters, and perhaps others, 
looked into, comparison can drawn between one business and 
another, even between those the same general nature.” 


this instance interest note that the Court reduced 
the “working capital” from 000. 

Perhaps the most novel and interesting part this decision that 
dealing with the intangible elements value. The master was unable 


separate the two elements, good will and franchise value, but gave 
their combined value. 


“From the testimony think apparent that what here meant 
good will the organization complainant, long established, and 
doubtless well manned and equipped. Such organization clearly 
value, because without neither tangible nor intangible property 
can profitably managed. Yet the organization itself but method 
utilizing that which invested, really dependent for its exist- 
ence and continuance upon the franchise, without which there can 
useful organization. Tangible property has certain value entirely 
apart from franchise right continue business, but good will 
the sense the organization for the business furnishing gas, can 
have existence whatever apart detached from the franchise 
conferring the necessary privilege. Would any one think capitaliz- 
ing good will this kind and distributing its assumed value the 
shape new shares among stockholders new old? think the most 
ingenious financier could not imagine such proceeding, and, this 
good will not property capable such capitalization and distribu- 
tion, not think property capable capitalization against the 
State. 

“Finally, this claim good will seems forget that for many 
years the price and distribution complainant’s gas has been regulated 
law. citizen entitled have clean street before his house 
because pays taxes, inter alia, for that purpose. much more 
plainly entitled have complainant’s gas his house because the 
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company must give him pays for it. think apparent 
that the conceivable good will gas company this city about 


equal that the street-cleaning department the municipal 
government.” 


public service corporation entitled add the value its fran- 
chise the assets from which fair return may lawfully demanded? 
This question taken and discussed exhaustively the Court 
(157 Fed., 872 879), and while clear reading his judgment 
that does not believe sound doctrine invest franchise with 
value, yet, after citing large number cases, reaches the con- 
clusion that “compelled” consider franchises, not only prop- 
erty, but productive and inherently valuable property, and add 
their value, ascertainable, complainant’s capital account before 
declaring the rate 

This case went the Supreme Court the United States, where, 
under the title Willcox vs. Consolidated Gas Company (212 19), 
citation made many cases connection with the matter fran- 
chise value. The decision the Court is: 


“The value real estate and plant considerable extent 
matter opinion, and the same may said personal estate when 
not based upon the actual cost material and construction. Deteriora- 
tion the value the plant, mains, and pipes also some extent 
based upon opinion. All these matters make questions value some- 
what uncertain.” 


The Supreme Court permitted the tangible values found the 
lower Court stand. concurred with the lower Court that was 
not for valuation good will. concurred with the lower 
Court holding that the company was entitled the benefit any 
increase tangible values, and that such increases should appear the 
appraisal. did not agree with the Court the increase fran- 
chise value above that which was capitalized 1884, with the consent 
the State New York, and the franchise value figure 
this basis, the estimated return, under the new rate 
the valuation $55 612 435, was 54%, which rate, view all the 
able return the investment. The franchise value, commented 
these cases, referred considerable length the following 
pages. 
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January 4th, 1909, the case Knoxville vs. Water Company 
(212 was decided. This, some respects, greater value 
the engineer than any others cited, its determination methods. 
this the appraisement the tangible property was made minute 


detail, the sum $10000 was added for “organization, promotion, 
and for “going concern.” 


“The latter sum understand expression the added 
value the plant whole over the sum the values its 
component parts, which attached because active and 
successful operation and earning return. express opinion 
the propriety these two items the valuation the plant for the 
purpose for which was valued this case, but leave that question 
considered when necessarily arises. assume without decid- 
ing, that these items were properly added this case. This valuation 
was determined the master ascertaining what would cost 
reproduce the existing plant new plant. The cost reproduc- 
tion one way ascertaining the present value plant like that 
water company, but that test would lead obviously incorrect 
results the cost reproduction not diminished the depreciation 
which has come from age and use. The cost reproduction 
not always fair measure the present value plant which 
has been use for many years. The items composing the plant 
depreciate value from year year varying degree. Some 
pieces property, like real estate for instance, depreciate not all, 
and sometimes, the other hand, appreciate. But the reservoirs, the 
mains, the service pipes, structures upon real estate, stand-pipes, 
pumps, boilers, meters, tools, and appliances every kind begin 
depreciate with more less rapidity from the moment their first 
use. not easy fix any given time the amount deprecia- 
tion plant whose component parts are different ages with dif- 
ferent expectations life. But clear that some substantial allow- 
ance for depreciation ought have been made this case. 

“The company’s original case was based upon elaborate analysis 
the cost construction. arrive the present value the 
plant large deductions were made account the depreciation. 
This depreciation was divided into complete depreciation and incom- 
plete depreciation. The complete depreciation represented that part 
the original plant which through destruction obsolescence had 
actually perished useful property. The incomplete depreciation 
represented the impairment value the parts the plant which 
remained existence and were continued use. was urgently 
contended that fixing upon the value the plant upon which the 
company was entitled earn reasonable return, the amounts 
complete and incomplete depreciation should added the present 
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value the surviving parts. The Court refused approve this 
method, and think properly refused. water plant with all 
its additions begins depreciate value from the moment its 
use. Before coming the question profit all the company 
entitled earn sufficient sum annually provide not only for cur- 
rent repairs but for making good the depreciation and replacing the 
parts the property when they come the end their life. The 
company not bound see its property gradually waste, without 
making provision out earnings for its replacement. entitled 
see that from earnings the value the property invested kept 
unimpaired, that the end any given term years the original 
investment remains was the beginning. not only the 
right the company make such provision but its duty 
its bond and stockholders, and, the case public service cor- 
poration least, its plain duty the public. different course 
were pursued the only method providing for replacement prop- 
erty which has ceased useful would the investment new 
capital and the issue new bonds however, 
company fails perform this plain duty and exact sufficient 
returns keep the investment unimpaired, whether this the result 
unwarranted dividends upon over issues securities, omission 
exact proper prices for the output, the fault its own. When, 
therefore, public regulation its prices comes under question, 
the true value the property then employed for the purpose 
earning return cannot enhanced consideration the errors 
the management which have been committed the past.” 


The Court holds that there was error only considering the opera- 
tions the company for period one year, and that this should 
have extended enough time remove danger abnormal business 
conditions and observe the effects certain ordinances. 

The decision the Supreme Court, the Omaha Water-Works 
case, decided May 31st, 1910 (Supreme Court Reporter, July 
1910), general interest its discussion the procedure 
appraisers making water-works appraisal, and the distinction 
drawn between appraisals and arbitrations; but does not touch 
appraisal methods elements value, except discuss “going 
values.” The language Judge Lurton this point follows: 


“The option purchase excluded any value account unex- 
pired franchise, but did not limit the value the bare bones 
the plant, its physical properties, such its lands, its machinery, its 
water-pipes settling reservoirs, nor what would take repro- 
duce each its physical features. The value, equity and justice, 
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must include whatever contributed the fact the connection 
the items making complete and operating plant. 

“The difference between dead plant and live one real value, 
and independent any franchise on, any mere good will 
between such plant and its customers. That kind good will, 
suggested Willcox vs. Consolidated Gas Company (212 
19), little commercial value when the business is, here, 
natural monopoly, with which the customer must deal, whether 
will not. That there difference between even the cost dupli- 
cation, less depreciation, the the water com- 
pany plant and the commercial value the business going 
concern evident. Such allowance was upheld National Water 
Works Company vs. Kansas City (62 Fed., 853), where the opinion 
was Mr. Justice Brewer. [This decision quoted the foregoing 
pages.| can add nothing the reasoning the learned Justice, 
and shall not try to. That case has been approved and followed 
Gloucester Water Supply Company vs. Gloucester (179 Mass., 365, 
and E., 977), and Norwich Gas and Electric Company vs. 
Norwich (76 Conn., 565). such question was considered Knox- 
ville Water Company (212 S., vs. Consolidated 
Gas Company (212 19). Both cases were rate cases and did not 
concern the ascertainment value under contracts sale.” 


The writer does not read into the language this decision 
approval separate element value called “going concern 
value” “going value” addition other non-physical values, but 
rather recognition the fact that certain non-physical elements 
value, whatever name they may called, must taken into 
account arriving the fair and equitable final figure value 
live and operating concern for the purpose carrying out contract 
sale. 

appears doubtful whether the Court can construed 
approving such element value rate cases. 

thus appears that the United States Courts have laid down 
few rules, which may regarded fixed and definite and must 
followed, but that many important questions have not yet been 
decided. The value determined must “fair value” the 
property being used for the convenience the public. The par value 
stocks and bonds may not alone considered (although may 
considered), the market value stocks and bonds, original cost plus 
cost additions, the probable earning capacity, the cost reproduc- 
tion, depreciation, appreciation, all these, and any others that will 
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throw light the “fair value” must taken into account and given 
the weight which they are entitled. Any fictitious book values due 
over-issues stock and bonds are given weight, but the 
appraisal must give the fair value, the light all the facts, the 
property actual use the time the appraisal. 

There are several decisions the State Supreme Courts which 
discuss these subjects, but examination number these gives 
practically nothing more, the way definite conclusions 
method, than has been cited. Perhaps the most complete and pains- 
taking consideration appraisal problems any Court was that 
given Judge Savage the Supreme Court Maine (97 Maine, 
185, and Maine, 371). These were neither rate cases nor taxation 
cases, but proceedings under statute require from the Court instruc- 
tions board appraisers appointed value the plants. the 
later Brunswick case, Judge Savage elucidates number points 
left not altogether clear the Waterville case. The Brunswick 
decision contains some interesting views “going value,” and the 
Court’s remarks the general difficulties making rules for 
appraisement are exactly the point: 


“There are many difficulties, not dangers, attempting 
formulate rules which are applied facts not yet ascertained. 
While may easy enough state rules the abstract, much 
more satisfactory opinion the court, express them terms 
which are applicable the facts the precise case hand. 
must always understood that our answers these questions are 
intended given only the most general and comprehensive 
terms, which may, may not, found fitted the facts which 
may subsequently developed. other course would wise 
value independent the amount rates, which for the time being 
may changed. public service company may, under some cir- 
cumstances, required perform its services rates prohibitive 
fair return its stockholders, considering their property invest- 

“Now, what the property which the district has taken power 
eminent domain? the first place structure, pure and 
simple, consisting pipes, pumps, engines, land rights, and water 
rights. structure, has value independent any use, right 
use, where is, value probably much less than cost, unless it. 
can used where is, that is, unless there right use it. Never- 
theless, has value structure. But, more than this, struc- 
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ture actual use, use remunerative some extent. has cus- 
tomers, actually engaged business, going concern. The 
value the structure enhanced the fact that used in, 
fact essential to, going concern business. speak sometimes 
going concern value is, could be, separate and distinct 
from structure value—so much for structure and much for going 
concern. But this not accurate statement. The going concern 
part has existence except characteristic the structure. 
ture whose value affected the fact that use. There only 


one value. the value the structure being used. That all 
there it.” 


The Court then argues that, the structure being used under 
authority and virtue franchises, more valuable. The fran- 
chise, however, limited; other and competing franchises may 
granted; franchise may exist entirely independent structure. 
holds that the structure more valuable with the franchise. 


“Tt structure actual use, and with right the part 
the owner use and charge reasonable rates customers for 
services rendered. threefold discussion but single 
substance.” 


This case largely taken with discussion the reasonable- 
ness rates which furnish basis for the estimate value. There 
specific attempt describe methods procedure. That left 
the appraisers. These two Maine Cases, together with valuable 
thereon Leonard Metcalf, Am. E., constitute 
extremely valuable addition the literature appraisements. 

clear, from study all the cases referred this paper, 
that the Courts have laid down line precedent which equitable 
and just, that the interests both and corporations will safe- 
guarded, and that the likelihood any unfair improper valuations 
passing the scrutiny the Supreme Court but remote. 


All the foregoing narrative methods adopted recent valua- 
tions, review judicial opinions, and comment the expressed 
opinions various engineers and railway officials, presented 
being proper and necessary support the contention that the Michigan 
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valuation, while not the first appraisal work, was the first valuation 
work large magnitude undertaken any State; that was work 
which established many precedents; and that the complete discussion 
methods and principles connection with and following this 
appraisal has given probably greater general value than any 
similar undertaking. The Wisconsin work, which immediately followed 
that Michigan, was along lines similar those the Michigan 
physical valuation, and carried the work forward, adding and 
strengthening certain its features. Without any impropriety, 
may claimed that these two appraisals have laid down the general 
lines which this class engineering effort will largely directed 
the future. 

desirable, closing this paper, indicate such general 
methods procedure valuation practice may said have been 
thoroughly established precedent, and present such argument 
will support the contention that such methods are proper. 

The fact has been emphasized, again and again, every writer 
the subject, that problems this class are not capable exact mathe- 
matical solution; that, matter how much care may exercised 
the execution the work, the result tempered the personal judg- 
ment the men engaged it, and that only when executed 
men experience, sound judgment, and high moral worth can have 
definite, final, and just result. 

This feature appraisal work cannot too strongly emphasized. 
The value the work depends the character the men doing ‘it, 
their experience design, construction, and operation properties, 
and their absolute fairness and freedom from prejudice. 

That there will many large valuations undertaken near 
future, there appears doubt. These valuations will made 
necessary preliminary three classes corporate control: rate- 
making, taxation, and the regulation capitalization. 

The Courts hold that the value must “the fair value the 
property used for the public,” and that the corporation: 

“may not impose upon the public the. burden such increased 
rates may required for the purpose realizing profits upon 


[such] excessive valuation fictitious capitalization.” (Smyth vs. 
Ames.) 
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This language repeated, again and again, that clear that 
any valuation, sustained the Courts, should: 


based careful study and analysis all the informa- 
tion applicable the case hand; and 


2.—That must separate the various elements that every step 
the work may reviewed and supported. 


Public interest demands that, any valuation, certain figures 
shall appear which shall show the amount bona fide capital actually 
existing the property the date appraisal. 

The fact that given amount money was invested building 
railroad 1880, and that certain other sums were spent for additions 
subsequent years, does not necessarily indicate that these amounts 
capital will still found the property 1910. 

The removal timber from surrounding lands, the destruction 
industries and the removal tracks leading thereto, the destruction 
equipment and facilities, the depreciation value adjacent 
property, along with wear and tear, and obsolescence, have gone 
effect the destruction loss capital many Michigan railroads. 
The case 212 S., clearly directs that the valuation must not 
take into account this destroyed capital, but must return “fair value 
the property is.” 

the other hand, the amount money actually spent produc- 
ing given property the past may far below the present value. 
The appreciation value lands reason development cities 
and growth industries, the increase cost the materials entering 
its construction, and many other causes, may lead appreciation 
the value the property, and this appreciation should appear 
the valuation and the company entitled the benefit it. 
the nature increase the investment, and should appear 
capital. 

clear that there are two classes elements value the 
final value public service property: those which are physical, and 
those which are intangible. There are various the physical elements 
value which are not material susceptible inventory, but which, 
nevertheless, attach themselves the physical property, are capable 
determination, within reasonable limits certainty, and should 
taken into account and computed physical property. 
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the subsequent discussion physical and intangible values, 
attempted differentiate between such elements should attach 
the physical value, capital remaining the plant, and the purely 
intangible franchise values. 

contended the writer: 

That the Physical Value, present value the physical property, 
should fairly represent the actual capital invested the property 
the date appraisal; that should made the sum the 
various elements which constitute the cost reproducing the property 
together with any appreciation which may have been added any 
them, less all depreciation. 

That the Non-Physical Value the difference between the “fair 
value” defined the Courts, the reasonable. value the property 
business producing property, and the physical value, actual 
present worth; and that the only proper method for determining such 
values involves study income accounts. 

This Non-Physical Value may be: positive, value excess 
the physical property, negative, less than the physical value. 
the case property having negative intangible value, deduc- 
tion should made from the physical value. 

further contended that, making the physical appraisal, the 
purpose the appraisal should not permitted modify the figures. 
The resultant figure should the same, whether used 
basis for assessment, rate making, limitation capitalization. 
should engineering estimate the amount bona fide capital 
still remaining the property, the complete cost reproduc- 
tion under existing conditions, less depreciation. This figure definite, 
within reasonable limits, and cannot conceded that per- 
missible vary it, submitting one result physical value for 
taxation, and another and different result present physical valua- 
tion for rate making. 

There may some question the propriety using non- 
physical values for certain ultimate ends; fact, the Supreme Court, 
the Omaha and Knoxville water cases, clearly indicates that they 
must not used for certain purposes; but, any case, furnish 
information, this element value should determined, and, the 
ease physical values, should unchangeable figure and should 
represent the difference between the worth the actual physical prop- 
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erty and .the final business value the property considered 
earning proposition. 

not necessary minutely into detail the various 
steps taken making the appraisal physical property. Each 
appraisal will offer some problems peculiar itself, and general 
set rules can laid down which will applicable all cases. 
deemed sufficient call attention general matters major im- 
portance and refer some points which have not been mentioned 
the preceding narrative, omitting argument the case such 
have there been fully discussed. 

The distinction should kept mind that any element value 
which belongs the property reason its physical existence 
classed element physical value. The property considered 
operating property the sense that reproduced complete, 
ready operate; and any expense, any element value needed 
complete it, element the physical value, but any value arising 
result surplus earning power, any good-will value, going-con- 
cern value, value due established business, strategic location, 
favorable traffic arrangements, etc., should considered intangible 
values. 


The valuation physical property naturally divided into four 
parts: 
I.—The preliminary study, 
II.—The field inspection, 
computation, 
preparation the final figure 


I.—The Preliminary Study. 


The preliminary steps should include general examination the 
property, study its corporate history, examination its 
records, maps and profiles, and the preparation inventory its 
property. 

The work Wisconsin and Minnesota was done co-operation 
with the railroad companies, who prepared (generally, but not every 
case) their own inventories forms adopted the appraiser. 
Michigan, all this information was secured the appraiser. There 
can certainly valid objection the use information compiled 
the companies, whose familiarity with their own records and prop- 
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erty would enable them supply lists which under all ordinary con- 
ditions would more complete and up-to-date than made 
men having special knowledge the property. 

The chief difficulty encountered making inventory from 
recorded data lies the fact that very few sets records are cor- 
rected date, and many additions and erasures will necessity have 
made the field. 

refer maps large yards, profiles, standard plans, and 
drawings the principal structures, that the investigation office 
records should include careful examination the maps principal 
terminals, with view securing such will simplify the field in- 
spection. The investigation should extended cover study, not 
only the engineering office data, but also statistical data de- 
rived from the records the auditor, superintendent, and superin- 
tendent motive power, and should cover earnings, operating ex- 
penses, car and locomotive mileage, and such other data will facili- 
tate the distribution such elements value are not localized, 
together with such other statistics will furnish thorough knowledge 
the property and its operations. 

has been claimed the appraiser Washington—and the view 
also held the Commissioner Railroads Nebraska—that 
original cost essential, view the Supreme Court’s decision, par- 
ticularly Smyth vs. Ames. The writer cannot accept the correct- 
ness this position. would appear that the language the Court 
should construed mean that original cost, where ascertainable, 
proper matter take into account, along with many other things, 
but can hardly considered mandatory. 

the case property only recently built, which the records 
are complete and the engineering and construction files are available, 
may not specially difficult determine cost, but the case 
any the large railway systems the United States, which are made 
the consolidation many different roads, some them built 
many years ago, some them having gone through many changes 
management, reorganization, and earlier consolidation, practically 
impossible secure either the old financial books the old construc- 
tion records, and without these complete records would appear 

utter impossibility secure the primary cost. Primary cost but 
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the first step. The work building up, securing the amount 
additions and betterments that have been made from year year, 
one appalling magnitude and utter uncertainty and conjecture. civil 
Keeping mind that, prior July 1st, 1907, the railroad companies who 
the country did not have system uniform accounting, and that cons 
additions property were charged operating expenses the extent 
hundreds millions dollars; that policies were different dif- worl 
ferent roads, and under different managements the same road, and 
that the accounting methods were determined the policy the road piec 
management; and the further fact that the distribution ordinary feat 
railroad accounts may extremely reliable one road and abound- thin 
ing with errors another; will seen that any attempt depend ofte 
the auditor’s office for anything approximating complete statement the 
cost would lead into maze figures which would confusing, the 
unreliable, and ineapable proof. dep 
Therefore, the writer’s conclusion that, beyond such figures 
recent construction, records cost such special structures are 
matters particular record, not advisable attempt secure 
complete data the cost date railroad. the Michigan sto 
appraisal, original cost was secured the ease many structures, 
notably the Port Huron Tunnel, and means argued that lik 
original cost should not considered, investigated, but held that 
such undertaking secure, from the financial books the com- 
pany, accurate reliable statement construction cost, plus addi- 
tions and betterments, less property destroyed, the Michigan Central 
Railroad, for example, would absolutely impossibility, particu- 
larly the work was undertaken, the Washington ap- 
praisal, men who were utter strangers the property. The admis- 
sion the appraiser Washington, that, except for few gaps, the 
information was complete, fatal, the gaps must needs filled 
estimates, and would appear better depend estimated 
figures throughout than use what purported actual costs 
part and estimates the remainder. 
original cost essential, hard get away from accepting 
the book values the companies, these, objectionable they may 
from the viewpoint the public, are just apt near the 
actual truth any statement made strangers from examina- 
tion old records covering many years operation. 
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Field Inspection. 


The field inspection, the greatest value, should made 
civil mechanical engineers long experience, preferably men 
who have had charge their respective departments railroads 
considerable extent, properties similar that under investiga- 
tion. The writer the opinion that this particular phase the 
work, the practice adopted the Michigan appraisal was considerably 
advance more recent valuations. particular structure 
piece equipment should examined and its condition noted; special 
features should fully described and careful record made every- 
thing that would tend affect the value. The argument has been 
often made that the fixing percentage depreciation man 
the field purely arbitrary and amounts nothing but guess. 
the computing office often necessary check the field figure 
depreciation the use tables fixed annual depreciation, but 
must borne mind that mortality tables form are based 
system averages. The actual depreciation rail, for instance, 
varies greatly; the conditions traffic, curvature, gradient, rolling 
stock, and various local conditions tend shorten lengthen the life, 
that the personal opinion experienced man the ground 
likely much more nearly correct than the arbitrary application 

The writer has inspected station buildings more than years old, 
and their condition and adaptability for the service required them 
would give them very high percentage; also familiar with 
buildings less than years old, which, reason changed traffic 
conditions and consequent shifting business, have become obsolete 
and have been permitted depreciate rapidly that any table average 
would give too high result. 

the case water-works inspection, much the value 
included the system distribution mains, form property 


which inaccessible, that much more dependence must placed 
figure based age; but there, also, full investigation possible 
should made, order determine what extent tuberculation 
electrolysis has affected the pipes. 

general inspection (made Minnesota the appraiser with 
two assistants) would appear excellent thing review 
the whole work, but whether such inspection would sufficiently 
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thorough base thereon set final values, would appear 
doubtful. 

The inspection the field, addition the placing per- 
centage for depreciation, should involve complete check the in- 
ventory, correction all errors, due the construction new 
property the destruction removal old, and compilation all 
information required for complete, correct, and intelligent appraisal 
the physical property the computing office. Every appraisal 
different, and every property offers new problems and diverse condi- 
tions. These must met, and therefore the field inspector must call 
particular attention all matters specially affecting the values the 
property inspecting. 

impossible anticipate all these conditions advance, al- 
though the use carefully prepared blanks and the standardizing 


the form which the data are gathered greatly simplify the work, 
not only the office, but the field. 


Computation. 


the completion the field work, with all the preliminary data 
the office, the computation must proceed, and with this part the 
work there are many questions which must taken up, considered, 
and definitely answered. 

The classification and arrangement the information the 
property valued, the costs and prices the various materials 
entering into construction, the making and checking such tables 
may required for estimating, the computing, checking, filing, in- 
dexing, and the various other routine details work need not 
referred specially, they must worked out for each appraisal. 
The matters principle that will met are more important, and, 
while would impossible mention all that may come up, may 
not amiss refer few. 

(a) making appraisal several properties, what extent 
shall these properties grouped classified 

(b) What unit prices shall assigned the estimates cost 
reproduction, and how shall they determined 

(c) How shall right-of-way and real estate values ascertained 
Shall such elements appreciation, any increments due the 


purpose for which the land used, treated physical non- 
physical values? 
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What method shall finally adopted determining deprecia- 
tion? What elements shall depreciation made cover? 

(e) What elements cost appreciation shall treated parts 
the physical property although not capable inventory, and what 
shall treated non-physical 

(f) allowance for contingencies proper item include 
appraisal 

What weight shall given the matters adaptability, proper 
improper design, and the location 

(h) How shall the values such property locomotives, cars, 

What the effect upon values large terminals? 

(j) Should allowance made reason rapid development 
the art? 

These are not any means all the perplexing questions that arise; 
each valuation offers some that are special, but these cover the more 
important points. 

(a) Classification Properties—In making appraisal involving 
the properties large number companies, such for instance 
any the State railroad appraisals, becomes evident that there are 
certain properties which are small, badly run down, and either built 
serve very limited trade located territory which has not de- 
veloped, and that such properties cannot compared equitably with 
the large trunk-line roads, even with smaller roads good terri- 
tory and doing good business. Several such properties exist 
Michigan district which was originally lumber-producing 
country, and the time they were built local conditions were such 
that prices timber and labor were far below any cost that would 
reasonable assume to-day. Whether taxation rate-making 
the ultimate end the work, certain that these carriers are enti- 
tled some classification which will separate them from the more 
prosperous roads. Many these roads would not built to-day under 
any circumstances, yet their maintenance and continued operation 
absolutely essential the people the district served them. 

Whether this classification should undertaken the time 
making the appraisal physical property, and attempt made 
classify unit prices, whether this should taken connec- 
tion with the intangible values, and solved, far the valuation 
concerned, the adoption such method will affect these 
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physical values subtractive negative non-physical value, 
whether the entire matter should left for the subsequent work 
rate-making assessment, one which must determined the 
outset the physical valuation. may not left without determina- 
tion, the question will raised all probability the form 
attack the valuation, not considered and 
reached. 

the writer’s opinion that the application intangible 
subtractive value the proper solution, except the case roads 
which would not to-day rebuilt. fixing uniform price for iden- 
tically the same labor material, whether small poverty-stricken 
road main trunk line, serious injustice done, provided the 


price fixed one which, from strictly engineering standpoint, 


reasonable figure for cost reproduction. The differences class are 


due, not special differences cost physical property, but rather 
differences earning ability account good poor territory 
served, efficient inefficient management, other reasons not con- 
nected with the physical structure; hence such differences are reflected 
the earnings, and are clearly elements adjusted the non- 
physical valuation. 

(b) Unit Values—The general reliability the appraisal rests 
very largely the reasonableness and fairness the various: prices 
which are applied the different parts the property making the 
estimate cost reproduction. These unit prices should deter- 
mined before any actual figures are made. They should made 
from the most complete data available, and, before being tabulated, 
should carefully reviewed all the experienced men engaged 
the appraisal, order that figure which either too high too 
low may used. 


preference current prices all such material and equipment 
fairly stable. Rail, and all forms rail structures, machinery, loco- 
motives, cars, can reduced such unit that averages can 
secured which will eliminate the error due period extreme high 
low prices. 

the such materials lumber the price which 
has been steadily rising due the growing scarcity the material, 


price based upon long average unfair the corporation, and 
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would appear proper use current prices. There can 
hard-and-fast rule which will applicable all appraisals. 
unit prices must such reasonable figures can sustained 
Court. Their adoption should not final until every possible test 
their accuracy and reasonableness has been made. When they have been 
adopted, and such modification made may fair for certain terri- 
tory account local conditions, transportation facilities, other 
consideration which may affect them, adopted figures should 
applied all property alike. The use different unit figures for 
different roads the same territory highly undesirable, and should 
avoided. 

(c) Right Way and Real valuation work which 
has been accomplished during the past decade, and the study values 
for taxation and rate making, have brought into prominence the 
perplexing features land values applied corporation property. 
comparatively simple fix within very close limits the reproduc- 
tion tracks, bridges, locomotives, any the other elements 
physical structure. Not with the land. few years’ development 
may change farm land right way into city right way, surrounded 
factories, may change desirable residential property adjacent 
road into slums. 

view the clear language the Court Fed., 839, and 
157 Fed., 849, evident that any valuation which does not take 
into account the appreciation depreciation land values cannot 
sustained. There can serious objection the doctrine that 
the property corporation generally increases decreases value 
the same proportion adjacent property, and must therefore 
admitted that value based the sale value adjacent lands 
reasonable one and must stand. This reasoning, course, will 
subject exceptions, the case terminal properties, docks and 
water-front properties, and right way large cities, but 
believed sound when applied right way the country and 
small towns and cities. 

The next question determined whether the increment 
value due the use the land proper one. would appear 
that the use land for water-works, gas-works, street-car barns, 
other isolated tracts land used for corporation purposes, this 
would much less than the steam inter- 
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urban railroad, the holdings which form continuous and unbroken 
strip; and, the case street railroads, water-works, and like prop- 
erties, would indeed difficult compute and afterward sustain 
any considerable increment. 

the case railway properties, however, quite evident 
that the following can sustained: The actual cost prop- 
erty purchased for railway purposes will range from two and one- 
half five times the selling price similar and adjacent property used 
for other purposes. While the actual percentage will vary some- 
what, between land cities and the country, and between 
fully settled districts well served roads and sparsely populated 
regions, yet the difference very marked, and capable determina- 
tion examination the public records. 

This difference can determined either comparison rail- 
way purchases and other transfers, was done the later studies 
Michigan and Wisconsin, extending the investigation 
include assessed valuations, and using the averages, was done the 
work Mr. Morgan Minnesota. 

establishing figures for use valuation, would appear 
better base them analysis actual transfers than 
undertake fix values any methods examination and personal 
appraisal. Enough instances the wide divergence expert opinion 
have been cited show conclusively that such method, applied 
the thousands acres large corporation, may lead serious 
error. 

single attorney real estate man who has had experience 
abstracting and conveyancing, and who has bought some right way, 
can examine the records average county the largest city 
which has population less, abstract all railway transfers 
for years, locate them the maps, secure data actual selling 
prices near-by lands, and, comparatively short time, posi- 
tion furnish figures which will establish the relation between sales 
for railway and other purposes that county. The work that half 
dozen such men could days would very far toward estab- 
lishing with fair degree definiteness the value the railway pur- 
pose increment for the majority counties any average State. 
course, such investigation the large cities matter much 
greater labor, and would require sufficient time make complete 
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examinations, probably necessitating special force for such city 

every appraisal, the question has been asked, should this rail- 
way purpose increment added the value the property? 
Clearly, yes. 


The Supreme Court quotes approvingly from the Tennessee Court, 
follows (151 S., 479): 


“The value the land depends largely upon the use which 
put and the character the improvements upon it.” 

This stated again and again. must remembered that, for 
railroad uses, the strip must continuous; that must located 
permit curves and grades which conform the requirements 
the road; that, matter what damages may accrue adjacent prop- 
erty, the road must take its strip; that its use entirely changed 
and structure placed which capable vastly greater 
earnings than the property produced before—all these elements add 
the cost the property when acquired for railway purposes, and 
the same measure its value under its new use. 

new country, where transportation facilities are limited and 
land cheap, this added increment may little nothing, but 
thickly settled State, with many railroads, this element will increase 
with good degree uniformity; while, terminals, the price rises 
almost inconceivable figures. capable being determined, 
and clearly element the cost reproduction. The writer 
holds the view that properly placed with the physical values 
and that should not considered intangible element 
value. 

(d) Depreciation.—Thus far, this discussion has not dealt length 
with the subject depreciation, and not considered essential 
the purposes this paper that done. The State appraisals 
have raised question the propriety using mortality life 
tables compared with personal inspection and the placing 
percentage based individual judgment. Either method subject 
error. certainly desirable secure the opinion the man 
who inspects bridge, building, locomotive, its physical 
condition. may desirable use the check secured the fact 
that the age the building known and also the average life 
structures its class. 
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The result the Michigan inspection rolling stock was 
sustain fully the rules for valuation issued the Master Car Builders 
Association; and clearly, not only proper, but extremely desirable, 
apply tables such equipment freight cars, which are scattered 
all over the United States, for would absolutely impossible 
inspect completely those any road system.’ the other hand, 
the life steel rails cannot determined any simple table, because 
the number car movements, the weight motive power, the speed 
trains, the location (on curves heavy grades), and many 
other conditions affect their life. This also pertains buildings, 
locomotives, and other equipment. The character service rendered, 
the nature and extent repairs, and the way which they have been 
maintained, add take away from any life assigned tables, 
render them valueless many individual instances. 

placing depreciation, allowance should made, not only for 
wear and tear due use, and decay due the elements, but also 
cover that which due obsolescence, the fact that the facility 
antiquated inefficient type, and has been superseded 
general use more efficient and economical devices; this may 
called commercial depreciation, distinguished from physical depre- 
ciation. The method used placing depreciation clearly 
one the important things that must determined each set 
appraisers, and, while the writer believes that the use expectancy 
tables would greatly facilitate the work many the data 
which found complete set tables and support them and 
justify their use are often lacking; therefore, any use tables should 
safeguarded every possible manner, and -personal inspection 
fixed property should always made. 

(e) Immaterial Elements Physical Property—There are certain 
expenses, inseparable from the construction any public works, 
which are necessary and proper part the cost, and are arranged 
for the original financing, but are not identification 
after the completion construction work. These expenses are: 

(1) Organization, 
(2) Legal expenses, 
(3) Engineering, 
(4) Administration, 


(5) General expense. 
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(1) -Organization.—This includes the cost the original organiza- 
tion the company, the cost securing the charter and franchises, 
arranging the financial plan, and securing the funds for construction. 

The latter item intended include all salaries and expenses 
officials soliciting and negotiating for funds, the services 
trustees, and all other proper expenses which are usual and unavoid- 
able the process exploiting projected enterprise and interesting 
capital therein. Discount bonds not included, and any allow- 
ances for “premium,” “bonus,” other cash payment any party 
for services securing funds, which are excess legitimate 
expenses, should receive scant consideration the hands appraisers. 

(2) Legal Expense.—This for attorneys and all legal expenses, 
costs, and fees the organization and during the construction the 
property. 

(3) includes reconnaissance, preliminary and 
location surveys, supervision construction, and design and superin- 
tendence special structures. The cost engineering some 
the more difficult properties becomes very large sum, certain 
small lines may small, and some 
engineers have been employed all; but the items cost 
this charge have every case been expended, even done under the 
direction some 

(4) comprises the cost the management 
during construction—the direction the enterprise. 

(5) General Expense.—This the cost the general office organi- 
zation during the construction period, also numerous minor expenses, 
not distributable. 

not possible build any service plant without incur- 
ring all these expenses greater less degree. They are essential 
elements cost, and must into the value the plant when com- 
pleted. can hardly argued that cost, which large prop- 
erty runs into thousands hundreds thousands dollars, has 
value the commencement operation, nor does appear that the 
value subject depreciation long the property operating 
plant. The writer holds the view that the line between physical and 
non-physical elements value should drawn follows: 

Any value which attaches the property reason any money 
expended during the construction part the physical property 
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values; while any value due the operation the property which 
excess the physical value non-physical intangible ele- 
ment. the correctness this position conceded, then all the 
foregoing items are charges against the physical property, and, 
long operating property, these items value remain part 
the physical property, and the writer contends that they should not 
considered affected depreciation, long the property 
going concern. 

Different engineers have included the appraisal other items 
which are somewhat different nature, and some which are 
open argument; among these are “interest during construction.” 
This item clearly allowable one, but serious differences opinion 
develop proper amount allow making appraisal. 

The corporate history the Ann Arbor Railroad, Michigan, 
shows that was built sections from miles, and that 
each section was put into operation soon built, that, while 
the actual period construction the complete property extended 
over years, section was under construction much more than 
one year. This typical much the railroad building the past, 
and such property the interest charge would comparatively 
small. 

proper charge such case would clearly not sufficient 
the case road several hundred miles length, through mountains, 
with tunnels, heavy bridges, and other structures which would extend 
the actual construction over periods from years, and this 
particularly true where the road main line artery, and where 
local traffic minor importance. 

The computation the interest charge complicated the fact 
that interest begins run the bonds are taken up, and but 
small part the construction money draws interest during the whole 
period. 

The practice the State appraisals has been fix uniform 
percentage for all properties. This has had its favor the argument 
that was conservative valuation where taxation the ultimate end, 
the amount was less than one year’s interest every case. 
would appear more correct use the corporate history each 
company, determine the actual construction periods, and use rate 
based the actual each case. This can fixed with fair 
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degree accuracy, and reasonable percentage determined, equal- 
ize the varying periods time which the interest runs dif- 
ferent parts construction. 

Discount.—Discount bonds claimed certain railroad men 
proper item for consideration. has been argued elsewhere, this 
not proper charge against capital. adjustment the 
interest rate the market, advance payment interest; and, 
the writer’s opinion, should under consideration allowed. 

Working Capital—Working capital another item claimed and 
conceded some valuations. not part the “cost con- 
struction.” The money provided for working capital the outset 
not permanent investment, but rather temporary loan paid 
back out earnings. The writer fails perceive any possible argu- 
ment favor adding such item the permanent value the 
property. making appraisal, after the physical value de- 
termined, usual set statement stores, supplies, fuel, 
and cash hand, and working capital certainly shown the 
current balance sheet, the form cash accounts receivable. 
would appear have place physical appraisal. Although the 
items cash, stores, and supplies were shown the Michigan appraisal, 
they did not appear part the physical value, nor were they taken 
into account computing intangible value, but, being taxable property, 
they were reported separately. 

(f) use percentage for contingencies 
the appraisal Michigan was bitterly contested the railroads 
improper and excessive. Michigan 10% was used, Wisconsin 
53%, and Minnesota per cent. 

Subsequent work Michigan has demonstrated that the use 
high figure 10% was fully justified; and the probability that 
the latest Michigan appraisal did not eliminate omissions, inaccuracies 
description, and excess cost construction due difficulties, such 
extent justify much reduction the percentage. 

making appraisal, the percentage applied cover 
contingencies proper matter for consideration, and some cases 


might well such that even smaller allowance than that 


fixed Minnesota would proper, but such cases would doubtless 
the exception. The writer believes proper practice add 
liberally for the contingency item. The strongest argument against 
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that incapable being described and located definitely, 
and difficult exact proof. Therefore has been claimed that 
partakes the nature non-physical element, and that there 
any value over and above the physical property value, will 
appear with other non-physical elements reflected the earnings, and 
may properly included the intangible value such exists. This 
argument does not appeal the writer being final, and would 
advocate the use such percentage physical values appears 
proper each appraisal cover the error due the extreme dif- 
ficulty securing exact inventory and construction history 
the properties. 

(g) the matters which were considered the 
Michigan work was that adaptability, the economical questions 
location, design, and construction. possible that some 
properties, such water, gas companies, the efficiency 
the plant may very greatly affected faulty design, uneconomi- 
cal arrangement, improper construction, and such extent that 
any cost reproduction, less any ordinary depreciation, would 
greatly error without further allowance. This may also true 
railroads. Excessive curvature and gradients greatly decrease the 
tonnage hauled given power, without decreasing the per 
train-mile. 

impossible reduce terms dollars and cents any usual 
customary methods. impossible separate from any one 
half dozen other items that may brought up. opens the door 


endless speculation what might might not take place under 


somewhat different conditions. For these reasons, was treated the 


Michigan appraisal non-physical element value and dismissed 


from all consideration the physical appraisal. This was clearly 


proper, and the subject only referred here for the purpose 
making clear that was fully studied and definite conclusion 
reached. 


Adaptation.—In the sense that this term used Mr. Williams 


and Mr. Morgan, the appreciation solidification roadbed was con- 


sidered the Michigan work, but given place the appraisal. 
This very proper item consider, but would appear better 
directly with the roadbed item the physical appraisal 
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appreciation solidification. There can reasonable objection 
adding the contract prices for grading, ballasting, etc., reason- 
able amount cover, not much the seasoning and settling the 
new roadbed, the actual money disbursed work this new road- 
bed during the first years operation order bring 
the proper operating condition. very considerable part the 
money spent “maintenance track” for the first few years after 
new line built reality deferred construction cost. 

(h) Apportionment apportionment values 
locomotives, cars, miscellaneous equipment, shops, and those other parts 
the cost which are not susceptible separation from the operation 
the property whole, interesting and times perplexing 
problem. While the Courts have viewed equitable the distribution 
values between territorial units when made track-mileage basis, 
hardly likely that Court would look with favor appraiser 
appointed Michigan giving any consideration values bridges, 
track, buildings Ohio. Thus far, every State appraiser has con- 
cerned himself only with the fixed physical property his own State, 
together with his proportionate share the floating property. The 
methods that may considered are track-mileage, car-mileage, loco- 
motive-mileage, and train-mileage. 

The method finally used such will give the fairest result 
for the property under consideration. some cases one more 
these methods will give fair value, while other cases the same 
system would most unjust. 

big with possibilities, and far from solution, that terminal 
property values and their proper assignment. The property must 
considered operating unit. Its value must made the 
values the parts elements plus added value that comes from 


the operation the whole. The problem would simplified what 


were sought were the value certain railroad, but, has been 
presented this time, the problem is: what the value that 
part this railroad Michigan? Wisconsin? Minnesota? 
fairly satisfactory solution many the value questions has been 
obtained, but nothing the way solution the terminal question. 
road owns 300 miles line Michigan and miles Ohio. That 


miles includes its largest terminal; its principal connections are 
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there; has fine property, and the capacity landlord sev- 
eral other roads. What part that terminal value, any, assigna- 
ble the State Michigan? Decidedly, would not proper 
appraise the entire property unit and assign Ohio only the 
proportion that miles bears the whole length; equally unfair 
appraise Michigan property down the State line, and add 
nothing the value reason the terminal. 

The influence the value the property, the ownership 
terminals such cities Chicago, New York, Jersey City, Hoboken, 
Pittsburg, Detroit, St. Louis, Kansas City, and other large centers 
population tremendous, yet very large part the railroad mileage 
entering those cities belongs roads which have their largest mileage 
outside the State which the terminal located. 

There can doubt that the influence large terminal affects 
measure the value every mile line owned the company; 
that this influence greatest the principal and direct lines, and less 
more remote parts the system are reached. yet, plan has 
been suggested for determining what this value for apportion- 
ing it. 

The final solution Michigan was treat terminal properties 
within the State exactly other property was treated, and assume 
that, there was any value assignable Michigan reason out- 
side terminals, would appear non-physical value through the 
earnings. 

When all the phases this question are considered—the enormous 
land values, the value due possession deep-water terminals, the 
effect the business the entire property reason the owner- 
ship such properties those, for instance, New York City, 
Jersey City, and Hoboken—it evident that appraisal which has 
yet been made has established any rule valuation which may 
considered proper for terminals. 

hoped that the work now progress New Jersey may 
well supported the State that will possible for the ap- 
praisal board make exhaustive study this subject and reach 
definite conclusions the real extent, manner computation, and 
proper method distribution these values. 

(7) Development the Art.—Is any value assignable property 
account expenditures reason the rapid development the 
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art? This question seems not have been squarely asked answered 
connection with any ‘the past appraisals. 

Every piece material and every facility purchased company 
bought with definite expectation that will have certain life, 
that during that term life will add sufficiently the earnings 
provide fund for its replacement and earn profit. matter 
whether not such reserve created the books, this the theory, 
and, under it, accident may wipe out certain new property, other prop- 
erty will outlive its expectation and maintain the average life the 
entire group facilities. 

There are countless cases where this will not hold. The rapid de- 
velopment large cities has compelled lines extend largely. 
The demands the people for more frequent and more rapid service, 
and more modern and larger equipment, have greatly shortened the 
term life power-plant equipment and cars. The rapid develop- 
ment the art electricity, the congestion traffic streets 
cities, the enormous increase train movements, and the use elsewhere 
newer types cars, have compelled the abandonment millions 
dollars’ worth property and the investment other millions 
new and improved facilities provide for the increased movements 
traffic and increased safety the public. These changes are not 
due the fact that the original installation was defective, but the 
demands the public for frequent, safe, and speedy service, demands 
which are perfectly reasonable. The query is: should corporation 
which complies with public demands compelled lose in- 
vested facilities which have not yet paid for themselves; and which, 
under continuance conditions which existed when they were in- 
stalled, any that might then have been anticipated, would normally 
have useful life several more years, and which were abandoned, not 
reason being worn out unfit for service, but purely because 
facilities more modern type were called for? 

answer this affirmatively increases the hazard investment 
greatly the large centers population. answer affirmatively 
some cases might amount confiscation property. The writer 
inclines the view that, far appraisal concerned, the value 
due the remaining life the abandoned facility, where such aban- 
donment was response legal requirement, and where element 
corporate necessity due increased efficiency economy the 
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new facility enters into the computation, should added the value 
the facility replacing it. Any consideration that given such 
claims appraiser must most careful, the inference 
drawn from the decision the Court the Knoxville Water Case 
(212 S., that such elements value will receive scant con- 
sideration unless most fully supported. 

the policy the management any public service company 
keep with the demands modern civilization, would appear 
such policy should not discouraged, and, computing the 
value the property, some provision ought devised for cover- 
ing such values remain serviceable property the time its 
abandonment response public demand; else the rates for service 
should increased sufficiently compensate the corporation for 
losses this nature the ground that constitutes element 
extra hazard. 

These and like subjects connection with the appraisal must 
taken during the period computation and settled. The com- 
puting office organization and methods call for special comment, 
except emphasize the need experienced men, the use every 
possible check the accuracy the work, and the prime necessity 
keeping all notes such manner that they can identified and 
used re-establish every step taken the course the appraisal. 


IV.—The Preparation the Final Figure. 


The final form the work is, course, much matter per- 
sonal judgment that even suggestion may appear useless. The 
use such classification will conform approximately, not ex- 
actly, with that adopted the Interstate Commerce Commission 
more desirable now than was years ago, all the roads 
the country are using this classification their accounts, and the 


more nearly uniform the work various State appraisals, the better 
the results will be. 


the published articles treating the subject valuation, much 
stress laid the intangible non-physical elements value. 
They have been termed “going concern values,” “business values,” 


“good will values,” “franchise values,” well “non-physical” and 
“intangible” values. 


thi 


ele 


¢ 
4 
| 


THE VALUATION PUBLIC SERVICE PROPERTY 1519 

much the argument many writers has been taken with 
this phase the question that impracticable recapitulate the 
various arguments support giving these elements place the 
appraisal. 

The writer cannot agree with those who would place any these 
elements value the physical appraisal. 

Value given property, either reason the fact that 
instrument for earning profit, that does earn profit gives 
promise profit. The actual investment capital new plant 
made with the expectation earnings. not reasonable 
attach physical value, such plant, any value excess the 
actual investment. Nor does appear any more reasonable, 
the case old plant, assign arbitrary and fictitious values over 
and above the actual investment remaining the plant, unless such 
values are justified and supported actual earnings excess such 
rate interest the money invested, would earn invested 
some non-hazardous security, out the clearly-ex- 
pressed idea the Courts—such intangible value can only accrue when 
the rates charged for the service are fair and proper. 

The capitalist seeking investment bases his ideas value on: 


(a) The market price stocks and bonds, estimate worth 
based primarily actual earnings the property, but 
affected some extent outside conditions; 

(b) the capitalized net income, actual earnings, the 
or, 

(c) the case new property, estimate what the 
probable earning capacity the property will be, where the 
business more fully developed. 

Methods (a) and (b) ignore cost construction, present invest- 
ment physical property, and base value past performances. 
Method (c) based purely hypothetical earnings, but the only 
real measure value this instance the actual amount capital 
that has been invested. 

appraiser would justified placing “going concern” value, 
excess original cost, new property, nor would justified 
placing such value property years old, years old, 
unless the net earnings were such indicate that the property had 
business commercial value excess the physical property value. 
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would seem reasonable say that this difference between the 
physical value and the value based earnings represents the “good 
will,” “established business,” “going value,” and all the other non- 
physical elements value. 

take specific example: would impossible separate the 
different elements intangible value the Michigan Central Rail- 


‘road, and say that certain sum money represented “good will,” 


another sum “established business,” still another sum the “franchise 
value,” and still another sum the “going concern.” 

The “going concern value” the Michigan Central Railroad 
exactly analogous the going concern value the hypothetical 
water-works cited Mr. Alvord. Instead having water pipes con- 
nected with buildings along the mains, and considerable sums invested 
appliances for using the water, there are manufacturing plants 
located along the railroad, connected with side-tracks built 
the industry, and depending the transportation facilities the road 
for their connections with their customers, the very life the manu- 
facturing plant dependent its connection with the road. This 
good the same kind described Mr. Alvord. 
Yet, fix value the method described him involves going 
into the realm conjecture and speculation degree that could 
never sustained. 

Difficulties great would encountered effort separate 
and set any other elements which make the intangible 


value, and any figure thus determined would absolutely incapable 


proof. 


The Courts say that the value must the “fair value the 
property being used,” all the conditions being taken into account 
(169 S., 466). 

can readily seen that the physical present value not always 
—indeed, not often—the “fair value.” The “fair may 
more, less, than the present value the physical property. 
would seem reasonable interpret the Court’s meaning the 
term “fair value” the value business commercial property, 
taking into account the actual investment existing the property, 
together with any favorable conditions which would enable earn, 
rates which were fair and reasonable the consumer, income 
excess usual rate interest the actual investment, any 
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unfavorable ones which under the same rates would reduce its earnings 
less than usual interest. such interpretation allowable, 
would appear correct. practice use “fair value” made 
two elements: physical value, representing the investment, and 
non-physical value, representing all the elements which affect that 
investment give favorable unfavorable financial returns. 
not, then, proper conclude that the non-physical intangible 
value, composed all these various elements value, can only 
determined absolutely study the earnings and operating 
expenses? not this clearly what the Court had mind the 
Nebraska Rate Case? 

Much the argument the subject “going” values and other 
kindred elements value consists statements theory and generali- 
ties, and may said merely argument support the theory 
that there intangible element value. work valuation 
any real benefit, must not give definite Must not 
this result based absolute facts? 


securing the present value any physical property the fixed 
and certain facts are: 

The inventory property owned.—This absolute. 

The cost reproduction the different elements.—This capable 
determination within very close limits. 

The depreciation.—This measure matter judgment, 
based the experience, not only the engineers making the 
appraisal, but the entire world; and, properly 
made and properly checked, there should very wide 
divergencies results. 

The items general expense.—These, based available statistics, 
must estimated. The exact determination these items 
will made comparatively easy statistics based the 
uniform accounts become available. 

believed that the physical values, when secured along the lines 
suggested, are definite enough accepted fair estimate the 
amount capital actually invested the property, and that, 
sufficiently large force men experienced the construction, opera- 
tion, and financial management the kind property under investi- 
gation engaged the work, the element uncertainty due 
errors personal judgment can largely eliminated. 
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The next question determined whether there is, the time 
the appraisal, any non-physical value, and, so, select method 
for computing that will give result that can definitely supported 
the particular property under investigation. study the 
income accounts the property being valued should made. the 
property not earning sufficient sum pay its operating expenses, 
and taxes, and set aside fund cover depreciation and obso- 
lescence, there clearly intangible value any sort added 
the physical value. If, however, after all these charges are taken 
care of, there net earning which large enough pay 
the physical property and still leave surplus, not perfectly 
reasonable and proper hold that this surplus represents earnings 
all intangible elements value? 

The contention that all the different elements non-physical 
value merge into one intangible value, not capable separation, will 
doubtless objected many engineers and corporation managers. 

Among the elements adding value property have been described: 

Concern” Mead defines this the 
value due the fact that plant has consumers actually utilizing 
its product, and that actual and operation and has 
its business developed. This value the worth the plant excess 
similar plant without connections, and constitutes asset the 
consideration its physical value. Mr. Alvord has used the term 
“eonnected good will” applicable this element value. 

The writer does not concede that “going concern” proper ele- 
ment consider the physical value, does not represent any 
part the cost chargeable capital, and the physical valuation should 
confined the determination capital 

has already been argued that the physical property in- 
ventoried should added proper figures cover organization, legal 
expense, administration, engineering, and contingencies. All these 
items are the nature additions account the fact that the 
property “going concern.” maintained that these costs 
should the present value column values, for the reason 
that all these services rendered connection with the creation the 
property remain, unimpaired value, long the property oper- 
ated. When, however, property ceases operated, and aban- 
doned and dismantled, not only all these elements absolutely dis- 
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appear, all increments value reason the special use 
the property are wiped out, and there exist only lot partly 
worn out and partly obsolete machinery and equipment, salable 
scrap values, buildings constructed for purpose which renders them 
unfit for other use, and land partly salable going prices and much 
that will not sell all. 

and earning, “going concern,” and all increments which attach 
its physical property whole continue exist, even the 
physical value the property greater than fair value. That 
fair value can determined and reached means negative non- 
physical value. 

view these things, would seem highly improper 
add physical value anything more for “going concern.” the 
final report Judge Tayler, Arbitrator the Cleveland 
Street Railway matter, December, 1909, the following language 
supports the above contention: 


allow nothing for going value, except far that the 
result the necessary expenditure money building the road, 
acquiring its land, power-houses, and equipment, and putting them into 
successful operation. The expenditures for these purposes are, and 
necessarily must be, included the valuation the physical property.” 


2.—Developed perfectly clear that the “fair value” 
property must take into account the established business the 
This really covered the “going concern values,” 
defined Messrs. Mead and Alvord. The only manner which this 
can determined intelligently analysis income accounts. 

Handling railroad with heavy grades, 
bad curves, poor equipment, unskilful management not nearly 
valuable property one having good line and grades and far- 
sighted, economical, and skilful management and which handles its 
business lower cost per unit. 

such the differences location and management are bound 
show the earnings, adding the physical value one property 
and possibly taking from the value shown the physical appraisal 
the case another. 

Will and Established are valuable 
assets. difficult, indeed, attach exact weight these elements 
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value, except they are shown the intangible value indicated 
the earnings. most cases public service companies, argued 


elsewhere, doubtful such elements are entitled any place 


valuation. 


5.—Franchise cover various specific items arising 
out the ownership special franchises, or, out the general rights 
granted law corporations. 

All these elements value have been presented, and have been sup- 
ported able arguments. one has offered method separating 
them. While there universal recognition their existence, the 
many properties, they are supported nothing visible 
tangible. They are practically inseparable, one from another. They 
are not always present, and the application any such arbitrary rule 
that suggested Mr. Alvord would make possible place values 
which were purely fictitious. Therefore, follows that, they are 
considered all, they must treated parts one intangible 
value, and that value must derived from study the income ac- 
count the property. 

There are other points noted reasons why such elements 
value may attach the physical property. 

Any value old and well-established property excess 
fair return its physical property (in other words, any intangible 
value) must limited and restricted, when used for rate-making pur- 
poses, the value the consumer the services rendered. The 
Courts hold squarely that the rates charged for services must not 
more than the particular service worth, and that the Company 
may exact fair return property actually being used, that not 
conceivable that any yaluation which attempts attach fictitious 
elements value physical property can sustained. 

This argument not intended attempt show that intangible 
values are improper and that where they exist rates should lowered. 
that the determination rates that will just and 
fair all companies involves other consideration than the 
valuation either physical intangible properties, and that when all 
these rate-making problems are properly solved, there will remain large 
intangible values the well-designed plants. further contended 
that the work valuation should separate the tangible and intangible 
elements, that the further work rate-making assessment may 
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not complicated improper elements which are included among the 
items the physical properties. 

consideration franchise value, the history the corporation 
should investigated with view determine what part the public 
played the creation the property. 

The granting aid bonds, public lands, and aid money 
railroads, the giving encouragement water-works companies the 
payment excessive hydrant rentals, are illustrations the fostering 
and development service utilities the public such 
extent justify large measure the claim that many cases 
the allowance intangible value improper against the public. 

further consideration the matter intangible values the 
fact that they all partake more less the nature “good will,” 
and the question very properly arises, the case purchase the 
rate-making valuation: “Should the public compelled 
pay for its own good will?’ the case such corporation 
street railway company large city, any value arising from sur- 
plus earnings due the franchise, established business, going 
value, good will the citizens that city. This element value 
frequently sustains excessive bond indebtedness: the expiration 
the franchise period the citizens that city consider purchase, 
and are asked pay, among other things, for their own good will. 
view the attitude the Federal Courts the Consolidated Gas Case, 
and the language the lower Court disallowing the item “good 
will,” which judgment was sustained the Supreme Court, very 
evident that any attempt fix arbitrarily value such item 
appraisal not likely supported successfully. The grounds 
named the Court are: 


Tangible property has value apart from any franchise good 
will value. 

The franchise, conferring the privilege corporation, use 
public property, free from competition, and enjoy 
many other privileges, has some value apart from tangible 
property. 

Good will can have existence apart from detached from 
the franchise conferring the necessary privilege. Such good 
will (by itself) not capable being capitalized and dis- 
tributed among stockholders. 
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Citizens are entitled have gas (or water) because they pay for 
it, exactly they are entitled have clean streets (and, 
the same way, police protection fire protection), because 
they pay taxes among other things for that. 


The Court, therefore, finds that there good will value con- 
nection with the gas business the City New York, although 
said, elsewhere the finding, that the best, most favorably located, 
and most prosperous business its kind the country. 

Judge Tayler, the Cleveland Railway arbitration, says: 


allow nothing for good will. street railway company which 
has monopoly, and especially has franchise value remaining, 
have good will value.” 


Judge Lurton, the Omaha Water-Works Case, says: 


“That kind good will, suggested vs. Consolidated 
Gas Co., little commercial value when the business is, 
here, natural monopoly with which must deal, whether will 
no.” 


connection with consideration franchise values, the fol- 


lowing points are raised the Federal Court the Consolidated Gas 
Cases (157 Fed., 


“Should have right demand income return, 
separable from any return upon its tangible property, from its right 
place gas mains the streets and maintain them for its 
private profit, right which did not buy from city state pay 
therefor any legal valuable consideration? The Court thinks not, be- 
cause ‘Return can expected only from investment, and that 
invests must part with something the act investing.’ Does any 
company invest its franchise its business? does not part with its 
franchise the same way parted with money money’s worth 
acquiring creating mains plants. The investment property was 
made, not the franchise, but under the franchise, and the faith 
thereof. The franchise but part the power sovereignty, 
allotted private person for the benefit all, and incidentally 
given for private emoluments. 

“What the value franchise perform service, under 
which money invested and service yet performed? What 
worth apart from performance under it? 

seen possess inherent value entirely apart from 
the earning capacity the subsequent investment from the actual 
earnings resulting from such investment, the value asserted claimed 
but duplication that derived from the use the tangible prop- 
erty when invested. 
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“The concepts the nature and value franchises are seen dimly 
and confusedly because the failure distinguish between produc- 
tive and non-productive property. Land, money, chattels may 
industry and intelligence made productive without franchise; but 
excellence these desirable qualities can ultimately render fran- 
chise productive without the use money, chattels, and land con- 
nection therewith, and when the juncture made the earning capacity 
the real and personal property, plus the franchise and plus intelli- 
gence and industry, really greater than would without the 
franchise, for the franchise has added producing power the realty 
personalty; has but authorized their employment particular 
way and protected the owners while employing them.” 


The Court emphasized the fact that the particular way which 
they are used performing function the State—in doing 
service for the public which the public might equally well for 
itself, the following language: 


can imagine more than three ways which the value 
franchise can stated. valuable: (1) because authorizes the 
gainful use private property particular manner; (2) because 
once obtained often impossible get another like it; 
(3) may used injure hinder another enterprise, 
although itself conferring securing nothing value. 

“The third method statement has been accurately, though collo- 
quially, described “nuisance value,” and obviously illegitimate 
require discussion. The second method statement, when 
carefully considered, asserts that because the sovereign has deemed 
advisable entrust public work one citizen body citizens 
such quasi monopolistic grant confers the right charge for the ser- 
vice more than would just lawful were the occupation open all. 
Nor does change the truth the last statement that the difficulty 
procuring franchises produces, and long has produced, traffic 
them. every private sale franchise property, the price paid 
much money lost the official incompetence worse, and 
such sale can confer the vendee right compel the consumer 
repay him price that should have been paid the State. For these 
reasons, believe that principle franchise should held have 
value except that arising from its use shield protect those 
investing their property the faith thereof, and that, renders fruit- 
ful, possesses more economic value for the investor than does 
actual shield possess fighting value, apart from the soldier who bears it.” 


will not leave this decision without calling attention the 
fact that the foregoing quotations are but argument advanced the 
Court, and that found franchise value, following the reasoning 
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the Supreme Court cited heretofore, and other cases, and 
upon the doctrine that: 


“Private citizens may acquire vested property rights through series 
even erroneous decisions; rights firmly vested that becomes 
unconstitutional for the court which persisted error suddenly 
rectify its mistakes the detriment those who had securely rested 
upon the decisions sought invalidated.” 


After citing numerous cases and considering methods valuing 
franchises, the Court says: 


think obvious, have endeavored heretofore point out, 
that either for the purpose condemnation regulation the value 
franchise depends wholly upon what earned under and be- 
lieve the best way finding out how much franchise, separately con- 
sidered, worth, ascertain what those persons desirous con- 
tinuing operation under consider worth. corporation 
whose stock freely bought and sold, such value measured the 
attending the sale stock based entirely upon capitalization 
the franchise; yet the value stock issued only consideration 
the franchise obviously dependent earnings after the stock based 
tangible property has received satisfactory dividend yet 
will always true that, unless the whole net return, compared with 
the value tangibles, above satisfactory return tangible in- 
vestment alone, the addition stock issued for franchise will re- 
garded and detract from the value the entire issue, and 
think this proof that value franchise depends wholly 
what actual investmeut can earn.” 

this particular instance stock the amount had 
been issued 1884 and divided among stockholders without any con- 
sideration, which stock represented the company’s own valuation its 
franchise that date. The Court, fixing value, held that 
would proper increase proportionately the increase tangi- 
ble property; this did, fixing the franchise value more than 
$12 000000. The Supreme Court the United States, disposing 
this, says (212 S., 47): 

“But although the state ought for these reasons [applicable this 
case—not general], bound recognize the value agreed upon 
1884 part the property upon which reasonable return can 
demanded, not think increase that valuation ought 
allowed upon the theory suggested the Court below. Because the 
amount gas supplied has increased the extent stated, and the other 
and tangible property the corporations has increased largely 
value, not, seems us, any reason for attributing like pro- 
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portional increase the value the franchises. Real estate may have 
increased value very largely, also the personal property, without 
any necessary increase the value the franchises. Its past value 
was founded upon the opportunity obtaining these enormous and 
excessive returns upon the property the company, without legislative 
interference with the price for the supply gas, but that immunity 
for the future was, course, uncertain, and the moment ceased and 
the legislature reduced the earnings reasonable sum, the great 
value the franchises would once and unfavorably affected, but 


how much not possible for see. The value would most 
certainly not increase.” 


The Court did not concur the increase the franchise value, and, 
dismissing this subject, says: 

“What has been said herein regarding the value the franchises 
this case has been necessarily founded upon its own peculiar facts, 


and the decision can form precedent regard the valuation 


franchises generally where the facts are not similar those the case 
before us.” 


appears, then, from this, the latest case, that: 

1.—The view the lower Court that franchise intangible value 
not separable, and that there value must determined 
from the earnings, concurred the Supreme Court. 

2.—That the arbitrary increase franchise value, the lower 
Court, proportional the normal increase the physical property, 
not concurred in. 

appears that the acquiescence the State 
the franchise value 1884 the main reason for permitting that value 
stand, and would seem follow, from the reasoning the Court, 
that very questionable whether any franchise intangible value 
based excessive rates should allowed stand. 

Another view franchise values, stated George Benzenberg, 
Past-President, Am. Soc. E., discussing water-works franchises, 
follows: 

“Some contend that franchise simply and purely privilege 
given the municipality water company utilize the streets 
for the purpose laying system pipes through which may dis- 
tribute and deliver water. not license business, but 
privilege use public streets, alleys, and grounds. that 
interpretation the proper one, the value the franchise, the 


the property purchased another company, represents 
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all the great value that such franchise possesses the original 
holder, together with all the privilege confers; but the event 
purchased the city, dispossessed that certain element value, 
and think for that reason stipulated many the ordinances 
that value shall placed the franchise appraisers.” 


the paragraph just quoted, evident that the term “franchise” 
used restricted sense, and refers the ordinance contract 
from municipal corporation granting the right operate specific 
terms, rather than the broad use the word indicating all rights 
derived from general laws special contracts grants. The point, 
however, applicable the any corporation occupying public 
ground. 

believed that enough argument has been adduced show that 
any attempt give separate value the different elements that enter 
into the intangible value property very risky proceeding 
the part appraisers, and support further the contention that, 
business proposition, the value any property depends its earnings; 
that the franchise simply protects the owners the property their 
enjoyment those earnings; that the value the franchise merges 
the “fair value” the property, and that the franchise can have 
special value itself unless the earnings the property are excess 
usual and fair rate the actual investment. case there are 
surplus earnings, they measure and determine not only the value the 
franchise, but also the value all other non-physical elements. this 
true, any readjustment rates, any restriction operations, 


other form legislative control which would unfavorably and vio- 


lently affect earnings, bound hold down franchise non-physical 
values; would not seem possible read into the various decisions 
any intention the part the Court base the right demand fair 
return anything but the “fair value the property being used.” 

The writer, therefore, reaches the following conclusions regarding 
non-physical values: 

all the different non-physical elements value are in- 
separable. 

2.—That the case very many properties, non-physical value 
can attach, and many cases this value will negative subtrac- 
tive quantity. 

monopoly business congested territory, which the construc- 
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tion, strategic position, economic excellence design, 
such that, schedule rates which fair and reasonable for com- 
petitors less advantageously situated, earning secured which 
excess usual returns, non-physical value considerable magni- 
tude may very properly assigned. 

4.—That, for the computation non-physical values, the income 
account the property under consideration affords the only legitimate 
basis, but even then consideration must given duration fran- 
chise, reasonableness rates, and other modifying conditions, and 
also, possibly, the purpose for which the appraisal made may deter- 
mine whether not non-physical value may used. The language 
the Court the Knoxville and Omaha apparently leaves this 
open question. 

This brings substantially the conclusion reached Professor 
Adams 1900, and study the method laid down him 
shows nothing that cannot accepted fair and reasonable. His 
plan should extended cover subtractive values the case 
properties showing deficit. 

This method has the merit being based the actual earnings 
and expenses the company under investigation and the value 
the property already computed. does not introduce 
mass purely supposititious figures, nor depend hypothesis. The 
proposition simply this: property earns only its operating ex- 
penses, including therein proper depreciation reserves, taxes, and such 
percentage its actual invested could earned that 
invested good non-taxable bonds other like security, 
worth more than its physical property worth. earns 
more than that, due the franchise, going concern, other in- 
tangible elements value, and determine that value, capitalize the 
surplus. 

takes several years for property reach its normal earning 
after construction completed, and the investigation 
property comparatively recent construction, where the gross and net 
earnings show steady annual increase, the application negative 
subtractive value should made with great caution; but where the 
earnings have been fairly uniform and stationary for period years, 
and the property does not sufficient sum care for deprecia- 
tion and annuity, clear that the value earning investment 
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less than the determined physical value, and that the physical valuation 
should reduced some amount arrive the “fair value.” 
The Courts hold that public service corporations are entitled 

(a) Operating expenses, 

(b) Expenses maintenance and running repair, 

(c) Taxes, 

(d) sinking fund from earnings cover depreciation and 

obsolescence, and 
(e) reasonable profit the fair value the property. 


investigation non-physical values should then include 
analysis operating expenses, determine that additions and better- 
ments property are not included therein. 

The general practice corporations the past has been ignore 
any reserve cover depreciation and obsolescence. If, the begin- 
ning operations any property, such sum should annually set 
aside out earnings should, when invested sinking fund, main- 
tain the integrity the investment, then this amortization fund 
any period, plus the depreciated value the physical property, should 
equal the amount the total capital actually invested the property. 
most this has not been done, and the Supreme Court the 
Knoxville Water Case holds that, reason the failure create such 
fund, whether due carelessness, excessive dividends, other cause, 
the company must lose the amount capital represented the de- 
preciation that has taken place. making computation intangi- 
ble values, certainly proper consider the income account 
averaged over period years avoid violent fluctuations gross 
net earnings, and depreciation reserve should determined for 
such years, cannot claimed that, unless such amortization 
fund earned, addition other operating expenses and taxes, there 
any non-physical value. 

Professor Adams covered the depreciation the Michigan work 
the annuity which was deducted before non-physical values were 
computed. The writer inclined step farther than Professor 
Adams, and hold that, before any intangible values can attached 
the property, should earn not only all operating expenses, taxes, and 
reserve for depreciation, but also interest the actual investment 
equivalent the return that would had were the money invested 
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non-taxable bond, say 4%, and that any earnings excess such 
sum might termed properly “earnings franchise,” intangible 
values. 


this basis, then, rule would formulated, being that Pro- 
fessor Adams, with some modifications: 

1.—Deduct from gross earnings from operation the aggregate 
operating expenses, including operating expenses anual sinking 
fund amortize the depreciation and obsolescence, and the remainder 
may termed “income from operation.” 

this income from operation add income from investment, 
giving “total income,” which represents the amount the disposal 
the corporation for the support its capital and for the determination 
its annual surplus. 

“total income,” deduct taxes, rents paid for lease oper- 
ated property (provided such property not included the appraisal), 
and improvements chargeable income. The remainder represents 
the income after all charges against operation property, and main- 
tenance the integrity the capital investment have been cared for. 

4.—From this remainder deduct such percentage the value 
the physical property (representing invested capital) would equal 
the income that capital invested government other non-tax- 
able bonds. The remainder would represent surplus, which, capitalized 
proper rate, would equal the value intangible non-physical 
properties, which added the appraised value the “physical 
property.” 

5.—If, instead surplus, deficit occurs, careful study all 
the conditions surrounding the operations the property should 
made, and, there reasonable expectation increase earnings, 
other modifying conditions, proper figure, based the average de- 
ficit, should determined, and, negative intangible value, de- 
ducted from the value the physical property. 

6.—In the determination rates, used computing income 
and for capitalizing surplus deficit, the greatest care must 
exercised adopt such figures will proper and absolutely just. 


CoNCLUSION. 


The subject valuation appallingly great that, notwithstand- 


ing the length this paper has reached, many points have not been 
covered. 
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earnings, which practically that adopted Professor Adams his 
commercial valuation, has been attempted; nor has any attempt been 
made describe the stock and bond method. method 
adaptable the requirements any public appraisal. 

The so-called cash investment property, the actual cost 
construction through the entire history the property, cannot sus- 
tained any process argument proper method valuation, 
nor can the method computing the cost construction ade- 
quate modern property assumed replace the existing property. The 
scope valuation must limited the property exists the 
date the appraisal, and would equally fallacious include non- 
existent and long-perished facilities, assume hypothetical and 
never-existing property. 

There are many intricate problems connection with valuation 
for rate-making taxation which really belong these undertakings, 
not valuation. They are usually brought into the discussion valua- 
tion, but have been here excluded. Among these are the separation 
interstate from intra-state business, and others, great interest, 
true, but foreign the subject valuation. 

The question the fair return money invested not referred 
to, for the reason that has bearing valuation, and for 
the further reason that has been quite exhaustively the 
papers listed the Appendix. The writer desires make clear the 


fact that not low rates per se. The rate must 


determined meet the special requirements each investigation. The 
Supreme Court Maine says (97 Maine): 


“The reasonableness the rate may for time affected the 
degree hazard which the original enterprise was naturally sub- 
jected. That such hazard only may have been justly contemplated 
those who made the original investment, and not unforeseen and 
emergent risks, and such may made demanded 


ample and fair policy.” 
While the Supreme Court the United States, Willeox vs. Con- 


solidated Gas (212 S., 12), fixed rate 54% reasonable that 
they said: 


“No particular rate compensation must all cases regarded 
sufficient for capital business enterprises. Such com- 
pensation must depend greatly and locality. Among 
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other things the amount risk the business important factor, 
well the locality where the business conducted and the rate 
expected and usually realized there upon investments somewhat 
similar nature with regard the risk attending them. There may 
other matters which some cases might also properly taken into 
determining the rate which investor might properly ex- 
pect hope receive and which would entitled without legis- 
lative interference. The less risk, the less right any unusual return 
upon the investments.” 

10%, 15%, more, reasonable. 

The writer has herein endeavored narrate the story the Michi- 
gan appraisal some detail, review briefly subsequent similar work, 
present the main points the legal decisions bearing appraisal 
practice, and present his own views proper and legitimate 
methods valuation the light judicial opinions. has attempted 
this the spirit absolute fairness, without permitting either 
early years training corporation service, more recent investiga- 
tions for State and city, bias the presentation truths. 

The subject one which has not attracted the average citizen suffi- 
ciently compel him give deep study. Those who are familiar 
with all too frequently have views biased interest, and hardly 
conceivable that any final conclusion will reached until each and all 
the main issues are determined the Courts. When thus deter- 
mined, will done with wisdom and with justice. impossible 
study the cases referred without being impressed with the absolute 
fairness this great tribunal. Quotations from decisions have been 
ineluded considerable length order obviate the criticism that 
the references not convey the exact meaning the Courts. 

The writer acknowledges the valuable suggestions, criticisms, and 
information furnished him Professors Henry Adams, Mortimer 
Cooley and Pence; Mr. Henry Gray, Engineer the Rail- 
road Commission, Washington; Mr. Jurgensen, Engineer, Rail- 
road and Warehouse Commission, Minnesota; Mr. Bion Arnold, and 
others who have made possible the presentation data regarding State 
and other appraisals. 
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Railroad 


“The Appraisal Plants for Public Services.” Nicholas 
Hill, Jr. The Engineering Record, June 8th, 1901. re- 
view the principles which property valued when 
purchased private parties municipalities. 

“The Value Railways and Their Capitalization.” New- 
comb. Railroad Gazette, August 29th, 1902. Abstract from 
Yale Review, August, 1902. 

“The Census Office Railroad Valuation.” Railroad 
Gazette, September 1st, 1905. the work 
Professor Henry Adams, Statistician the Interstate Com- 
merce Commission, and his assistants. 

“Railroad Taxes and Plans for Ascertaining the Fair Valuation 
Railroad Property.” The Railway Age, September 
1905. Report presented the meeting the National As- 
sociation Railroad Commissioners, Deadwood, Dak. 

“Railroad Valuations State Reports.” Professor Harold 
Bowman. Railroad Gazette, September 8th, 1905. Abstract 
report, which explains briefly the systems valuation 
provided for the laws the several States, with critical 
review the systems and administrative reports. 

“The Determination Physical Values.” Clinton Burns, 
Am. The Engineering Record, September 16th, 
1905. Presents mathematical formula for fixing deprecia- 
tion articles, based age, with quite complete demon- 
stration the theory presented. 

“Valuation Railroad Property.” Henry Fink. 
way Age Gazette, July 24th, 1908, brief review 
several methods. 

“The Valuation Railways.” (Serial.) Age Gazette, 
January 22d, 1909, thorough discussion the sub- 
ject, and one the best presentations from rational 
corporation standpoint. 

“Some Neglected Factors Fair Valuation.” 
way Age Gazette, March 5th, 1909. 
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“Railway Capital and Values.” W.H. Williams. (Serial.) Rail- 
way Age Gazette, April 2d, 1909, seq. address setting 
forth length the views the railway managers who oppose 
valuation property for any purpose. 

“Valuation Street Railway Properties.” 
Journal, June 19th, 1909. general discussion the subject. 

“Commercial Valuation Railway Operating Property the 
United States: 1904.” Bulletin 21, United States Bureau 
the Census. Contains exhaustive discussion sundry 
methods valuation. The most complete series papers 
valuation yet published. 

The Chicago 

Report the Common Council Railroad Valuation. 

Arnold, Am. Soe. E., Cooley, and Pont. 
The Michigan 

“Expert Valuation Railway and Other Corporate Property 
Engineering News, December 20th, 1900. descriptive paper. 

“What the Value Railroad for the Purpose Taxation?” 
Charles Hansel, Am. Soe. Railroad Gazette, April 
19th, 1901. Discussion the work done Professor 
Cooley, and valuation general. 

“Michigan Railroad Appraisal—Valuation Physical Properties.” 
Professor Mortimer Cooley. Bulletin 21, Bureau 
the Census, 76. 

“Michigan Railroad Appraisal—Valuation Non-Physical Ele- 
ments Railway Property.” Professor Henry Adams. 
Bulletin 21, Bureau the Census, 78. 

The Minnesota Appraisal.— 

“Valuation Railway Property.” <A. Cutler. Year Book, 
University Minnesota, 1908. account the methods 
used for obtaining and checking the information. 

Report the Valuation Railways Minnesota, January, 1909. 
Minnesota State Railroad Commission. 

“Valuation Railways Minnesota.” Railway Age Gazette, 
February 5th, 1909. descriptive article. 

The Texas Appraisal.— 
‘Railroad Franchise Values Texas.” Coverdale, Assoc. 
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Am. Railroad Gazette, February 12th, 1904. 
methods used Texas. 

“Methods Used the Railroad Commission Texas Under the 
Stock and Bond Law, Valuing Railroad Properties.” 
Taylor. Transactions, Am. Soe. E., Vol. LII, 328, seq. 

The Washington Appraisal.— 

“Report the Washington Railroad Commission the Valua- 
Am. Soe. April 1909. 

“Wisconsin Railroad Valuation.” Taylor, Am. Soc. 
Bulletin 21, Bureau the Census, 82. 

“The Appraisement the Physical Value Wisconsin Railways 
for the Purpose Taxation.” Taylor, Am. Soe. 
Engineering News, March 31st, 1904. 

353. 

“Report the Tax Commission.” Taylor, Am. Soe. 
Report the Wisconsin Tax Commission, 1907, 269. 

“The Work the Joint Engineering Staff the Wisconsin Tax 
Journal, Western Society Engineers, Vol. XIV, 73. 
(Abstract.) Engineering News, March 4th, 1909. 

Water-Works 

“Water-Works Valuation and Fair Rates, the Light the 
Maine Supreme Court Decisions, the Waterville and Bruns- 
wick Cases.” Leonard Metealf, Am. Soe. 
bibliography the subject water-works valuation may 
found Mr. Metealf’s paper.) 
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Discussion.* 


AND 


design essential branch successful bridge engineering which, 
the past, has been neglected the training and 
constructing and designing engineers. Until the last few years con- 
action the part bridge owners, designers, and manu- 


produce pleasing structure was almost unknown. 


the early days bridge building the practice awarding the contract 
for the construction bridge the lowest bidder, whose design 
was prepared competition with those other bridge companies, 
was one the most sources ugly structures; but, degrees, 
change for the better has been taking place. 

increasing number cases, the information furnished 
bidders nowadays sufficiently exact eliminate some the earlier 
sources trouble. practically all important structures and 
more and more common structures, the type design, including its 
esthetic treatment, least partly settled when the bidder asked 
Thus the designing engineer and those associated with 
him assume increasing responsibility the general appearance 
bridge. 

designing long-span bridges, the engineer confronted with 


Proceedings for September, 1910, and presented the November 2d, 
ers 


the problem adapting single and comparatively new material 
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uncommon use. This itself would present unusual difficulties 
the way satisfactory esthetic treatment; for must borne 
mind that our conceptions pleasing structure are derived from 
past existing works. this respect, is, some degree, unfortun- 
ate that the most suitable material for the construction bridges 
great magnitude should not better adapted esthetic treatment; 
yet the superiority accorded stone and masonry may due less 
merit than longer familarity with their uses con- 
struction. 

Since bridges, including many ordinary crossings, are being built 
increasing extent monumental structures, their esthetic design 
becoming correspondingly increasing importance. 
effect any structure can attained one two ways, or, perhaps, 
the proper combination both: 

First, keeping constantly mind the purpose for which the 
structure being designed, and proportioning its principal features 
that the utilitarian and economical elements are blended, yet 
simultaneously discerned and appreciated the observer. such 
structures, architectural effect should attained without recourse 
embellishments ornamentation any kind, the effect arising solely 
from line and mass. Most masonry bridges, and also steel bridges 
very long span, are included this class. such structures 
form important features the surrounding landscape, the 
utmost importance that painstaking and exhaustive studies given 
them. 

second method producing satisfactory architectural effect, 
structure which otherwise would have distasteful appearance, 
the addition certain amount proper screening, but always 
such manner not hide the leading features the design. 
The Alexander III Bridge, Paris, one the most successful 
illustrations this method treatment. 

The question where engineering ends and architecture begins 
the bridge not easy one settle, and, consequently, 
undesirable establish hard, fixed rules for the control esthetic 
principles; nevertheless, may lay down few fundamental princi- 
ples which are always found satisfactory esthetic structure, unless 
violated for good and obvious reasons. The author has mentioned 
some the requirements, such symmetry, odd number spans 
decreasing length from the center toward the ends, relative position 
crown arches and roadway, ete. then says: 


these conditions appear, they are nevertheless acci- 
dental, and cannot put forward the cause the satisfaction felt 
viewing structure; the finding the true cause this 
satisfaction, however, the vital point for discussion, carrying with 
hint shape design that will esthetically effective.” 
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Then goes seeking that cause, and concludes saying: 


this fight for supremacy, between opposing forces, the display 
the tensest energy, the strength the arch action, the parry 


thrust and its safe guidance earth, which ever appeal the 
imagination and reveal the beauty.” 


This conclusion hardly accords with the majority opinions hereto- 
fore expressed. the writer these very conditions symmetry, odd 
number spans (up the point where becomes necessary count 
them determine whether they are odd even), and position road- 
way, are elements entering into good-looking bridge. There are two 
other elements, however, which the writer would put the head 
the list: One these the author casually mentions; the other 
neglects entirely. 

The first fitness, not only regard strength and economy, 
but also surroundings. The author says: “fitness cannot regarded 
causing the esthetic effect bridge.” seems the writer that 
the subject deserves more attention than Mr. Grimm has given it. 
course well known that there are very few structures which cannot 
made strong enough, and, therefore, fit for use; they may even 
satisfy the requirements economy and yet inappropriate, for 
strength and economy may combined structure and yet may 
out place account the surroundings. such fitness 
has everything with the question the proper design 
adopted for given crossing. other words, the special purpose for 
which structure erected should regarded such paramount 
importance its design créate the mind satisfactory impres- 
sion the suitability that particular design for meeting the 
exigencies the case. 

illustration, consider the Niagara Gorge. account the 
enormous natural abutments available, the writer has yet see more 
satisfactory bridge design for this location than some form the arch. 
Again, referring the East River, account the comparatively 
level banks, and, consequently, the absence suitable means for resist- 
ing the enormous thrust which arch design would require, both 
fitness and economy seem point the suspension bridge being 
the most appropriate design yet suggested. 

The-second element simplicity, one the most eminent qualities 
truly esthetic structure; for every case the most beautiful and 
satisfactory results are obtained the simplest arrangement parts. 
maze members, some true, some false, and, occasionally, others 
redundant, such may seen long cantilever truss, creates any- 
thing but favorable impression the mind, because one unable 
distinguish glance the particular function each member the 
structure. the suspension bridge the arch, however, there are but 
five members: the roadway, the spandrel suspenders, the arch ring 
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cable, the piers towers, and the abutments anchorages. 
needs special education training distinguish peculiar 
function each these elements; even the most ignorant cannot 
but understand the necessity for each. 

While these elements fitness, simplicity, symmetry, number 
spans, position roadway, are means all that may enter 
into properly designed bridge, yet claimed that they have more 
with making structure pleasing than merely the fight for 
supremacy between opposing forces. Furthermore, his defence 
the arch, the author mentions conditions which (the writer infers 


would have believe) place the value the arch above that 
other designs. For example, says: 


like that gravity acting along vertical line 
common phenomenon, constantly before our eyes, that has 
ceased interest us, certainly not any marked degree, while, 
the contrary, the appearance inclined horizontal strikes 
the mind something new, and awakens interest.” 


far this statement concerned, what about cantilever bridges 
with horizontal inclined lower chords carrying enormous 
These fulfill the conditions specified and illustrate further the 
rule, cantilever bridge far from being pleasing structure 
arch suspension bridge. 

Before leaving the subject arches, may well point out 
one assumption made the author his designs Plate CLXII, 
which rarely obtains span opening the size the one discussed, 
and which essential not the controlling feature economy 
the adoption his design arches. Reference made the 
character the approaches. order that such design should 
suitable, gigantic natural abutments are necessary. These the author 
has supplied his design, but says nothing about them his 
paper. <As rule, such bridges are required only the lowlands 
the country, across streams with wide-spreading, sloping, alluvial banks, 
furnishing natural support for the well-nigh inconceivable thrust 
which such design requires. might not difficult select 
suitable for such bridge; but the question would 
whether the accommodated would warrant the expenditure 
required. Doubtless much that the author has left unsaid hinges 
the question approaches. 

When properly designed, suspension bridge can hardly sur- 
passed any other type point esthetics; still, the author seems 
feel that necessity for small horizontal movement the cables 
the tops the towers contradicts the function column 
affect its esthetics. While this movement should means 
neglected the engineer, yet, far affects the appearance 
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bridge, amounts nothing. conditions maximum angular 
the deflection the columns properly designed tower 
for bridge not exceeding the maximum span yet constructed, 
practically unnoticeable. The rocker-bent, suggested the author 
substitute, open the more serious objection that its proper 
esthetic treatment would require tower with narrowing base, which 
entirely variance with esthetic design. 

the whole, then, although the steel arch may have before 
great theoretical field usefulness applied long spans, the writer 
can hardly believe that will find many applications actual cross- 
ings, account the reason just cited; neither can agree with 
the author’s opinion “that skilfully designed arch bridge superior 
every respect any cantilever suspension bridge.” 

Each type has its own field usefulness, and although the field 
one may overlap that another for certain locations, may 
hardly expect see any one design fully supplanted another. 


Am. Soc. E.—The author discusses the 
arch principle the abstract and frequently succeeds illuminating 
the subject from uncommon point view, which awakens many 
dormant suggestions the reader and leads further speculation 
and ideas. The paper deserves full and extended discussion 
engineers interested long-span bridges. Such discussion would 
bring out many novel points view, and should prove mutual 
benefit. 

‘Mr. predilection for the arch principle and, among arches, 
for the upright arch, appears rather early his paper. Evidently 
based the “estimates weights for bridges widely different 
designs, three arch bridges, cantilever, and suspension bridge,” 
which estimates, the author states later, has made. However, 
appears that other types bridges are dismissed too summary 
manner favor the upright arch. The inverted arch suspension 
bridge certainly deserves more consideration and deeper study its 
merits. 

may well remember that survey actual achievements 
discloses the significant fact that the length span the longest arch 
has been doubled its rivals, the cantilever 
pension bridges. The arch type, therefore, has overcome the strides 
made these rivals, and prove that more economical 
construction, stiffer use, and handsomer appearance. This the 
author virtually undertakes prove for the upright arch. his 
opinion, the crescent arch the most economical, most rigid, and the 
best looking type bridge for long spans such as, for instance, 
span 1800 ft. Throughout the paper argues his case three 


points, namely, economy, stiffness, and looks; but fails 
convincing. 
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data are given the author, which would enable the reader 
compare, some way, his designs cantilever and suspension 
bridges and those the arches denoted Types and Bridges 
the dimensions compared are not built too frequently, and their 
design not yet standardized. Such structures require much study, 
and may easily possible that individual differences their design 
may suffice overcome the differences tonnage computed the 
author. 

the table estimated weights the author gives that the sus- 
pension bridge 000 tons, that the arch bridge 000 tons, 
and that the arch bridge 45000 tons. According this 
estimate the suspension bridge weighs 7000 tons more than arch 
bridge and arch bridge weighs 8000 tons more than arch 
bridge 

The only difference between Bridges and that the side 
trusses Type are curved with versine ft., while those 
Type are horizontal. This difference outline, which, first 
glance, appears great importance, is, however, sufficient, 
according the author’s statement, cause difference 000 tons, 
15%, the weight arch bridge How much variation 
design would then required overcome the difference less than 
12% between the estimated weights the suspension bridge and 
arch bridge 

This mentioned merely illustrate the writer’s statement that 
the author has sufficient data for comparison the 
different types discussed. The objection may made that the author 
has endeavored design the different types according uniform rules 
and specifications, and that the comparison but will 
admitted that the design suspension bridge will differ very 
materially from that arch bridge many important points, 
beginning with the choice the versed sine the length the panels 
and ending with the proper allowable stresses the component parts 
the suspension bridge. Engineers will first have satisfied that 
the best equally good designs the different types have been shown 
for comparison, before they will ready accept any estimated 
weights, even made able engineer. 

This again can illustrated one the author’s assumptions. 
the bridges compared are supposed nickel steel throughout. 
hardly good engineering the present time make the floor system 
bridge nickel steel except case extreme necessity. bridge floor 
needs stiffness, and this can supplied well and less cost 
structural steel. Nickel steel not stiffer than structural steel, the co- 
efficients elasticity being practically the same; nor are floor beams 
and stringers designed exact theoretical sections any point. Con- 
stant sections and least thicknesses plates and angles require much 
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overrun. The greater strength nickel steel, therefore, could not 
utilized advantage floor system. the floor systems 
all the bridges have been assumed the same material, and, 
first thought, the comparison fair all types; but second thought 
will disclose the fact that suspension bridge, especially one with wire 
cables, will carry uniformly distributed fixed load, such the floor 
system, more economically than any other type considered. The writer 
believes that floor system structural steel, which, course, would 
heavier, would show the suspension bridge more advantageous. 

suspension bridge would solve the problem, provided great care 
was taken its design railroad bridge, but the writer does not 
consider the best solution. Skilfully designed, the bridge proper 
shows economy and has pleasing appearance, but also has dis- 
advantages. The tonnage influenced considerably the anchor 
chains and anchorages, and particularly the towers and the general 
stiffness. Further, noted that the effects due temperature 
changes and yielding the anchorage masonry, and also the deflec- 
tions, are considerably greater suspension bridges than arches. 
very difficult inspect the anchorages, which serious draw- 
back, the safety the bridge dependent them, and the anchor- 
age masonry very costly item.” 

The writer does not agree with the above statement the author. 
Skilful design and great care are required for any type long-span 
bridge, and discussions various types always tacitly assumed 
that the design the height the art, and that the best care 
given it, arch, cantilever, suspension bridge. The effects due 
temperature changes and yielding anchorage masonry are not 
considerably greater suspension bridges than arches. There 
reason why they should differ for arch Type and suspen- 
sion bridge identical spans and versed sine. For suspension bridge 
the elongation the main span, due increase temperature, 
the curve being the same length, will the same; that due the 
side spans will greater, the length the back stay curve 
greater than that the horizontal chord the side span the arch 
type For the dimensions used Mr. Grimm the writer has com- 
puted the difference about the side-span effect, 
the total effect, temperature changes. Against this the counteracting 
effect the tower elongation for the same change temperature 
added, which will make the total effect due temperature changes 
the same for both types. This also holds true for the effect yielding 
the anchorage masonry. 

The greater deflection the suspension bridge due only the 
higher stress used for the cable wire; if, for instance, nickel-steel 
chain eye-bars used, having the same unit stresses the arch rib, 
practically the same deflection will result. This, course, presupposes 
equivalent depth stiffening trusses. 
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not difficult inspect the anchorages suspension bridge 
proper provision made for it. If, present practice, the 
anchor chains are embedded concrete, they cannot inspected. 
This done because the experience century has demonstrated 
the best way preserving them. There is, however, difficulty 
leaving the anchor chains open for inspection. true that 
anchorage masonry costly, but abutment masonry for 
extremely heavy arch thrust transmitted horizontal direction, 
which has resisted the stability masonry abutment. 
not true, stated the paper, that suspension bridge 


far more sensitive yielding its supports than any arch bridge. 
With towers hinged the foot and shallow stiffening truss will 
be, the contrary, less sensitive. For equivalent proportions the 
same sensitiveness will result. 

The author proceeds demonstrate the inherent safety the arch 
bridge paradoxical example. Suppose, says, the side spans 
the abutment masonry offer resistance the thrust the arch, 
“even then the central ribs under their own weights would survive the 
injury, but stressing the steel nearly the elastic limit.” The 
author finds the realization this supposition improbable, but possible, 
“for example, earthquake.” bridge would 
destroyed “long before the pull the anchor chains reached the zero 
value.” This true, but why the failure the river piers the 
arch not just possible “for example, earthquake” 

reply the above paradox may brought the more rational 
argument that the stiffening truss suspension bridge may 
crippled without endangering the bridge, while chord the arch 
truss should fail, the arch all probability would collapse. 

The tentative proposal arch truss connection with wire 
permanent carrying member sounds well the abstract. 
The question however order, why build suspension bridge carry 
the fixed load, most it, and arch the remaining load 
Would not better add sufficient steel build suspension 
bridge the required stiffness, and omit the arch altogether, and 
cheaper the end? Where would the supposed economy the 
arch assert itself the combination cable and arch? 

the practical application counterweights the enormous 
weights represented the pull exerted the cable ends suspension 
bridges long spans, the are great necessarily 
expensive. 

Not knowing the forces computed the author, the writer ventures 
guess that the pull the cables carrying their own weight and only 
one-half the total fixed load the arch, will not less than 
10000 tons. take this weight the form counter- 
weight will prove costly materials and work. 
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reference made the paper the use counterweights 
the Loschwitz Bridge, Germany, the writer wishes quote from 
Professor Mehrten’s great work the evolution iron and steel 
bridges, published 1908: 


“The Loschwitz Highway Bridge has been opened 1893 and 
neither cable nor chain bridge. Its chords are riveted throughout 
and has three hinges. The pull the arch taken artificially 
bent lever system which hidden each end pier. this and 
other matters the bridge exceptional structure. Its peculiari- 
ties will, however, hardly cause imitation. After the experience 
century there need for artificial provision for the arch thrust. 


This method belongs the arrangements which have been denoted 
not worthy imitation.” 


The author’s discussion the esthetics bridges generally 
instructive and contains many good points, but his application 
these principles the arch bridge with extra deep crescent ribs, 
illustrated types and not very successful. 

The high esthetic valuation the arch type has been transmitted 
“esthetic habit” from the observation masonry arches. 
These arches and their proportions have satisfied our senses, and 
have formed the habit being pleased their appearance. These 
proportions show, however, such depth arch the crown the 
one proposed the author. comparison considerable number 
masonry arches will disclose the fact that the ratio depth 
the crown versine the intrados far less than 
the case the author’s other words, there far too much 
depth arch the deep crescent arch than compatible with 
good esthetic impression. 

The long panels which necessarily follow the great depth the 
arch, result lines too far apart and give empty appearance. The 
observer will miss the simple, solid line the arch rib which his 
esthetic sense accustomed; will miss the rhythm recurring 
symmetric lines. 

The growing depth the toward the middle does not agree 
with the increase the resultant thrust toward the abutments, and 
does not give that sense safety and satisfaction which the author 
ascribes it. the esthetic appearance the crescent arch, 
opinions are divided. Some well-known authorities have compared 
the appearance man balancing his toes. The combination 
cables and suspended arch will not improve the appearance the 
structure. 

conclusion, the writer wishes state that credit due those 
engineers who have introduced nickel steel bridge building, and 
have expanded the field long-span bridges. The use high resist- 
steel will enable the bridge builder overcome heretofore 
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impossible difficulties, and will lead many interesting discussions, 
Mr. Grimm’s able paper being one the first this line. 


Fr. Esq. (by writer agrees fully with Mr. 
all essential points, and particularly his high estimation 
the value arched ribs, which require less steel than cantilevers and 
continuous trusses for long spans, the abutments relieve the 
part its work. Further, these ribs are subjected only small 
secondary stresses, they take first place respects, especially 
the floor passes over the crown, the case with masonry bridges. 
the other hand, they necessitate more massive abutments than 
bridges with simple trusses, and only applied advantageously 
the soil good. Compared with cantilever bridges, arch bridges 
are disadvantage point erection, but this can removed 
the application cable, proposed Mr. Grimm; however, 
such case, the rib would lose some its characteristic beauty. 

Suspension bridges require great tonnage steel for anchorages 
and towers, and that account the most favorable dip the cables 
cannot obtained rule, and for spans 1800 ft. financial 
conditions are not favorable for arch bridges. the other 
hand, the cables admit higher stresses, account excellent 
material, are less influenced wind, and, they need extra 
material for buckling, longer span than for arch theoretically 


possible. proper mode construction, possible avoid too 


great flexibility, which circumstance lesser importance with 
length span and dead load. While suspension bridge 
with stiffening trusses the usual depth would collapse under the 
hardly possible assumption complete yielding its anchorage 
masonry, the sickle-shaped arch would resist destruction account 
its great depth, but the stiffening truss would stand were given 
the same depth that the sickle. The secondary stresses sus- 
pension bridges with the common shallow stiffening trusses are smaller 
than those deep sickle trusses, one considers only such horizontal 
displacements the masonry under ordinary circumstances. 
The appearance properly designed suspension bridges quite 
satisfactory the play forces easily comprehensible, and, the 
writer’s opinion, the esthetic appearance such bridges compares 
well with through arches. The great difficulty inspecting the anchor- 
ages suspension bridges must considered particularly critical 
condition, and this difficulty, together with the financial question, are 


two the principal reasons why suspension bridges find such limited 
application Germany. 


(by can readily agree with Mr. 


Karlsruhe, Germany. 
Geheimer-Regierungsrat, Danzig, Germany. 
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interesting expositions when states that, for long spans, 
the arch rib many cases superior all other forms trusses 
with respect economy and esthetic effect; but the writer does not 
believe that this superiority exists all cases. 


The required tonnage steel not alone the guide judging the 


economy. true that the costs bridge are essentially dependent 
the tonnage the superstructure, that this quantity forms 
important part the determination economy, but the erection costs 
must also considered, and these are not the same for all trusses and 
under all The erection costs may least for sus- 
pension bridge; another case they may least for cantilever 
arch bridge; and the differences may large that the extra costs 
for greater tonnage are not only balanced, but possibly the bridge 
with greater tonnage may prove less expensive. Just im- 
portant, perhaps more so, are the costs the piers and abutments, 
which Mr. Grimm does not consider. The difference these costs 
may large that comparison between different bridges with 
respect economy disturbed. Assuming very poor soil, arch 
long span, and the hinges very high elevation, the safety 
the abutments may cause their cost essentially higher than that 
the superstructure. aiming reduction the total costs, 
under such one would not use arch ribs, and, apart 
from that, the consideration the safety the structure would lead 
one select bridge with vertical reactions. The writer perfect 
agreement with the view that the arched rib many cases very 
advantageous, for example, when the rise the arch comparatively 
great, the Aar Bridge, Bern, the Garabit Viaduct, across the 
Truyére, and others. 

The writer also thoroughly endorses the author’s statements 
reference the beauty arched ribs. There doubt that the 
arched rib, respects, preferable all other trusses, and 
its effect grander and more powerful than that suspension bridges; 
but one must not far designate all arch bridges beautiful, 
for Bridge according the writer’s taste, hardly satisfactory. 

All these objections, however, cannot detract from the importance 
Mr. expositions, which consist pointing out the great 
excellencies arch bridges from the viewpoint economy and 
esthetics. 

The writer adherent arched ribs, and has used 
them his most important bridges, namely, the Rhine Bridges 
Bonn and Diisseldorf, the bridge across the Baltic Sea Canal 
Levensan, and the Aar Bridge Bern. 

hoped that this interesting subject, now for discussion, 
will instrumental opening greater field application for arched 
ribs long spans, with their excellent features.. 
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EDMUND DORMAN LIBBY, Am. Soe. E.* 
24TH, 1903. 


Edmund Dorman Libby was born Lyman, Me., November 
1851. received his early education the public schools Jaffrey, 
H., which place his parents had removed 1867. 1875 
was graduated from Kimball Union Academy, Meriden. After his 
graduation from Dartmouth College, with the degree 1879, 
entered the Thayer School, and 1882 received his degree 
Civil Engineer. 

student the Thayer School, Mr. Libby was unusually 
mature for his years. With classmate mastered the contents 
Church’s “Descriptive Geometry” within few weeks his entrance 
examinations, and passed searching examination the subject. 

During his first vacation Mr. Libby was employed Inspector 
dredging harbor work under the charge United States Engineer 
Officer, and discharged the duties faithfully that received the 
maximum pay allowed for such service. After his graduation 1882 
entered the employ the Government Assistant Engineer the 
Mississippi River improvement, with headquarters St. Louis, Mo. 

1887 left the Government service enter the employ the 
Edgemoor Bridge and Iron Company, Wilmington, Del., where 
remained for one year. 1889, entered the service the New 
York, New Haven and Hartford Railroad Company, with headquarters 
Providence, remained with this company until 1894, when 
returned the Government Service and was appointed Assistant 
Engineer the works for the improvement the Mississippi River, 
below St. Louis, which were being done under the direction the 
United States Engineer Office. While this position Mr. Libby had, 
for some years, responsible charge the extensive operations for shore 
protection and regulation the channel dikes, mattresses, 
and commanded large men, towboats, barges, ete. 

November, 1901, Mr. Libby was obliged give his work 
account failing health. spent that winter Denver, Colo., 
hoping that the change climate would prove beneficial. This hope 
was not realized, however, and June, 1902, returned Concord, 
H., where died April 24th, 1903. 

June, 1887, Mr. Libby was married Miss Emma Curtice, 
H., who died 1902. was Knight Templar, 
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Member the Ancient Order United Workmen, and the Inde- 
pendent Order Redmen. 

brief summary some personal reminiscences associate 
the Mississippi River work, stated that Mr. Libby was very 
reserved man, working times all day without exchanging word 
with others the same office. was careful and conscientious 
almost excess, working and late into the night order 
accomplish work which would not entrust others. was 
excellent draftsman and skilled mechanic, and owned large and 
valuable collection fine tools various sizes and styles, which 
afterward found ready sale appraised value. 


Mr. Libby was elected Member the American Society Civil 
Engineers May 6th, 1885. 


THOMAS McKEOWN, Am. Soc. E.* 
Diep June Tru, 1904. 


Thomas was born Southampton, England, 1844. 
was taught surveying, leveling, and drawing the Ordnance 
Survey Great Britain, Southampton. From 1864 1869 was 
engaged, subordinate, making surveys and plans defensive 
positions Canada for the Imperial Government. was then 
employed the construction the Wellington, Grey, and Bruce 
Railroad, Assistant Engineer, from June, 1871, December, 1872, 
when was made Resident Engineer local charge the work 
until December, 1873. During part this time (1870 May, 1871), 
was also engaged surveys and plans the City Montreal 
for municipal and insurance purposes. 

For six months 1874 Mr. was Assistant Engineer 
location for the Hamilton and North Western Railway. From January 
May, 1875, located the entire line (70 miles) the London, 
Huron, and Bruce Railway, running through difficult country. 
was then appointed Resident Engineer the construction the last 
miles this road where remained until December, 1875. 

January, 1876, was appointed Chief Engineer the Hamil- 
ton and North Western Railway, which position retained until 
1881, directing the location the various sections, and having charge 
the maintenance way, until the road was completed 1879. 
From 1879 1881 was entire charge the maintenance way. 

1881 and 1882, Mr. McKeown was General Superintendent 


Memoir prepared the from information furnished Haven, 
Am. Soc. E., and from papers file 
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September, was engaged Contractor the construction 
the Marquette, Houghton, and Ontonagon Railroad. 
1884, went England, and, until 1890, traveled extensively 
there and France. his return the United States 1890, 
settled Buffalo, where engaged the retail trade 
contractors’ supplies, ete. 
Mr. McKeown became member the firm McKeown and 
Stowell, which, built the Norwalk Avenue and other 
large sewers Buffalo. payment for this work, the firm was 
obliged take sewer bonds, which had discount from 25% 
30%, and was compelled make assignment. 
The next two years (1894-1896) were spent Mr. McKeown 


surveying and building small sewers. then became member 


the firm Smith and and, 1897-1898, built the sub- 
structure the Chicago Street Viaduct. the death Mr. Smith, 
1898, the finances the firm were left such shape embarrass 
Mr. McKeown seriously. From 1899 1902, was engaged the 
construction sewers and cement walks. 1902 the firm 
McKeown and Johnson was organized, and, during 1902-1904, built 
the substructures the Louisiana Street Viaduct, the Perry Street 
the South Buffalo sewer, and the Lockport Bridge. 

June 2d, 1904, Mr. contracted pneumonia, and died 
his home Buffalo, Y., five days later. 

1884 Mr. McKeown was married Miss Mary Tempany 
London, England. survived his wife and three daughters. 

Mr. McKeown was elected Member the American Society 
Civil Engineers December 3d, 1879. 


JOHN JAY McVEAN, Am. Soe. E.* 


21st, 1910. 


John Jay was born Darien, Genesee County, Y., 
June 13th, 1850. was the second son John and Isabella 
and descendant direct line from the Clan MeVean Scotland. 

His early education was received the public schools and the 
Free Academy Rochester, Y., and the Rural Seminary 
East Pembroke, the fall 1869 entered Cornell Uni- 
versity, where studied for three years. 

Mr. began his engineering work the summer 1872 
the survey for the Rochester and State Line Railroad, and 
remained with this Company until the work was stopped the panic 
1873. During the greater part 1874 was Assistant Engineer 
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for the Erie Railroad, second-track work between Hornellsville and 
Corning, 1875 was employed Assistant Engineer 
the location and construction the Rochester, Hornellsville and Pine 
Creek Railway. 1876 went Michigan and served two years 
City Engineer Lansing. 1878 entered the service the 
Detroit, Lansing and Northern Railroad, which road was made 
Chief Engineer 1881. 1889, was also appointed Chief Engi- 
neer the Chicago and West Michigan Railway. 

Mr. held these positions until 1900, when failing health 
obliged him give active work. Partially recovering his health 
1905, engaged, until his last illness, consulting practice 
his home city, Grand Rapids, Mich. 1909 was chosen that 
municipality and the railroads concerned, prepare plans for com- 
prehensive system grade separation throughout the city. 

Mr. MeVean was able executive, engineer who combined 
theory with common sense, man sterling integrity and lovable 
disposition, and chief under whom loyal service was pleasure. 

During the last twelve years his life, Mr. suffered 
intensely and constantly from arthritis, but bore his affliction with 
courage and patient endurance rarely seen. 

1879, married Miss Rachel Shankland Ellicottville, Y., 
who, son and married daughter, survives him. 

Mr. was elected Member the American Society 
Civil Engineers September 3d, 1884, and served Director 
the Society from 1898 1900. was also Member the Western 
Society Engineers, and the American Railway Engineering and 
Maintenance Way Association, and, from 1894 1897, served 
Member the Board Public Works Grand Rapids, Mich. 


JAMES EAGER WILLARD, Am. Soe. E.* 


Diep 1909. 


James Eager Willard was born Lowville, Y., June 3d, 
1832. was educated the local schools and Lowville Academy. 

began his career engineer the early age seventeen, 
the Black River and Erie Canals, which was engaged from 
1849 1852, successively Rodman, Draftsman, and Assistant 
Engineer. During this time, and while yet very young man, 
had responsible charge important construction work, such locks, 
aqueducts, culverts, bridges, and three reservoirs for feeding the 
Eastern Division the Erie Canal. During the following two years, 
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1853 and 1854, was engaged the location and construction 
the Utica and Black River Railroad, first Transitman location, 
and later Division Engineer the construction miles the 
road. 

1855 Mr. Willard re-entered the service New York State and 
was engaged canal work, serving for two years Principal Assist- 
ant Engineer the construction the Black River Reservoir. 
1858 was appointed Resident Engineer the Minneapolis and 
Cedar Valley Railroad. 

From 1859 1871 Mr. Willard was engaged first the banking 
and real estate business, and then his father’s extensive woolen 
mills, and other branches manufacturing. tastes, however, 
inclined him return engineering, and, 1872, the 
position Principal Assistant Engineer charge surveys for the 
Lake Erie, Evansville, and Southwestern Railroad. 

Returning the New York State Canal work, was, 1873 
and 1874, Assistant Engineer charge the construction locks 
West Troy and Cohoes. After this was interested, for about 


year, railroad contract work the Cincinnati Southern Railroad, 


Kentucky. 


the spring 1875 Mr. Willard became Resident Engineer 
the Cincinnati Southern Railroad, charge the construction 
the foundations and masonry for the bridges over the Tennessee 
and South Chickamauga Rivers, and other construction work, near 
Chattanooga, Tenn. This work was completed 1876. 

From 1877 1883 was engaged, Assistant Engineer, 
charge river improvement work, first Colbert and Muscle 
Shoals, Tennessee River, under the direction Major King, 
Engineer Corps, the work being large and done under 
the direct hired labor system. Later, was engaged the improve- 
ment the Mississippi River, Carolina Bend, La., under the direc- 
tion Major Marshall, lately retired Brigadier-General and 

Resigning from the Government service 1883, Mr. Willard, 
Manager for the contractors, constructed the substructure for the 
bridge over the Ohio River Henderson, Ky., involving pneumatic 
foundations. After the completion that work was employed, 
for few months (1885), installing plant for tunnel work 
the New Croton Aqueduct. During the became mem- 
ber the firm Sooysmith and Company, having direct charge 
the field work the firm for about six years. During this period 
number important bridges were constructed under his direction, 
among which may mentioned that across the Mississippi River, 
Keithsburg, for the Iowa Central Railroad; the foundations for the 
Burlington and Northern Bridge Prairie Chien; the founda- 
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tions for the Chicago, Milwaukee and St. Paul Railroad Bridge 
over the Missouri River Kansas City; the bridge over the Missis- 
sippi River Fort Madison, for the Atchison, Topeka and Santa 
Railroad; the bridge Sibley over the Missouri River; three bridges 
over the Ohio, two Cincinnati and one Louisville; and bridge 
over Salt River West Point, Ky. 

After severing his connection with Sooysmith and Company, 
Mr. Willard went Portland, Ore., and built the substructure 
the bridge over the Willamette River, which involved difficult work, 
including the cutting off the piles for the pivot pier ft. below 
water surface. Shortly after this the firm Willard and Cornwall, 
Contractors, was organized, and under Mr. Willard’s direction, built 
the substructures for three bridges for the Atchison, Topeka and 
Santa Railroad over the South Canadian and Cimmaron Rivers; 
one Little Rock, Ark., with pneumatic foundations; one over the 
River Pekin, one over the Scioto River Chillicothe, 
Ohio; and the Grays Ferry Bridge, Philadelphia, the latter being 
completed 1898. Most these structures involved pneumatic 
work, and Mr. Willard, reason his natural abilities and ex- 
perience, became recognized expert that department engi- 
neering work. 

1900 and 1901 his firm constructed, contract, Lock No. 
the Black Warrior River, Alabama, and after this work was 
completed, the firm seems have been dissolved. 

1903 Mr. Willard was engaged, Resident Engineer, the 
construction timber-treating plant Granada, Miss., for which 
Walter Curtis, Am. Soc. E., was Chief Engineer. The 
work, which cost about was done the day-labor method, 
under Mr. Willard’s immediate direction. 

From 1904 1906, was engaged, Assistant Engineer, 
the construction Lock and Dam No. Green River, Kentucky, 
under the direction Captain (now Major) Burgess, Am. 
Soe. Soon after this Mr. Willard engaged, with his son, the 
lumber business St. Louis, Mo., where died March 8th, 1909. 

While Mr. Willard had not the advantage engineering educa- 
tion, was able to. attain, study, hard work, and close application, 
very creditable position his profession. possessed unusual 
executive ability, which fact, doubt, led him into the field 
tracting, where was very successful handling difficult work. One 
his associates some these business enterprises, Member 
this Society, writes: “Mr. Willard was able business manager 
construction work.” Another Member the Society says: 
sidered him representative the best type American con- 
tractors”; and Past-President the Society writes: grew 
entertain very high regard for Mr. Willard engineer possessing 
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great skill, sound judgment, and integrity. found that 
could entirely rely upon Mr. Willard the work thoroughly 
well, promptly, and the best advantage.” The writer can personally 
testify that, assistant large and rather difficult work requir- 
ing ability, care, accuracy, and close application, was efficient, trust- 
worthy, and absolutely loyal. 

Mr. Willard’s personal character those who knew him most 
intimately will warmest their praise. Modest, retiring, and 
gentle speaking, required close acquaintance with him appreciate 
the rugged and forceful traits character which lay beneath the 
surface, ready for action when occasion required. was good man, 
good husband and father, good friend, and good engineer. 

June 29th, 1859, Mr. Willard was married Margaret 
Brayton, whose death occurred several years previous that 
Mr. Willard. 


Mr. Willard was elected Member the American Society 
Civil Engineers May 1899. 


ROGER BROOKE IRWIN, Assoc. Am. E.* 
May 23p, 1910. 


Roger Brooke Irwin was born Westminster, Md., March 
1884. was the son the late Patrick Irwin, one time Chief 
Engineer the Baltimore and Ohio Railroad. Mr. Irwin received 
his early education the schools Westminster, and was 
graduated Mount St. Joseph’s College with the degree 
1901. 

Upon graduation, began his engineering career the construc- 
tion the Roxborough Filtration Plant, Philadelphia, Pa. 
entered the employ the Baltimore and Ohio Railroad Company 
survey and construction work. remained with this company, 
various capacities, until October, 1903, when became Assistant 
Engineer for the Western Maryland Railroad and was placed 
charge the construction coal and freight piers Port Coving- 
ton, Md., and hay sheds and coal yards Hillen Station, Baltimore, 
Md. was full charge the reconstruction bridges. 
severed his connection with this company March, 1907. From 
March, 1907, March, 1908, was the senior member the firm 
Irwin and Case, General Contractors for large amount plain 
and reinforced concrete construction for the Baltimore and Ohio Rail- 


road. During this time, Mr. Irwin was also City Engineer West- 
minster. 
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From October, 1908, May, 1910, was employed Chief 
Party for the State Roads Commission Maryland, charge 
survey work. resigned this position accept that Road Engineer 
Cecil County, which held the time his death, May 
1910, Elkton, Md. 

Mr. Irwin was unmarried, and survived two brothers and two 
sisters. was able, energetic, and efficient engineer, and man 
strong character, with the highest ideals courtesy, honor, and 
integrity. His disposition was such, that made friends wherever 
went. had the confidence and esteem all who came contact 
with him. was thoroughly proficient his work, and, had not 
death suddenly cut short his career, his continued success and 
honored position his profession were assured. 

Mr. Irwin was elected Associate Member the American Society 
Civil Engineers May 3d, 1910. 


SILAS GILDERSLEEVE COMFORT, Assoc. Am. Soe. E.* 


1910. 


Silas Gildersleeve Comfort was born Triangle, Broome County, 
Y., April 27th, 1863. was the son the Reverend Silas 
Comfort, D., prominent Methodist clergyman, and Sarah Ann 
Foster Comfort. 

his father’s side, Colonel Comfort was descended from Robert 
Comfort who, with two brothers, came this country from England. 
His great-great-grandfather, Robert Comfort, the son the first 
Robert Comfort, married Elizabeth Betts, daughter Captain Richard 
Betts and Whitehead Betts (the Hicksite Quakeress), 
Newtown, I., whose family was prominent the settlement 
Long Island. His great-grandfather, Richard Comfort, served both 
the Nester and Dutchess County Militias during the Revolutionary 
War, and his grandfather, John Comfort, who was prominent mer- 
chant, built the Delaware-Susquehanna Division the National Road, 
between the Hudson River and Lake Erie, which was afterward made 
the route the Erie Railroad. 

His parents died when was about six years old, and was 
reared his half-brother, George Fisk Comfort, eminent scholar, 
art and author, and his wife, Anna Manning Comfort, 
prominent physician and writer. Dr. Comfort gave him all the avail- 
able advantages education, treating him son. was tutored 
his half-brothers, and studied private and schools and 
Syracuse University, from which was graduated, receiving, 1882, 


Memoir prepared St. George Cooke, Assoc. Am. 


| 
34 
pa 
| 
| 
| 
| 
| 
| 


MEMOIR SILAS GILDERSLEEVE COMFORT [Memoirs. 


the degree from the College Liberal Arts, and, 1884, 
the degree Ar. from the College Fine Arts. 1887, received 
the first Master’s degree architecture (M. Ar.) ever given 
institution America. 

During his college vacations Colonel Comfort had charge, for 
time, the construction work the then new West Shore Railroad, 
between Utica and Savannah, Y., and was also employed the 
Phenix Iron Company, Phenixville, Pa., obtaining, this way, 
much practical instruction before was graduated. had special 
liking for the engineering structural steel, which was close 
student, and this fact, coupled with his unquestioned mathematical 
ability, rapidly advanced him the estimation the best engineers 
that period. 

the summer 1884 Colonel Comfort became Instructor 
Mathematics and Technical Drawing the Pennsylvania Military 
College (then the Pennsylvania Military Academy), Chester, Pa. 
1887 was appointed Professor Architecture and Instructor 
Civil Engineering and Technical Drawing, and 1889, received the 
degree from that institution. 1892 was made Professor 
Engineering and Astronomy, and was appointed Captain and 
Adjutant the College. 1895, was advanced the position 
Vice-President and was commissioned Lieutenant-Colonel the 
State Pennsylvania. 

the time his death, Colonel Comfort had been faithful and 
efficient officer the Pennsylvania Military. College for twenty-six 
years, and graduates from the institution during that time remember 
with profit his plainly spoken words advice. 

During his residence Chester, designed much structural steel 
work, notably that for the Library Yale University. The day before 
his death, was appointed Consulting Engineer the City 
Chester, supervise municipal work, the cost which was estimated 

Colonel Comfort was Past-President the Engineers’ Club 
Philadelphia; Mason; and Member the American Geographical 
Society. was also Member the Penn Club Chester, President 
the Board Trustees the Third Presbyterian Church, and 
Member the School Board, which capacity had served the city 
for number years, and was looked for advice regard the 
school system the municipality. 

was Charter Member the Sigma Psi Society which, later, 
became the Syracuse Chapter the Phi Delta Theta Fraternity. 

survived his widow and two children, sister, Miss 
Grace Comfort, New York City, and half-brother, Melville 
Lane Comfort, Monroe, Mich. 


Colonel Comfort was elected Associate the American Society 
Civil Engineers, March 1891. 
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WATER PURIFICATION PLANT, WASHINGTON, 
RESULTS OPERATION. 


The Washington filtration plant has already been fully described.* 
the time that paper was written (November, 1906), the filtration 
plant had been operation for only about year. has now been 
continuous operation for years, and many data the cost, 
efficiency, and methods operation, have the various 
records and books which have been kept. thought that 
brief review the results, and summary the records tabular 
form, will interest the members the Society, and also 
hoped that the discussion this paper will bring out the comparative 
results operation other filter plants. matter convenience, 
the following general description the plant given. 

Description the Filtration Washington filtration 
plant was completed and put operation October, 1905. con- 
sists pumping station for raising the water from the 
Park Reservoir the filter beds; filters the slow sand type, 
having effective area acre each; the filtered-water reservoir, 


papers are issued before the date set for presentation and dis- 
Correspondence invited from those who cannot present the meet- 
ing, and may sent mail the Secretary. Discussion, either oral written, 
will published subsequent number Proceedings, and, when finally closed, 
the papers, with discussion full, will published Transactions. 

Works for the Purification the Water Supply Washington, Allen 


Hazen and Hardy, Members, Am. Soc. Transactions, Am. Soc. E., Vol. LVIT, 
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having capacity about gal.; and the necessary piping 
and valves for carrying water, controlling rates filtration, etc. 

the pumping station, there are three centrifugal pumps, which 
are directly connected tandem compound engines; two sand-washer 
pumps; three small electric generating sets for furnishing electric 
light; and four 200-h.p., water-tube boilers. 

Each the centrifugal pumps has nominal capacity 000 000 
gal. per day when pumping against head ft., and each sand- 
washer pump has 2500000 gal. when pumping against 
head 250 ft. The electric light engines and generators supply the 
current for lighting the pumping station, the office and laboratory and 
other buildings, and also the courts and interior the filter beds, and 
for operating machine-shop. 

The filters and filtered-water reservoir are built entirely concrete 
masonry. The floors are inverted groined arches upon which rest 
the piers for supporting the groined arch vaulting. All this concrete 
work similar that the Albany, Philadelphia, and Pittsburg 
filters. 

The filters contain, average, in. filter sand and in. 
filter gravel. The gravel graded from coarse fine; the lower 
and coarser part acts part the underdrain system, and the upper 
and finest layer supports the filter sand. The raw water from the 
pumps the filters through riveted steel rising mains which 
have 20-in. cast-iron branches for supplying the individual filters. 
The filtered water collected the underdrainage system the 
several filter beds, and carried through 20-in., cast-iron pipes the 
regulator-houses. These regulator-houses contain the necessary valves, 
registering apparatus, for regulating the rate filtration, showing 
the loss head, shutting down filter, filling filter with filtered 
water from the underdrains, and for turning the water back into the 
raw-water reservoir, wasting into the sewer. From the regulator- 
houses, the filtered water flows directly the filtered-water reservoir. 
Generally, five filters are controlled from one house, but there are two 
cases where the regulator-houses are smaller, and only two filters are 
controlled from each. 

The dirty sand removed from the filters carried portable 
ejector through one more lengths 3-in. hose and fixed line 
pipe, the sand washers. From the sand washers, the washed 
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sand carried the reinforced concrete storage bins, each which 
has capacity 250 cu. yd., and such elevation that carts 
may driven under and loaded through gate. 

Until April, 1909, the sand was replaced the filters carts 
which were filled through the gates the sand bins. was then 
hauled the top the filter beds and dumped through the manholes 
the chutes, which could revolved any direction. These chutes 
were used prevent the sand from being unduly compacted the 
vicinity the manholes, and facilitate spreading the filters. 
Since April, 1909, all the sand has been replaced the hydraulic 
method. ejector placed under the gate the sand bin, and 
the sand carried reverse direction from the bin through the 4-in. 
piping and one more lengths hose the filter bed. This process 
has lowered the cost re-sanding considerably, and present indications 
are that will prove entirely satisfactory every way. 

The average effective size and uniformity coefficient the filters 
are shown Table 


Average Average Depth sand, 
Filter No. effective size, uniformity 
millimeters. coefficient. inches. 


0.32 1.88 600 
0.30 1.78 37.7 200 
0.32 1.77 40.2 000 
0.29 1.80 42.5 800 
0.34 1.74 44.9 700 
6 0.31 1.78 37.7 2 300 
0.29 1.72 40.1 300 
0.32 1.75 40.2 800 
0.30 1.69 89.5 500 
1.98 87.1 600 
0.29 1.66 100 
18 0.32 1.88 33.6 8 500 
0.29 1.66 600 
0.33 89.0 400 
0.33 1.78 42.3 600 
1.86 45.5 300 
0.34 1.80 48.7 100 
19 0.34 1.80 
20 0.34 1.87 39.0 2 700 
0.82 1.82 42.3 400 
1.74 45.5 200 
0.33 1.81 48.7 300 
0.35 1.80 52.0 600 
0.29 1.64 39.5 400 
0.31 1.71 100 
0.31 34.7 900 
0.33 1.93 300 
0.34 33.6 000 


Maximum... 


0.36 1.93 300 
0.29 1.64 33.6 800 
Average...... 0.32 600 
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Description Washington Aqueduct.—The water supply Wash- 
ington taken from the Potomac River, Great Falls, about 
miles above the city. that place, dam has been built across the 
river, which holds the water elevation 150.5 ft. above mean 
tide Washington. From Great Falls the water flows gravity for 
distance miles through 9-ft. conduit, three reservoirs, and 
tunnel. From McMillan Park Reservoir, the last the three, the 
water lifted centrifugal pumps about ft. the filters. After 
passing through the filters, flows the filtered-water reservoir, and 
later the city mains. its passage from Great Falls the filters, 
the water flows through three settling reservoirs, which have already 
been referred to. These reservoirs are known the Dalecarlia, the 
Georgetown, and the McMillan Park Reservoirs, and have available 
capacities 141 000 000, 140 000 000, and 180 000 000 gal., respectively. 

Potomac River water rather turbid, the turbidity 
being caused very fine particles clay. The river subject sudden 
fluctuations, being uncommon thing have turbidity 100 
one day, and 1000 the next. The high turbidity usually disappears 
about rapidly comes, and seldom higher than 500 for more 
than days time. frequently the case, however, that 
succession waves high turbidity will appear close together 


that the effect one has not disappeared before that another felt. 


The clarification the water supply begins the dam Great 
Falls. Here, clarification exclusion, for when excessive 
quantity mud appears the river water, the gates are closed, and 
the muddy water allowed flow over the dam and form mud-bars 
the Lower Potomac, while the city supplied from the water stored 
the three settling reservoirs. Until comparatively recent date, the 
excessively muddy water was never excluded, having been taken, like 
other decrees Providence, came. 

During the summer 1907, the practice shutting out water 
with turbidity 500 more was established for the warm months. 
This practice was discontinued during the cold months, was 
feared that very high consumption water might occur the time 
low water the reservoirs, and cause partial famine. During 
the winter 1909-10, however, the gates were closed, was the 
practice throughout the summer months. 


When the reservoirs are well filled, and the consumption water 
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less than 70000000 gal. per day, safe close the gates 
Great Falls for period about days. 

While considerable reduction turbidity effected each 
the reservoirs, the bulk the mud deposited the upper end 
Dalecarlia Reservoir. This reservoir had become completely filled, 
that, 1905, was necessary dredge channel through the deposit, 
order allow the water pass it. During the summers 1907 
and 1908, 10-in. hydraulic dredge removed more than 100000 cu. yd. 
mud which had been deposited this reservoir. The mud deposited 
Georgetown and McMillan Park Reservoirs fine that the accu- 
mulation many years not very noticeable its effect the depth 
water. 

The particles clay which remain the water after its passage 
through the three reservoirs, are exceedingly small that they 
not settle out any reasonable length time. Even the filtration 
the water through one more slow sand filters occasionally fails 
remove the last trace turbidity. This especially true the 
colder months, and not winter has passed when the water supply has 
not been noticeably turbid some time. 

general idea the quantity mud contained the river water, 
the quantity excluded closing the gates Great Falls, and that 
removed sedimentation and filtration, may gained from Table 
which is, course, only rough approximation. 

Table also shows that the gates were closed 10.50% the time, 
thereby excluding 40.06% the total suspended matter which other- 
wise would have entered the system. 

The turbidities, bacterial counts, and chemical analyses numerous 
samples water are shown Tables and The amount 
work done the pumping station, average consumption water, 
death rate from typhoid fever, and filter runs are shown Tables 

the time the filters were first put service, the sand 
bins had not been completed, and, consequently, the work cleaning 
the filters was carried the old-fashioned way scraping hand 
and wheeling out the sand barrows. This method cleaning was 
used from October, 1905, April, 1906; then the regular sand-handling 
system was commenced. 


times, during the first two summers the filters were operation, 
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considerable difficulty was experienced keeping them cleaned 
fast was necessary provide ample supply filtered water. 
For short period each summer was found necessary organize 
night shifts, and keep the work cleaning progress for from 
hours per day. 


TABLE 2.—Tons SysTEM, ETC. 


1909. 
1910. 

522 920.0 122 515 611 661 522 


order relieve the situation such times, the expedient 
raking was tried. This was first attempted with the filters filled with 
water; the effluent was first shut off order prevent downward flow 
water, and the filter was then raked harrowed from boats. This 
method was not satisfactory, however, the work was neither 
uniform nor thorough necessary. Later, the filters were drained 
the necessary depth, and the surface the sand was thoroughly 
stirred with iron garden rakes. The filters were then filled with 
filtered water through the underdrains and put service. 

This latter method proved satisfactory that has been resorted 
all times when the work was all pressing. When the runs were 
short duration, and the depth which the mud had penetrated the 
filter sand was slight, raking seemed nearly effective restor- 
ing the filter capacity scraping; could done hours 
laborers, and there seemed ill effects from lowered efficiency. 
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TABLE 
Average Months. 


(United States Geological Survey Standard.) 


RESERVOIRS: 


Great Falls. 


Dalecarlia Georgetown McMillan Filtered 
Outlet. Outlet. Outlet. water. 


Ave. Max. Ave. 


40 1 


1906. 


1909. 


Cone 


Reservoirs out service. 


7 
| 
Month. 
Jul 
| Oc 
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TABLE 3.—( Continued.) 


RESERVOIRS: 
Month. Great Falls. 
Dalecarlia Georgetown Park| Filtered 
Outlet. Outlet. Outlet. water. 

Max Max. Ave Max Ave Max Ave. Ave 
1910. 
January...... 000 857 200 150 115 
Fiscal years: 

Reservoirs out service. October June 30th. 
‘TABLE 
Averages Months. 
RESERVOIRS 
Month 
Dalecarlia Dalecarlia Georgetown |McMillan Park Filtered 
Inlet. Outlet. Outlet. Outlet. water. 

1906. 
February 900 100 800 550 
March.... 800 100 900 650 
August...... 700 100 200 190 
September 425 140 
300 950 650 270 
November... 800 100 200 220 
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TABLE 4.—(Continued.) 


RESERVOIRS 


Dalecarlia Dalecarlia Georgetown |McMillan Park Filtered 
Inlet. Outlet. Outlet. Outlet. water. 


1907. 

January..... 400 400 200 950 
February.... 000 950 000 700 
August...... 000 275 425 


1908. 


700 450 250 120 
500 100 650 825 
750 120 110 

November... 550 300 200 
December... 800 750 170 


1909. 
550 500 250 
350 275 250 130 
600 500 500 
1910. 
January..... 000 000 000 
February.... 000 500 000 
830 
800 
Reservoirs out service. 


October June 30th. 
December June 30th. 
February June 30th. 


* 


Month. 
‘ 
7 


re 
me oo oo On 
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TABLE 


Great Falls, MeMillan 


Filtered-| water 
Dalecartia 
Reservoir. reser- various 
Reservoir Outlet. arts 
Month. Inlet. water) city. 
1909. 
1910. 
Fiscal years: 


TABLE Sanitary CHEMICAL ANALYSES WEEKLY 


(Results Parts per Million.) 
(A) 


— 

MeMillan Park 0.028 0.126 0.154 0.0060 0.65 118.0 4:2 


(B) 


Dalecarlia inlet....... 0.000 0.016 0.0000 0.00 52.9 1.0 
Dalecarlia 0.000 0.040 0.0000 0.00 54.8 88.2 0.9 
Georgetown 0.000 0.044 0.0000 0.00 51.4 40.6 0.7 
MeMillan Park 0.000 0.010 0.0010 0.00 51.4 0.2 
Filtered water........ 0.000 0.000 0.000 0.0000 0.00 52.9 40.3 0.4 


*Summary daily sam ples water. 
Reservoir out service from July ist September 13th, 1909. 
Reservoir out service from September 10th October 4th, 1909. 
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TABLE 6.—(Continued.) 


Dalecarlia inlet....... 0.006 0.107 0.118 0.19 81.4 2.9 
Filtered water........ 0.002 0.029 0.0000 0.19 94.9 84.0 2.8 


*Summary daily samples water. 
Reservoir out service from July 1st September 1909. 
Reservoir out service from September 10th October 4th, 1909. 


chemical determinations were made during February, March, April, and May, 1910, 
account the rearrangement the laboratory and equipment. 


(A) 


Month. 


Fiscal years: 
1909-10.. 


filters. 


MILLION GALLONS PUMPED: 


sand washers. 


0.298) 
0.629) 0.157) 0.441 
0.8381| 0.207; 0.572 
0.761) 0.060) 0.467 
0.468) 0.141) 0.272 
0.307) 0.089) 0.174 
0.156 
0.284! 0.041) 0.178 
0.171 
0.715) 0.167) 0.474 
0.525) 0.069) 0.254 
0.281) 0.124) 0.207 


47.83) 0.875) 0.060) 0.453 


Lift filters. 


Coat 
CONSUMED 
PER 
TONS. 
EES 
8.4/10 
8.5) 
7.4) 


mt =F 


STATION 
DUTY, PER 
100 LB. 

COAL 
CONSUMED. 


Max 
Min. 
Ave 


= 

@ 


54.0 


Raw water shut off from city supply October 5th. 


(B) 


TABLE 7.—(Continued.) 
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Duty Cost coal 
per 


consumed. work performed. 


United States Geological Survey. 


Hours, PER MILLION GALLONS. 


FISCAL YEARS. 


69.80 71.08 64.05 
68.70 55.42 60.28 

62.70 

67.80 


The length runs, depth scraping, after the scraping 
raking, are shown Tables and 11. 

Sand the first three years operation, the sand 
was carried from the sand bins and dumped through the 
numerous manholes the filters chutes which could revolved 
various directions, order facilitate the spreading the sand 
evenly over the surface the filter. 

About year ago, however, this method was changed, substitut- 
ing sand ejectors for the carts. this method, ejector either 
attached to, placed directly under, the outlet gate the sand 
bin, the gate opened, and the ejector started. From this ejector, 


for increase decrease ash and British units determined 


TABLE 8.—AVERAGE CONSUMPTION WATER FOR TWENTY-FOUR 


OPERATION: WASHINGTON WATER FILTRATION PLANT 1575 


High-level the foot 


Size 
4 rows Slate 


WASHINGTON AQUEDUCT, D.C. 
EXPERIMENTAL FILTERS 
BELOW 
DALECARLIA RESERVOIR 
PRELIMINARY AND 
SAND FILTERS 
Coagulating Apparatus 


4"Supply from, Aqueduct 
FRONT ELEVATION 


Preliminary Filters 


PLAN FILTER-HOUSE AND EQUIPMENT 


6" 
High-level 
No. 1 ok No. 2 
| To Coagulating 
‘Effluent 3 
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the sand carried back through the line 4-in. fixed pipe, and one 
more lengths 3-in. hose, the point discharge the filter bed 
which being re-sanded. 
TABLE 
CoLUMBIA FoR THE Last YEARS. 


September. 
November. 
December. 
February 


PER 100 000 PER YEAR. 


September. 
November 
December. 
February 
Annual 
death rate 


Average 
monthly 
death rate. 


Filtered water supplied since October, 1905. 


“ 
q A 
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NUMBER DAYS SINCE MILLION GALLONS FILTERED SINCE 
Scraping. Raking. Scraping. Raking. 
Month. 
1909. 
1910. 
years: 


re-sanding filter, first filled with water the proposed 
depth the sand layer. The outlet end the hose connected 
3-in. pipe which supported boat, and the sand discharged 
through this pipe the point required. Work first begun the 
far end the filter, and gradually filled swinging the boat 
from side side and backing degrees the front end. 

first was feared that small quantity mud would 
deposited the surface the old sand, and that this mud would 
ultimately cause subsurface clogging. For this reason, when this method 
was first adopted, man was required rake the sand very thoroughly 
front the discharge. Later, was found that giving the end 
the discharge pipe slope about 45° downward from the hori- 
zonal, the force the current sand and water could depended 
cut the old surface sand any required depth, and move 
ahead together with the new sand, thus completely breaking the 
possible mud layer between the old and new sand layers. After having 


| 
| 
| 
4 
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used this method almost exclusively for months, which time 
eleven filters have been re-sanded, and 24531 cu. yd. sand have 
been replaced, there seems indication increased initial 
loss head. The sand very compact, and has apparent tendency 
separate into different sizes. The general appearance similar 
that very fine sand the seashore. The filters re-sanded this 
way have been considerably more efficient than those which the sand 
was replaced with carts, and yet, harmful results have been noted. 
The rate which the sand replaced shown Table 12, and the 
labor for sand handling given detail Table 14, which 
shows that quite perceptible saving has been effected the hydraulic 
method. 

The figures showing the cost for sand handling not include any 
charge for the quantity water used, that item having been carried 
the pumping-station account. 


No. 
FILTERS 


SCRAPED CUBIC YARDS WHEN LAST DEPTH, INCHES, WHEN 
WHEN LAST TREATMENT WAS: LAST TREATMENT WAS: 
TREATMENT 

WAS: 


Scraping. Raking. Scraping. Raking. 


Scraping. 


1909. 


Fiscal Years: 


Pape 
| 
| Apri 
May. 
June 
July. 
Augu 
Septe 
Nove 
1907. 
Febr 
Mare 
ay. 
June 
July. 
Sept 
Nove 
Dece 
1908. 
Janu 
May. 
Nove 
Dece 
1909. 
Febr 
Apri 
May 
uly 
Aug 
Sept 
Nov 
1910. 
Jani 
Mar 
May 


q 
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TABLE 12.—RATES SAND HANDLING. 


SAND REMOVED FROM FILTERS. SAND REPLACED FILTERS. 
1906. 
1907. 
1908. 
1909. 
218 955 9.0 620 9.6 
October...... 870 9.2 261} 350 9.0 
1910. 
058 9.9 284 871 13.1 
March..... 985 10.0 008 14.0 
642 10.9 166 17.0 
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The cost for pumping water for sand handling, including all labor, 
materials, and repairs, amounts $0.06 per cu. yd. sand ejected 
and washed, and $0.03 per cu. yd. for replacing. 

addition the water used for carrying the sand which being 
replaced, customary slight upward flow the filter, thus 
using about 500000 gal. filtered water per day for this purpose. 
Assuming the value this water the total cost for pumping, 
filtering, $3.80 per 1000000 gal., the cost per cubic yard 
sand replaced would about $0.02 when one ejector used, and $0.01 
when two are operation. 

not considered absolutely necessary have upward flow 
water the filter which being re-sanded, and not always done. 
was used, however, additional safeguard against the formation 


Strainers 


each way 


Concrete Filling 
this line 


Bottom Tank 
DETAIL STRAINER SYSTEM 
stratum mud between the old and new layers sand while the 
hydraulic method was experimental stage. 

The quantities sand removed from the filters per scraping and 
the rates sand handling are shown Tables and 12. 

Cost Operation.—It frequently difficult compare the relative 
cost corresponding items for different plants, because the different 
methods dividing the cost and the varying opinions the officials 
what should properly charged each item. 

order that the data may sufficient detail permit 
rearranged compare with other plants, list employees and 
charges for supplies given Table 13. This list accounts for the 
entire appropriation for the care and maintenance the filtration 
plant, including pumping the water the filters, parking and caring 
for the grounds, buildings, roads, sidewalks, The cost for the 


Paper 
Firs 
Sur 
Lab 
Jan 
Chi 
Oile 
Filt 
For 
Tin 
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Ski 
Fil 
PR ESS 

vari 
Tak 
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TABLE 13.—List Rates Pay, APPROXIMATE 
Cost 


Chief. Chemist and Assistant Superintendent 
Second Assistant Steam Engineer........ 080.00 
Laborers, $540 each ... 620.00 
Filter Foreman.......... 200.00 
Watchmen and Gauge Tenders, $800 each 
140.00 
900.00 
Storekeeper.. 900.00 
Painter...... 
900.00 
Skilled Laborers $600 each.. 400.00 
Watchman and Special Office 
Laborers, $1.50 per day for 800 days 150.00 
Teams, $2.00 per day for 200 200.00 
Filter supplies, tools, hose, repair roads, parks, shrubs, etc.. 820.00 
Pumping station supplies, oil, waste, packing, repairs, etc........ 570.00 


various items per million gallons pumped the filters shown 
Table 14, and the cost per yard sand handled Table 15. 

Preliminary Treatment.—Before the present filtration plant was 
designed, Rudolph Hering, George Fuller, and Allen Hazen, 
Members, Am. Soc. E., made investigation This 
was dated February 18th, 1901, and contained the following 
paragraph: 

consideration the full evidence, recommend the construc- 
tion complete system slow sand filters, with such auxiliary 
works may necessary for preliminary sedimentation, and the use 
coagulant for part the time. There reason believe that 
the use this coagulant will any degree affect the wholesomeness 
the water.” 

Notwithstanding this opinion, considerable prejudice existed among 
the citizens Washington the use and, 
finally passed, the bill providing for the construction the filters did 
not include appropriation for the coagulant. 
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TABLE 14.—Cost per 
(A) 


FILTER 
OPERATIONS: 

Experi- 
mental 


Month. and 


September... 


0.74 0.35 $0.07 0.16 2.87 

0.81 0.07 0.18 0.18 2.41 
0.72 0.36 0.08 0.55 0.18 2.70 
0.67 0.38 0.38 0.12 2.48 


Average...... 


Fiscal years: 


$0.02 for new sand-handling system. 


mping ain 
hand- 
ling. 
1909. 
July 
1909. 
0.15 $2.62 
2.88 
0.17 2.98 Nov 
0.08 2.58 
0.1 
1910. 
0.12 2.38 
anu 
Febr 
Mare 
Apri un 
May 
June 
Average...... 0.70 0.14 2.56 
Fiscal years: 
1907-1908 0.70 0.59 0.42 0.32 0.15 0.09 0.09 
1908-1909...... 0.72 0.61 0.41 0.22 0.01 0.18 2.44 
(B) 
1909. 
$0.01 
September... 0.01 0.08 0.44 
October......| 0.11 0.46 0.02 0.80 
0.78 0.10 0.34 0.02 1.87 
December.... 0.08 0.17 0.05 0.01 0.05 
1910. 
1906-1907; 1.00 
0.77 


TABLE 14.—(Continued.) 
(C) 
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FILTER 
OPERATIONS: 
Month labor- Sand grounds), office. Total. 
atory. Repairs, ete. 
hand- ete 
ling. 
September 0.88 0.98 0.20 8.42 
November ... 1.00 1.54 0.20 8.98 
December.... 0.98 0.86 0.17 2.69 
1910. 
February 1.01 2.62 $0.07 0.17 4.52 
1.18 1.09 0.31 0.07 0.13 2.96 
0.92 1.44 0.38 0.20 8.63 
1.42 2.90 0.38 2.16 0.16 7.86 
Average ..... 0.97 1.39 0.29 0.46 0.16 8.80 
Fiscal years: 
0.49 1.04 0.02 0.09 2.14 
0.60 1.24 0.66 0.41 0.09 0.04 
1908-1909...... 0.82 1.30 0.52 0.40 0.01 0.15 8.66 


The results obtained from operating the filters being such 
justify the conclusions the report referred to, experimental plant 
was constructed for the purpose studying the efficiency various 
methods preliminary treatment the water. This plant consisted 
three cylindrical concrete filter tanks, each ft. diameter. 

These tanks were filled with the layers gravel and sand necessary 

make them represent accurately possible the large slow sand 
units the main filtration plant. Means were also provided 
giving preliminary treatment the water supplying each these 
experimental slow sand filters. two cases, the preliminary treatment 
was rapid filtration, while the third consisted sedimentation and 
coagulation. The sedimentation tank was sufficient size, when com- 
pared with the area the experimental slow sand filter, represent 
the Georgetown and McMillan Park Reservoirs when used connec- 
tion with the large filters. The first preliminary filter was very similar 
construction and operation mechanical filter. The sand for this 
filter was taken from the main filters, and, consequently, was finer 


om 
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than generally used mechanical filters. The second preliminary 
filter was Maignen scrubber. consisted cylindrical concrete 
tank, ft. diameter and ft. deep, which contained in. 
cobble-stones the bottom, then, successively, in. egg-size 
coke, in. stove-size coke, in. nut-size coke, and in. 
sponge clippings the final top layer. 


TABLE 15.—Averace Cost ror 


Month. 


Scraping. Smoothing. Raking. Re-sanding. Total. 


ing from top to- 
2 feet above floor 


November.... 0.06 0.10 


0.04 0.07 0.01 0.02 0.14 
February 0.04 0.10 0.01 0.02 0.17 
March........ 0.04 0.06 0.01 0.01 0.05 0.17 
0.10 0.15 0.04 0.01 0.02 0.06 0.38 
0.02 0.01 0.01 0.11 0.18 
0.02 0.04 0.02 0.01 0.09 


Average.... 


Fiscal years: 


$0.01 $0.10 
0.07 0.17 0.01 0.17 0.45 
0.06 0.15 0.01 0.09 0.34 
November.... 0.10 0.23 0.02 0.02 
0.12 0.25 0.04 0.02 0.08 0.51 
1910. 
January...... 0.10 0.19 0.02 
February ... 0.07 0.15 0.01 
0.06 0.11 0.02 
0.07 0.09 0.08 0.01 
0.06 0.09 0.01 


| 
7 
| 
FY 0.05 0.10 0.01 0.01 0.01 0.08 0.26 
1905-06........ 0.06 0.29 0.02 0.06 eee: 0.04 0.47 
1906-07 ........ 0.07 0.20 0.05 0.02 “see 0.24 0.58 
es 0.09 0.14 0.03 0.01 0.02 0.13 0.42 
; 1908-09........ 0.07 0.15 0.08 0.01 0.01 0.14 0.41 
1909. 
Average.... 0.07 0.14 0.02 0.01 0.10 0.34 
Fiscal years: 
1905-06 0.07 0.35 0.04 0.07 eve 0.14 0.67 
0.06 0.19 0.08 0.02 0.17 0.47 
1907-08 0.09 0.15 0.08 0.01 eave 0.14 0.42 
1908-09 __. 0.06 0.14 0.03 0.01 cove 0.18 0.37 
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WASHINGTON AQUEDUCT, D.C. 
EXPERIMENTAL FILTERS BELOW DALECARLIA RESERVOIR 
COAGULATING BASINS AND APPARATUS 


Crose-baffle, extend- 7:93 
ing from top to o 

2 feet above floor 


SECTION B-B 


APPARATUS FOR DISSOLVING 
AND APPLYING COAGULATING 
SOLUTION 


i 


4 Flow is normally as indicated 
by arrows; larger basin may 


Sand Filter 
- No, 


Sand Filter 
No.1 


H H H | 2 feet of floor 
SECTION A-A 
Supply 
| 
7 
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The two preliminary filters were operated rate about 
000 000 gal. per acre per day, and the three slow sand filters rates 
from 3000000 gal. per day. 

This plant was put service during the early. part 
1907, and was kept practically continuous operation until the end 
July, 1908. 

For convenience referring the different systems, the combined 

rapid and slow sand filter will designated Filter Plant No. 
the combined Maignen scrubber and slow sand filter Filter Plant 
No. and the combined coagulating basin and slow sand basin 
Filter Plant No. 
The length run Filter Plant No. was relatively long 
first. The rapid rate filtration, however, tended carry the clay, 
which was suspended the applied water, considerable depth 
the filtering material, that the runs gradually decreased length 
until they were reduced about three days. Unfortunately, was 
necessary use unfiltered water for washing, which, together with the 
great penetration from the applied water, finally made necessary 
remove all the filtering materials, and wash them. 

Although this preliminary filter was operated high rate, its 
efficiency was quite satisfactory. fact, times when the applied 
water was comparatively good, very little work was left for the slow 
sand filter. times high turbidity, however, some the exceed- 
ingly fine mud the applied water passed through this filter, well 
the slow sand filter connected with it, and proved abso- 


lutely impossible produce clear effluent all times with 


combination. 


Filter Plant No. proved more economical and convenient opera- 
tion, but somewhat less efficient than Filter Plant No. Neither 
filter could depended give clear effluent when the applied 
water was turbid. 

the operation Filter Plant No. sulphate alumina was 
used when the applied water contained too much turbidity treated 
satisfactorily slow sand filters. 

When the water was comparatively clear, either one the three 
systems, slow sand filtration alone, was entirely satisfactory. 
times high turbidity, however, Filter Plant No. was the only one 
which could depended produce clear effluent. 
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DECEMBER, 1910. 
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WASHINGTON WATER FILTRATION PLANT. 
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WASHINGTON AQUEDU 


FILTRATION PLANT 
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HANDLING SYSTEM 


SAND 
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fair comparison between the results the three systems when 
treating turbid water January, 1908, given Table 16. 


Raw 


prelimi- sand prelimi- sand sand 
nary filter.| filter. filter.| basin. filter. 


January 12th... 

cleaning 
sand filter 


Table shows very clearly that neither Filter Plant No. nor 
No. would prove all satisfactory when treating turbid water, while 
No. could depended under all conditions. The results 
operation are shown detail Tables 17, 18, and 19. will 
noticed Table 17, that March 10th, 1908, Filter Plant No. was 
put out service and Puech system preliminary filters was 
substituted for it. 

The Puech preliminary filters consisted five units containing 
gravel varying sizes through which the water was filtered suc- 
cessively before was finally applied the final slow sand filter. 
general idea this system may obtained referring Fig. 

unfortunate that this system was not operation January, 
1908, when the water was cold and turbid. The results, however, 
indicate that would more successful than either Filter Plant 

Experimental Rate September, 1908, experimental 
plant consisting six small filters was put operation. The object 
these experiments was study the relative efficiencies and cost for 
the operation slow sand filters when operated different rates. 

The units the plant consisted cylindrical galvanized-iron tanks 


3 
Date. 
US 


Tanks to be Cylindrical ~ 
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ft. diameter and ft. high. filter sand these tanks 
was taken from the supply for the main filters. was supported 
gravel layers and supplied with underdrains suitable sizes for the 
proposed rate flow each case. 

The units the experimental plant were designated Nos. 
and and was the original intention operate them rates 
1000 000, 000 000, 000 000, 000 000, 000 000, and 100 000 000 
gal. per acre daily, respectively. 

This schedule rates was carried out general way with all the 
filters, with the exception Nos. and For these, the rates were 


0.35 10-15 45 

0.40 7-10 45 

0.40 4-7 45 

0.60 Coarse Sand 16 


0.90 Fine Sand 2.8 


and of Diameters given. 


DIAGRAMMATIC SKETCH SHOWING PROPOSED 
ARRANGEMENTS FOR TESTING PUECH SYSTEM 
OF WATER FILTRATION AT 
WASHINGTON D.C., U.SsA. 


” 
12 Gravel over * 
Under drains 


found higher than could maintained for any great length 
time, owing the deeper penetration the mud the filter sand, 
which caused high initial losses head, short runs, and deep scrap- 
ings. rate about 30000000 gal. was maintained the case 
Filter No. from the time was started September 9th, 1908, 
until November 8th, 1908, when was reduced about 000 000 gal., 
which rate was maintained thereafter until the filter was down 
February, 1909. 

the case Filter No. was found impossible maintain 
rate 100000000 gal. for more than very few days time. 
was started about this rate, however, the beginning each run 
and kept high possible for the remainder the time during the 
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PLAN 


Valve 


SECTION A-B 


WASHINGTON AQUEDUCT, D.C., 
FILTRATION PLANT 
EJECTOR 
SAND-HANDLING SYSTEM 


| 
8.40 


‘}uen 


ng. 


pipi 


TURBIDITY. 


meter 
from inle 


0.18 


FINAL FILTER. 


TABLE EXPERIMENTAL FILTER PLANT No. 
PRELIMINARY 
FILTER, 


o 

[<a] 
<q 

lor) 
| 


Date. 
700 800 
550 500 
Holiday. 
Sunday. 
550 280 
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TABLE 17.—(Continued.) 


ec 
ro. 


TURBIDITY. 


FINAL FILTER. 


0.14 
0.14 
0.14 
4 0.14 17 + 
0.14 


BACTERIA, 


TURBIDITY. 


TABLE 17.—(Continued.) 
FINAL FILTER. 


PRELIMINARY 
FILTER. 


oO 


Date. 
1907. 
Washed. 


WASHINGTON WATER FILTRATION PLANT 1595 


Papers.] 


TABLE 17.—(Continued.) 


BACTERIA, 


TURBIDITY. 


INAL FILTER, 


PRELIMINARY 
FILTER. 


WS 


ao 


mn 
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120 
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1907. 
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TABLE 17.—(Continued.) 


PRELIMINARY 
FILTER. FINAL FILTER. TURBIDITY. 


er acre 
y. 


filter. 


Loss head. 
inary filter. 


Rate, millions 
gallons 
dail 
Rate, millions 
gallons per acre 
daily 
Loss head. 
Applied water. 
Effluent, final 
Applied water. 
Effluent, prelim- 
inary filter. 
Effluent, final 


Effluent, prelim- 


co 


Washed. 


Ce on We 


Washed. 
47.30 
46.40 

Washed. 
40.60 
42.60 

Washed. 
42.60 
46.40 

Washed. 
45.60 


oc 
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140 
180 


ss 
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100 
120 
137 
112 


o 


Washed. 
45.60 
2.06 4.00 0.42 

Stopped, unable wash preliminary. 


a wo 
— 


Date. 
1907. 
Washed. 
Washed. 
Sept. 50.00 5.17 Sunday. 
1.25 
Washed. 
Washed. 
ashed. 
Washed. 
Washed. 
Washed. 
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TABLE 17.—(Continued.) 


PRELIMINARY 
FILTER. FINAL FILTER. TURBIDITY. 
907. 
Sept. 28..... 50.00 4.00 0.71 127 
Washed. 
44.10 2.85 0.82 105 Sunday. 
44.90 3.78 3.97 1.04 115 Lost. Lost. 160 
Washed. 
Washed 
Washed 
Washed. 
Washed. 
off remove sand preliminary filter order clean out the under- 
rains. 
Washed 
45.69 1.18 8.98 4.05 100 000 220 
48.20 4.08 8.99 4.37 900 270 160 
42.00 6.58 8.98 4.39 000 500 190 
Shut down for scraping. Removed 266 cu. cm. sand. 
Washed 
Washed 
46.40 8.74 8.98 0.20 Sunday. 
Shut down for fear washing with such muddy water. 
Washed 
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PRELIMINARY 
FINAL FILTER. TURBIDITY. 


relim- 
ter. 


inary filter. 


Loss head. 
inary 


Rate, millions 
gallons per acre 
daily 
Rate, millions 
gallons per acre 
daily 
Loss head. 
Applied water. 
Effluent, prelim- 
Effluent, final 
Applied water. 
Effluent, final 


Effluent. 


pa 


Shut down 


800 
Lost. Lost. 


2: 


turbidity too wash. 
0.33 
0.36 


om 
Ss 


Washed. 


3.97 
-98 
3.98 
4.00 
3.99 
8.99 
4.00 
4.00 
4.00 
4.00 
4.00 
3.99 
4.00 
4.00 
8.99 
6.34 4.00 
4.00 
1.38 4.00 
1.68 
2.04 4.00 
2.47 
8.03 
3.61 8.00 
4.18 2.99 
4.81 8.00 
5.45 
6.01 
2.99 


£ 


Date. 
q 
= 
19% 
1997. | Fe 
M., turbidity too high wash. 
Washed. 
Washed. 
Washed. 
Washed. 
Jan. 46.40 Holiday. 
Washed. 
8.....| 50.00 160 
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Date. 


—_— 


PUECH 


Rat 
millions 


YSTEM: 


es, 
gallons 


per acre daily. 


265 Vi 90 53 
265 170 
265 170 
265 170 90 53 
252 162 
155 
265 170 
265 170 
265 170 
170 
265 170 
265 170 
265 170 
265 170 
318 204 108 
294 189 100 
279 179 
179 
265 170 $0 53 
265 170 
265 170 
265 170 
265 170 
265 170 
265 170 
Shut 
cleaned coarse sand filter 
241 155 
241 155 
241 155 82 48 
252 162 
241 155 
241 155 
241 155 
241 155 
241 155 
241 155 
241 155 
252 162 
318 204 108 


Loss head. 


gallons per acre 


Rate, millions 


wo 2 


(Continued.). 


FINAL FILTER. 


Started 


1.82 


Applied water. 
prelim- 
inary filter. 
Applied water. 


— 


HS cow wrwwrwwwem 


BACTERIA. 


Effluent, prelim- 
inary filter. 


00 


—) 


filter. 


1908 
water when was drained; also 
a. 
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Date. 


TABLE 17.—(Continued.) 


PUECH SYSTEM: 


Rates, 
millions gallons 


per acre daily. 


155 


Rate, millions 


FINAL FILTER. 


gallons 
daily. 


Loss head. 


TURBIDITY. 


= ae 
4 


Applied water. 


OU BO CO COCO OT eons 


BACTERIA. 


Effluent, prelim- 
inary filter. 


Sunday 
700 
425 
300 
950 220 
400 600 
Sunday. 
600 
200 110 
450 320 
000 
100 150 
Holiday. 
Sunday. 
290 
300 
110 


‘= 
1908. 
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TABLE 17.—(Continued.) 


PUECH SYSTEM: FINAL FILTER. TURBIDITY. BACTERIA. 


relim- 
ter. 


Rates, 
gallons 
per acre daily. 


filter. 
inary filter. 


gallons per acre 
inary 


Loss head. 
Applied water. 
Effluent, final 


Rate, millions 
Applied water. 


Effluent, final 
Effluent, prelim- 


Effluent, 


8.00 
3.00 
2.99 
2.99 
2.99 
8.00 
2.99 
2.99 
8.00 
2.99 
2.99 
2.99 
2.99 
2.98 
2.98 
2.98 
2.98 
2.98 
2.97 
2.97 
2.95 


first seven runs. the end the seventh run, October 17th, 1908, 
the filter was given very deep scraping and re-sanded. 

The layer clean sand restored the original capacity, and the filter 
was operated before, but with gradually decreasing rates until 
December, 1908, when the rate was reduced about 40000000 gal. 
Even this lower rate was too high maintained without removing 
and replacing large part the sand. The rates, therefore, gradually 
decreased about 000 000 gal. March 13th, 1909, when the filter 
was again re-sanded. After this re-sanding the rate was reduced 
about 20000000 gal., and the filter was operated approximately 
that rate until was again re-sanded November 13th, 1909, when 
the rate was again reduced about 14000000 gal., which was main- 
tained until the filter was put out service February 28th, 1910. 

This experimental plant was service from September, 1908, 
the latter part February, 1910, for about years, and the leading 
results are summarized Table 20. 


Date. 


Papers.] WASHINGTON WATER FILTRATION PLANT 1603 


PRELIMINARY 


FILTER, FINAL FILTER. TURBIDITY. BACTERIA. 
1907. 
19.70 0.06 8.01 0.14 650 400 700 
19.60 0.06 8.01 0.12 600 900 700 
24.70 0.07 2.65 0.18 650 100 900 
37.30 8.40 0.11 850 950 600 
down for changes meters and piping. 
0.04 4.12 0.14 700 800 260 
53.20 0.04 4.08 0.15 700 700 290 
52.80 0.04 4.09 0.15 800 650 500 
53.00 0.04 4.10 0.16 650 550 200 
50.60 0.05 4.11 0.16 Sunday 
49.30 0.14 3.98 0.19 135 Sunday. 
52.60 0.16 3.98 0.20 170 700 100 
19.. 53.50 0.17 4.01 0.19 125 120 
48.20 0.17 4.01 0.20 140 Sunday. 
48.50 0.18 4.01 0.20 400 900 
48.00 0.22 4.01 0.19 310 220 
49.10 0.22 8.99 0.20 Sunday 
49.70 0.25 4.00 0.20 270 110 
down awaiting Mr. Maignen apply bone-charcoal. 
1.06 in. sand. Sunday. 
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Rate, millions 
gallons acre 
daily. 


50.00 


PRELIMINARY 
FILTER. 


Ry. acre 


Loss head. 
da. 


Rate, millions 


gallons 
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TABLE 18.—(Continued.) 


FILTER. 


Loss head. 


0.37 


PLANT [Papers. 


filter. 
inary 


inary filter. 
filter. 


Applied water. 
Effluent, 

Effluent, final 
Applied water. 
Effluent, 
Effluent, final 


COW AO 


TURBIDITY. 
Date. 
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Washed. 
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PRELIMINARY 
FILTER. FINAL FILTER. TURBIDITY. BACTERIA. 


Rate, millions 
gallons per acre 
daily. 

Loss head. 
Rate, millions 
gallons per acre 
daily. 

Loss head. 
Applied water. 

inary filter. 
Effluent, final 
Applied water. 
inary filter. 
Effluent, final 


Effluent, 


Piates lost. 


Plates lost. 


100 

drain and sand filter; 0.9 in. depth over all. 

service the rest month washing sponge and asbestos. 


0.02 


o 


R 
=] 


50.00 
50.00 
50.00 
46.40 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
.20 
51.00 
50.00 
49.10 
50.00 


Date. 
uly 27.... 
Sunday. 
Sunday. 
150 
1¢ | 
“ ee 45.60 ( 4 450 55 
Oct. 600 120 
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PRELIMINARY 
FILTER. 


as s 
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50.00 
50.00 
50.00 


= 


50.00 0.21 
50.00 
50.00 0.24 
50.00 0.27 
50.00 0.28 
49.10 0.30 
0.33 
0.35 
50.00 0.40 
50.00 0.43 
50.00 0.46 


0.48 
50.00 0.48 
50.00 0.49 
50.00 0.49 
50.00 0.50 
50.00 0.50 
50.00 0.51 
50.00 0.52 
50.00 0.55 
50.00 0.57 
50.00 0.58 


TABLE 18.—(Continued.) 


FINAL FILTER. 


Rate, millions 
gallons acre 
dai 
Loss head 


Applied water. 


filter. 
Applied water. 
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BACTERIA. 


Effluent, prelim- 
inary filter. 


000 


Effluent, final 
tilter. 


16 
1907. 
Dec. 10.... 800 950 
1908. 
Seraped. 


experiments. 


000 
000 


400 


TURBIDITY. 


for sedimentation 
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FINAL FILTER. 
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SAND FILTER. 


Shut down scrape 
basin and treating 


Loss 
head 


4.38 


TABLE 19.—(Continued.) 


TURBIDITY. 


sulphate. 
3.00 0.11 
3.01 0.10 
8.01 0.09 
0.10 
8.01 0.10 
8.04 0.11 
0.11 
3.00 0.11 
2.99 0.12 
2.98 0.17 
8.00 0.18 
0.18 


BACTERIA. 


Sunday. 


Sunday. 
460 


Effluent, 
coagulant. 


250 
260 


500 


400 
200 


850 


650 
550 


Effluent, 
sand. 


COAGULANT. 


Grains, per 
gallon 


oved. Cleaning coagu- 


Date. 
Holiday. 
June 900 000 150 


Interrupt: 
8.00 
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SAND FILTER. 


Loss 
head. 
Effluent, 
coagulant. 
sand. 
coagulant. 
Grains, per 
gallon. 
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Date. 
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26 
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2.99 
2.99 
3.00 
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Date. 
2.98 
8.00 
3.00 
3.00 
2.97 
8.00 
2.99 
3.00 
2.98 
8.00 
8.00 
2.98 
Scraped 
moved 
3.00 
8.00 
8.00 
3.00 
2.97 
2.98 
2.98 
3.00 
3.00 
8.00 
2.98 
2.98 
2.99 
8.00 
3.00 
2.99 
8.00 
2.98 
2.98 
2.99 
8.00 
2.98 
8.00 
2.99 
2.99 
2.98 
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Effluent, 
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coagulant. 
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TABLE 19.—(Continued.) 


SAND FILTER. TURBIDITY. BACTERIA. COAGULANT. 


Applied 
water. 
Effluent, 
coagulant. 


Effluent, 
coagulant. 
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SAND FILTER. TURBIDITY. BACTERIA. 


coagulant 
Effluent, 
coagulant, 
Grains, per 
gallon, 


mM 
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in. sand removed. 


1908 
8.00 
2.99 
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SAND FILTER. 


Date. 
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1908. 
June 
July 
0 
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19 
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Rate, million gallons per acre 
per day: 


Maximum........ 1.35 

0.62 

1.06 
Length days: 

181.7 


Million gallons filtered per acre 
per run: 


242.61. 
218.58 


Cubic yards sand removed 
per acre end each run: 


269 
269 
per acre per gallons 
Average initial loss 0.07 
Turbidity, influent: 
120 
Turbidity, effluent: 

Percentage, reduction.......... 95.0 
Bacteria, influent: 

180 000 

Bacteria, effluent: 
160 
Percentage, reduction.......... 96.7 
Number samples examined 
for bacillus coli influent: 
525 
511 
500 
Number samples examined 
for bacillus effluent: 
512 

480 

478 


802.82 


218 


95.0 
180 000 
100 
300 
8 

98.3 


584.67 
93.79 


672 
101 


272 


0.83 
0.51 
120 


90.5 
180 000 
200 
110 
97.6 


8.26 6.69 10.17 26.1 88.54 
42.0 14.5 10.1 0.67 0.62 

0.70: 0.94 1.55 1.72 

90.9 

1 2 2 

120 190 180 
459 452 418 318 817 
448 405 308 
452 454 404 296 
454 457 406 299 
406 410 261 276 
406 410 261 
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TABLE 20.—( Continued.) 


Filter number 


Number runs...... 


Percentage samples showing 
bacillus coli influent: 


cannes 


Percentage samples showing 
bacillus coli 


million gallons for 


tests presumptive. 


Number samples positive, in- 
fluent: 
226 211 201 258 186 152 
Number samples positive, efflu- 
ent: 
100 109 134 106 
41.2 44.2 42.2 59.2 45.2 
22.7 25.0 23.9 24.3 27.2 
10.5 12.8 11.9 12.3 18.2 
1.2 1.4 1.2 1.5 1.0 
24.1 29.5 24.2 34.3 
10.0 13.4 12.0 13.8 16.1 
1.9 8.1 3.8 4.2 4.5 
san $0.43 $0.25 $0.29 $0.33 $0.54 $0.60 
1.12 0.78 0.82 0.22 
1.41 1.06 0.86 0.82 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE WATER-WORKS AND SEWERAGE 
MONTERREY, MEXICO. 


INTRODUCTORY. 


Monterrey, the Capital the State Nuevo Mexico, 
built the site the old village Santa Lucia which 
was established 1583 the Governor the Kingdom Leén, Don 
Luis Carabajal. Four years later Carabajal was imprisoned the 
Inquisition, and the village Santa was abandoned its 
few inhabitants. 

1596, Captain Diego Montemayor, resident Saltillo, the 
adjoining State, wishing render service his king, Philip 
Spain, assembled his friends, and September 20th that year, 
proceeded establish town the site the old village the 
northern side the principal spring the place. The town was 
named “Nuestra Sefiora Monterrey” (Our Lady Monterrey), 
after the Count Monterrey (Ojos Santa Lucia Valle 
Extremadura), the ruling Governor New Spain, Mexico was 
then called. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


by 
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Monterrey approximately the center the State Nuevo 
Leén, 12’ west Mexico City, and latitude 26° 40’ 
distributing railway center the main line the National Railroad, 
270 km. from the Rio Grande Laredo, 1022 km. from Mexico, and 
520 km. from Tampico the Mexican Central Railway. the 
center many large industries, and the second largest manufactur- 
ing city the Republic. 


THE. 


The works described this paper were carried out under guar- 
anteed concession granted His Excellency, General Bernardo Reyes, 
Governor the State Nuevo Messrs. James Stocker 


and William Walker, Scranton, Pa. The concession dated 


October 19th, 1904, and for years from that date; the works for 
complete water and drainage system were finished years 


from the time their commencement. Before the works were designed 


and begun, the concession was acquired Mr. William Mackenzie, 
the firm Mackenzie, Mann and Company, Limited, Toronto, 
Ont., Canada, who, May 4th, 1906, organized the Monterrey Water- 
Works and Sewerage Company, Limited Servicio 
Agua Drenaje Monterrey, A.), under the laws the Dominion 
which company President. Mr. Mackenzie also 
President the Monterrey Railway, Light, and Power Company, 


Limited, which was constructing the street railways Monterrey 


with the water-works. Under the provisions the conces- 


sion, the Government appointed Financial Interventor, who had 
authority examine and check the company’s expenditures, and also 
Technical Inspector examine and report the construction. The 
duties these officials also apply the operation the system when 
the construction finished. The Government has the right, after the 
system has been operated years, purchase the entire property, 
subject months’ notice, for sum equal 16% times the average 
annual net proceeds during the preceding years. This right may 
exercised the end years, the end any 10-year period 
thereafter, years from the commencement operations. 


GEOLOGY 
plain the foot the Eastern Sierra Madre 
Mountains which the ‘of the Mexican Cor- 
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dilleran Plateau, and surrounded the magnificent mountains 
that.group, among the most notable which are the beautiful Mitra 
and Silla Mountains. the neighborhood Monterrey these moun- 
tains attain heights from 2400 m., and are noted for their 
jagged sky-lines. The leading geological characteristics 
the district are the uplifted limestones the older cretaceous age 
which form the main mass the mountains. 

Primarily, the mountains are compressional folds which, the 
Sierra Madre, near Monterrey, are close and vertically compressed.* 
The drainage areas the Santa Catarina River, which flows through 
Monterrey, and the Estanzuela and Silla Rivers, its tributaries, 
are limestone and shale; originally the shales were above the lime- 
stone, the convulsion which formed the Sierra Madre 
anticlinal fold, left the originally horizontal strata standing nearly 
upright, and subsequent erosion the upper part the anticline 
has exposed nearly vertical strata many places. The limestone 
being hard and resisting erosion, there generally, along the line 
contact, abrupt drop vertically the face the limestone 
the shale below. many places this abrupt drop broken 
limestone talus, but the line contact can generally 
traced. Mining operations these mountains have revealed the 
presence large caves considerable elevation, many which 
contain large reservoirs water delivered them through numerous 
faults. The river valleys’ are formed masses limestone con- 
glomerate and coarse gravels, re-cemented many cases the lime 
deposits the flowing waters. One the chief characteristics the 
superficial deposit carbonate lime from the evaporated waters. 
some places the largely mixed with conglomerate called 
“tepetate,” “impure sillar.” 

Topographically, the region around Monterrey distinguished 
the drainage the River Santa Catarina, which rises the 
Sierra Madre near the Laguna Sanchez, elevation 1850 m., 
shown Plate CLXXX. From this Laguna follows tortuous 
course between precipitous mountains through the Boca Santa 
Catarina Monterrey, for distance km., eventually finding 


Transactions, Am. Inst. Min. Engrs., Vol. XXXII, (1902), pp. 163-178. 
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its way the San Juan River, tributary the Rio Grande. 
Throughout its course disappears, flows underground, and again 
appears; and, except flood time, has subsurface flow for 
distance km. above the city. the Santa Catarina 
appears the surface, having normal flow about 1415 liters 
(50 cu. ft.) per sec., and its waters that point are divided into two 
parts and carried into irrigation canals. The drainage area the river 
above Monterrey 1410 sq. km., and its bed Monterrey between 
518 and 545 above sea level. 

Southward from Monterrey the country rises along the valley the 
Silla for distance km., where the Silla separated from the 
San Juan low divide, the former flowing northward Monterrey 
and the latter southeastward toward Allende. The Silla Valley 
bounded the east and west the steep ranges the Silla and 
Sierra Madre Mountains. The floor this valley gently rolling, 
but cut many arroyos which carry little water during the 
greater part the year. The chief feeder the Silla River the 
Estanzuela, stream which derives its waters from several springs 
coming the surface near the line contact between the limestone 
and the shale, elevations about 800 and 900 m.* above datum. 
The water-shed this stream rich with abundant vegetation due 
the precipitation being greater than the Santa Catarina water-shed. 
the south the divide the country well wooded, and Porvenir, 
km. from Monterrey, the garden spot the State Nuevo 
Here the rainfall much greater than any other point near 
Monterrey, and there are many streams which are used for irrigation 
purposes. Monterrey built plain, chiefly the north side 
the Santa Catarina River. This plain has general fall toward the 
northeast, and beyond the city slopes gently northward for several 
miles toward the Topo Grande River, and then southeastward join 
the great coastal plain the Gulf Mexico. The general elevation 
the city lies between the 519- and 550-m. contours. The Plaza 
Zaragoza, the center the city, 533.90 above sea level; the 
elevation the highest part the city, the western boundary, 
550.05 m., and the lowest part, the northeastern boundary, 
518.0 above sea level. 


Throughout this paper datum refers the height meters above the mean sea level 
the Gulf Mexico the Port Tampico. 
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AREA, AND 


The population Monterrey has increased follows: 


The greatest progress, will noted, was between 1891-1901, 
with increase more than 22000 years. designing the 
new works, provision has been made for the future requirements 
city 200000 persons. 

The actual area within the city limits proper 960.5 hectares 
acres), forming the area provided with water and drainage, 
but the municipal district extends many surrounding suburbs, and 
covers area hectares (83 426 acres). 


Mexico, FroM 1901 1909, 


DEATHS FROM TYPHOID FEVER. 
Popula- Deaths Rute 


Excluding deaths due drowning the great flood August 27th and 28th. 


Table gives particulars the death rate for 1901 1909, inclu- 
sive, and data relative the mortality due typhoid fever. The 
high death rate caused the excessive infantile mortality, which 
prevalent throughout the whole Mexico. The climatic condition 
Monterrey, with its exceptionally healthy subsoil, ought make 
one the healthiest cities, proper care were taken enforce 
sanitary laws. The data regarding typhoid mortality are probably 
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understated, they were compiled the writer, the absence any 
official publications, from the actual death certificates, but special 
care taken the authorities insure accuracy such certificates. 
Attention called the typhoid rate May, June, July, and August, 
1909; this high rate coincides with scarcity rainfall and the 
greatest period drought experienced years, and immediately 
precedes the great flood August 27th. was probably due the 
lowering the ground-water throughout the city and the consequent 
contamination the private wells, which were largely use during 
that time. Throughout the city the wells are sunk depth 
about m., order reach the subterranean waters, and the 
cesspools are often dangerous proximity them and much 
higher level. The the subsoil, which often much fissured 
and open the conglomerate and sillar stratas, would make the passage 
contamination easy matter, and this alone would account for 
high mortality due water-borne diseases. 


RAINFALL AND TEMPERATURE. 


The precipitation records Monterrey and its neighborhood are 
very meager, and cannot relied for longer period than from 
1894 1909, inclusive. The records are available from 1886, but 
the early years there are many apparent discrepancies, and they are 
probably inaccurate. The average rainfall for the years (1894-1908) 
21.94 in.; the driest years for this period are follows: 1894, 
14.14 in.; 1902, 15.29 in.; 1907, 15.23 in.; 1908, 15.11 in. Assuming 
the early records correct, the average rainfall for the period, 1886- 
1908, would 19.86 in. 

Saltillo, which miles due southwest, elevation 
about 1520 above sea level, the average rainfall for the years, 
1884-1908, inclusive, given in. The maximum year was 1889, 
with 334 in., and the minimum 1903, with in. 

Carmen, the State Tamaulipas, 144 km. southwest 
Monterrey, elevation above sea level, the average 
fall for years 24.70 in., the maximum year being 1897, with fall 
34.09 in., and the minimum year, 1905, with 13.41 in. 

Fig. shows the annual variation rainfall Monterrey for 
1894-1909. Fig. shows the monthly variation during the same period, 
and gives the minimum, average, and maximum for each month. 
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REINFORCED CONCRETE GIRDER ESTANZUELA AQUEDUCT. 


| 
q 


BRIDGE CARRYING ESTANZUELA AQUEDUCT. 


_ 
| 
| 


4 ar 
0 
et 
q r 
7 
q 
q 


Papers.] WATER-WORKS AND SEWERAGE MONTERREY, MEXICO 1627 


From these diagrams will seen that the months least rainfall 
are December, January, February, and March, with averages 0.66, 
0.59, 0.79, and 0.93 in., respectively. The months greatest rainfall 
are August, with average 4.39 in., and September with 4.87 in. 


The maximum any month prior was 16.75 in., during 
September, 1904. 


COVERING THE PERIOD FROM 


(COLEGIO CIVIL OBSERVATIONS) 
800 
= 25 
= 400 = 


1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 


Rainfall 1909.—The rainfall 1909 was unprecedented, causing 
the disastrous flood the Santa Catarina River, will referred 
when describing the works. Fig. shows the monthly rainfall for 
1906 1909, inclusive, and has been plotted show the variation 
rainfall prior the great precipitation August, 1909. that 
month there were two heavy falls, one beginning midnight 
August 9th, and during the following hours fall 13.28 in. was 
recorded the gauge the Water-Works Company’s general offices, 
10.20 in. which fell during the first hours. From 
August 10th, 5.019 in. were recorded, average 
in. per hour. 

After dry days, another rainstorm began, M., August 
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25th, and continued more less intermittently until August 29th. 


During this 98-hour period there was additional fall 21.61 in., 
11.27 in. falling hours. 


COVERING THE PERIOD FROM 
760 1894 1909 INCLUSIVE 


(COLEGIO CIVIL OBSERVATIONS) 


Millimeters 


Height, Inches 


240 
200 
160 
120 
Feb. Mar. Apr. May June Sept. Dec. 
Fia. 


The total precipitation during the month amounted 36.00 in. 
The highest previous record for the month August was 1895, 
with fall 6.61 in. Fig. gives the details the two heavy pre- 
cipitations August. automatic recording gauge was available, 
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the maximum intensity could only computed approximately, owing 
the intermittent character the readings taken from the ordinary 
rain gauge the roof the Water-Works Company’s office the 
city. From the readings thus obtained, was shown that the maxi- 
mum intensity occurred early the morning the 28th, and was 
nearly in. per hour. Above Monterrey, the Santa Catarina water- 
shed, believed that the precipitation was considerably greater, but 
gauges were accessible during the month. 

The total rainfall for 1909 amounted 47.46 in., which 75% fell 
August. This 50% greater than the previous highest annual 
record (31.65 in. 1900) for Monterrey. 

Monterrey from 1901 1909, inclusive. These records were taken 
altitude will noted that the lowest recorded tempera- 
tures are January and February. The lowest during these years 
was 24° Fahr., January, 1905. The monthly maxima vary between 
and 110° Fahr. The mean annual temperature 72.65° Fahr. (The 
mean annual barometer 28.2 in.) 


AVAILABLE Sources 


The question the best sources from which Monterrey should 
supplied with potable water was one that had been long under dis- 
cussion, and was the subject many investigations prior the 
granting the present concession. Several the original schemes 
called for impounding reservoir the Cafion Santa Catarina, 
and was the assumption that dam would built that clause 
was inserted the concession for the purpose making its con- 
struction obligatory. The general character the physical and geologi- 
conditions surrounding Monterrey has already been referred to. 
thorough study these conditions proved that suitable site for 
impounding the Santa Catarina River could found, apart from the 
fact that periodically this river subject enormous floods which 
tear through the steep with tremendous velocity. 

the site originally proposed for the dam, considerable under- 
flow was found, and later investigations, carried out under the present 
proved that, although borings were depth 
m., bed-rock could not found, the strata being composed 
gravels, conglomerate and sand. Assuming that such dam could 
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have been built, the quality the water draining from comparatively 
barren water-shed, which many thousands goats are pastured, 
would have made its filteration absolute necessity before could 
delivered the consumers. 

The various available sources from which water could deiivered 
the city gravity were investigated Mr. Hyde, the 
autumn 1905, and also Schuyler, Am. Soc. E., who 
was afterward retained Consulting Engineer for the Company. 
The various investigations made from time time showed that the 
question satisfactory supply was one extreme difficulty, requir- 
ing prolonged observation and study, more particularly into the char- 
acter the underground sources supply. 

One the chief characteristics many the streams the 
State Nuevo their disappearance and reappearance 
different points along their routes, and the Santa Catarina River, 
under normal conditions, already remarked, very notable 
example river which very dry the surface for many kilo- 
meters its length. the writer’s opinion, the waters this and 
similar rivers the State pass through many open caverns under- 
ground, that experience gained the investigation underflow 
waters other places would insufficient determine the quantity 
passing any point along the river ascertained merely computing 
from the velocity the underflow and the area the water-bear- 
ing gravels. The rainfall the water-shed the Santa Catarina 
River probably 25% greater than Monterrey, and all ordinary 
rains sink rapidly into the limestone soils and quickly disappear. 
another water-shed very similar character, namely, that 
the Rio Blanco, the southern part the State, the underflow waters 
appear the surface place called Mezquital, where metamor- 
phosed sandstone barrier prevents them from disappearing under- 
ground. this point the normal quantity water about 660 
liters (200 cu. ft.) per sec., but gradually disappears, and few 
kilometers below has sunk insignificant stream, finally dis- 
appearing altogether for about km. the neighborhood Mon- 
terrey similar conditions exist with regard the surface-water sup- 
plies, and investigations, therefore, were directed toward obtaining un- 
polluted supplies from springs and underground sources. 

Santa Catarina chief points from which was 


gw 


CONWAY 
WATER-WORKS AND SEWERAGE MONTERREY. 


Fig. 2.—PLACING CONCRETE BRIDGE CROSSING 


1.—VENTILATING COLUMN AND ENTRANCE 
END TUNNEL, ESTANZUELA AQUEDUCT. 


MANHOLE, ESTANZUELA AQUEDUCT. 


ts 


| 
iw 
q 
4 
; 


1901-09 


MONTERREY 


Papers.] WATER-WORKS AND SEWERAGE MONTERREY, MEXICO 
TEMPERATURE VARIATION 


1634 WATER-WORKS AND SEWERAGE MONTERREY, [Papers. 


thought desirable obtain underflow supplies were (1) the bar- 
rier San Geronimo, and (2) the Cafion Santa Catarina, both 
shown Plate CLXXX. 

Conditions San Geronimo, which only km. west Mon- 
terrey, were investigated the State Government 1892, deter- 
mine the depth bed-rock, the rock either side the valley being 
shale, with its original bedding planes standing almost vertical. 
determine this depth, borings were made driving 2-in. tubes until 
was assumed that bed-rock had been reached, method which, 
strata containing many boulders, was obviously unreliable. These 
borings indicated that bed-rock was from below the surface. 
these had proved correct, there doubt that develop- 
ment the underground water this point, constructing sub- 
merged dam combined with infiltration gallery, would have yielded 
large supply. 

March, 1906, the Company commenced operations San Ger- 
onimo sinking well few meters north the then dry bed the 
river. Water was found considerable quantities few meters below 
the surface, practically the level the river, that is, 570 above 
datum. This supply was used for provisional purposes, and will 
referred later describing the San Geronimo gravity supply works. 

Between August, 1906, and January, 1907, 4-in. bore-holes were 
sunk the river bed and the high ground the north with 
“Keystone” driller outfit. These borings showed bed-rock immedi- 
ately under the river bed, depth from m., but dipping 
gradually the borings were carried northward. 

Boring operations were also carried Santa Catarina, during 
November and December, 1906, and January, 1907, determine the 
geological conditions, and the results are shown Fig. From the 
area water-bearing gravels found, was proposed tap the under- 
flow water the 630-m. level infiltration gallery. This would 
have necessitated gravitation tunnel 3000 long, and aqueduct 
km., which was proposed carry one two distributing 
reservoirs Guadalupe, the south side the river, 
Monterrey. May, 1907, the writer, after making study all the 
available data which had been accumulated, had additional borings 
sunk farther across the valley the north, and these revealed con- 
siderable area water-bearing gravels, and proved that, former 
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geological times, the Santa Catarina flowed about 500 north its 
present position, and the back Obispado Mountain, instead 
through the city. This aspect the subject was discussed with Mr. 
Schuyler, who agreed with the writer that, the interest economy, 
was better tap this supply infiltration gallery the 560-m. 
level, and bring the water thus obtained reservoir placed 
the western limits the city, dividing the city, for distribution pur- 
poses, into two interchangeable systems, high- and low-pressure, 


Bore Hole 
No.1 

Banda Ditch 

San Pedro 


Bore Hole 
No.4 


2 


CROSS-SECTION 
SANTA CATARINA RIVER 
SANTA CATARINA 


the high-pressure system being supplied from Estanzuela, km. south 
the city. One advantage gained from this change was that 
the scheme was capable considerable extension, and any future 
developments Santa Catarina Cafion would form part the works 
constructed for both high- and low-pressure districts. 

The future extension the Santa Catarina sources, the writer 
believes, can developed best driving infiltration gallery 
below the surface the Santa Catarina River, little west the 
village the same name, and then conveying the water through com- 
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paratively short gravitation tunnel and pressure conduit main 
reservoir near San Geronimo having top water level elevation 
about 690 above datum. 

Southern Sources available sources supply 
southward from Monterrey include number springs various 
points distance km. Many these springs are uncertain 
quantity, and some are quite dry during periods drought. The 
chief perennial springs near Monterrey are those which contribute 
form the Estanzuela and Diente Rivers, both tributaries the Silla, 
while farther south, the Potrero Cerna, near Porvenir, there are 
excellent springs, considerable elevation, with minimum flow 
from 170 200 liters (from cu. ft.) per sec. The total 
quantity water available from all these springs during the driest 
season would probably not less than about 560 700 liters (from 
cu. ft.) per sec. 

The Estanzuela springs issue the foot the Sierra Madre 
Mountains, and have normal flow from liters cu. 
ft.) per sec. ordinary dry year; they probably derive their water, 
through the limestone formation, from the neighboring water-shed 
Santa Catarina, the catchment area the stream only 910 
hectares, and the stream has never been known fail, even the driest 
periods prolonged drought. The rainfall the area about in. 
per annum, and the catchment area well wooded and covered with 
abundant vegetation. The Diente springs have ordinary dry- 
weather flow about 284 liters cu. ft.) per sec.; but part the 
water carried underground, and the real quantity much greater 
and could developed small submerged dam carried down 
bed-rock. 

The elevation and the extreme purity the water the Estan- 
zuela River made its acquisition very desirable, and the Company, 
therefore, purchased the Federal water rights owned various members 
the Estanzuela community, amounting liters per sec., and 
has since acquired Federal concession all the flood-waters that 
river. was decided, therefore, adopt the Estanzuela River the 
first step toward developing the water the south Monterrey for 
high-pressure supply, the advantage the scheme being that from 
time time extensions could made tap other sources gravity, 
the demands the city required. The Estanzuela scheme, there- 
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fore, preliminary step toward future extensions which will 
necessary this direction the city grows. The springs near 
Porvenir, and others which contribute the San Juan River, can 
tapped sufficiently high level convey them gravity pres- 
sure line the Estanzuela Aqueduct near Mederos. 

The two sources definitely decided July, 1907, were those 
from the Estanzuela and San Geronimo Rivers. The works were 
designed supply 000 000 liters daily, which was assumed would 
sufficient for all future developments for population 
per capita consumption 200 liters per day. The present re- 
quirements the city’s population, assuming that all the water was 
supplied the Company, would be, that rate, which very liberal 
one, only 000 000 liters daily. This, was thought, would easily 
met the San Geronimo source alone, was estimated that 
would provide not less than 000 000 liters, the infiltration gallery 
was driven far enough into the water-bearing gravels. 

The question high-pressure water supply for use 
city like Monterrey not serious one, practically nine-tenths 
the houses are one story. The increase the number large 
commercial buildings, however, will make the demand greater the 
future, and this point has been kept mind arranging the divi- 
sion the distribution systems. 


FOR CONCRETE. 


the early stages construction the cement for the 
work was obtained from the Associated Portland Cement Manufac- 
turers, Limited, London, which supplied the “Pyramid” brand, from 
the Knight, Bevan, and Sturges Works, but later the supply was ob- 
tained from new factory Hidalgo, near Monterrey. The total 
quantity Portland cement used was bbl. “Pyramid” and 
32500 bbl. “Hidalgo.” The English cement was tested for the 
Water-Works Company London before shipment and again Mon- 
terrey, conform the British Standard Specifications; the “Hidalgo” 
cement was required pass the Standard Specifications advocated 
the Special Committee the American Society Civil Engineers. 
The quality each case was the very highest, difficulties being 
experienced any time. 
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Sand and Rock.—One the chief difficulties connection with the 
construction work its initial stages was procuring satisfactory 
sand for the concrete. investigation the quality all the avail- 
able sands the neighborhood Monterrey resulted the decision 
use manufactured sand obtained from the shales the 
foot-hills opposite the city, the south side, and near the site one 
the proposed reservoirs. quarry was opened, and the raw material 
was delivered gravity plane crushing plant, 230 from the 
quarry and level about lower. 

The plant consisted No. Austin gyratory rock-crusher, 
fitted with elevators and revolving screens various dimensions, driven 
150-h.p. Erie steam engine; two sets Traylor’s heavy-duty 
crushing rolls, one having 16-in. and the other 12-in. rolls; 
and Niagara sand disintegrator. This plant, except during short 
period when the requirements were beyond its capacity, was able 
produce all the sand and rock required for construction purposes. 
More than tons rock were quarried, the greater part which 
was converted into crushed stone and sand. 


Table gives the chemical analysis the chief constituents the 
various sands examined. 


TABLE SANDS THE NEIGHBORHOOD MONTERREY. 


No. Location. silica sesqui- lime 
(absolute), oxide, carbonate, 
SiO, Fe, CO; 
Seco, near brickyard Mon- 

60.10 17.95 2.89 8.01 

Seco, near brickyard Mon- 

Garcia Station, Mexican National 

R., Chiquito River, 50.22 9.72 1.44 34.62 

Chiquito River, No. 48.7 4.92 8.28 
Pesqueria 40.20 5.15 4.25 46.50 
Pits near Caballeros, Tampico Branch 

Mexican Central 5.6 4.4 10.1 
Catarina River, near San Geron- 

Catarina River, Monterrey.. 17.4 2.50 2.00 
rock, quarry foot- 

hills opposite Monterrey, Monterrey 

Water-Works and Sewerage Com- 


sand from above quarry 
(run crusher) 


51.80 12.14 8.7 82.6 
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The chief sands used for ordinary building purposes Monterrey 
are Nos. and 11, which are procured from the bed the Santa 
Catarina River. these sands contain large proportions lime car- 
bonates, which make them very undesirable for important structures, 
their use was limited relatively unimportant work. The best sands 
procurable were Nos. and but the long distance the pits from 
Monterrey, and consequently the heavy freight rate, made their use 
prohibitive economical grounds. The best the available sands, 
although was very fine, was No. from Hornos, near Torreon, 
could depended for uniformity and could obtained cars 
Monterrey for 3.18* pesos per ton. 

The bulk the sand and crushed rock used was similar Nos. 
and 13, and reference the cement sand tests Table will show 
that the manufactured sands gave very satisfactory results. 

Table gives the average tests made with the “Hidalgo” cement 
and various sands, alone and combination, for the purpose ob- 
taining comparative results; the mixtures tested were composed 


Monterrey, 1% parts, 188 *“* 818 “ 
ornos, parts. 


The Hornos sand was used during few weeks the latter part 
1908, when the crusher was unable produce all that was required. 
Its use was restricted thick walls which were required water- 


tight, and was always used equal proportions with the crusher 
dust. 


All costs given this paper are Mexican pesos, one peso being equivalent 
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SUPPLY. 


Intake intake (Fig. about km. below the lowest 
spring and point where the maximum flow the stream was ob- 
served. The works consist small monolithic concrete dam, placed 
obliquely across the stream angle selected for the purpose 
obtaining foundation running parallel the direction the strata, 
which this point were lying almost vertically across the hed the 
stream. Above these strata the stream bed was formed chiefly 
large cemented limestone blocks and smaller conglomerate. stor- 
age being possible this valley, which has very precipitous fall, 
the height the dam was fixed merely obtain small settling basin 
for sand and débris brought down time flood. The dam founda- 
tion was excavated bed-rock, from which the upper disintegrated 
portions were carefully removed; the rock was then stepped, and dove- 
tailed recesses were left for properly bonding the concrete. 

The dam well into the banks. Its extreme length 
m., its maximum height 4.50 m., and its greatest thickness 
2m. The up-stream face has batter 12, and the down- 
stream face, The top the wall thick. For the 
discharge flood-water there weir long, and was 
that with depth would discharge about 400 times 
the ordinary flow, about 23000 liters per sec., but, addition, the 


whole length the dam (excluding that occupied the 


was arranged for the discharge abnormal floods, one which, 
August 27th, reached the enormous quantity 82070 liters 
cu. ft.) per 825 cu. ft. per per sq. mile drainage area, 
remarkable run-off from small area 910 hectares. The concrete 
forming the dam 1:3:5 mixture. The overflow sill 692 
above sea When the dam was completed was filled the 
overflow level, order test the water-tightness the basin, which, 
when cleared, was found slightly fissured the north 
The leakage was sufficient cause serious loss during periods 
drought, and was then decided line the basin with concrete, 
that the stream would enter without being under head greater than 
its own depth. The length the basin, measured along the center line 
the original stream surface, m., and its area 1100 sq. 


its upper end merely lined channel, wide the entrance. 


The floor the basin has fall The lining was formed 
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two thicknesses totaling 30.5 cm. (12 in.) concrete, laid 
panels approximately square, the upper panels breaking joint 
with those immediately below; this way very satisfactory and 
water-tight lining was obtained. parapet wall, 45.7 cm. high, sur- 
rounds the basin. For scouring out the basin (12-in.) cast- 
iron pipe was taken through the dam the lowest point, this pipe 
being provided with gate-valve encased concrete the down- 
stream face. 

The gate-house was built connection with the dam the north 
end the overflow weir, its inner dimensions being 4.34 2.80 
The substructure, the level the dam, concrete founded 
the solid rock, and the superstructure brick rendered with cement 
plaster. The roof framed timber with red French tiles. 

The intake pipe cast iron, 40.6 cm. (16 in.) internal 
diameter, fitted outside with movable copper screen which further 
protected wrought-iron hinged screen prevent damage from 
stones, floating timber, during times flood. Inside the gate- 
house the outlet pipe provided with (16-in.) sluice-valve, 
operated from the floor level vertical head-stock with worm- 
gearing. The gate-house has scour-out pipe (also operated 
head-stock) and duplicate copper screens fitted iron frames. 
From this house the water conveyed the upper portion the 
conduit, which (18-in.) cast-iron pipe. 

the total area land, 885 (2187 acres), owned the 
company, 392 hectares (970 acres) have been fenced in, prevent any 
contamination the springs. This fence formed five lines 
barbed wire protected with stout hog netting the bottom, order 
prevent more particularly the entrance goats, many thousands 
which pasture the adjoining mountains. 

the high ground immediately below the intake, 3-roomed 
stone house has been constructed for the inspector charge the 
intake works, who also keeps daily touch with the general office and 
records the condition the stream, particulars rainfall, 

Aqueduct.—The total length the aqueduct, from the intake dam 
the South Reservoir, 700 m., made shown Table 

The gradient the concrete pipes from Estanzuela 
Mederos, and 0.53% from Mederos the South Reservoir. The 
lated discharging capacity the conduit when running full 364 
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liters (13 cu. ft.) per sec. for the upper, and 465 liters (16.4 cu. ft.) 
per sec. for the lower section. For these pipes, the coefficient, 
Kutter’s formula, was taken present the line has been 
limited overflows discharge three-quarters full. 


TABLE AQUEDUCT. 


Description. Length, meters. 


Cast-iron pipes, 45.7 cm. (18in.) diameter, along the stream bed the 

Concrete tubes, 55.9 cm. (22 in.) diameter, Mederos (including 281 


Cast-iron siphons, 45.7 cm. (18 in.) diameter: Calabozos..... 239 
South Virgen.124 
North Virgen.177 
Mederos...... 426 


966 
Concrete tubes, 63.5 (25 in. diameter, Mederos South 089.19 
Cast-iron siphons, 50.8 cm. (20 in.) diameter: Necaxa........ 
San 


The increase the size the pipes from Mederos for the 
purpose receiving the waters the Mederos River and other 
springs the San Pablo and Aqua Verde catchment areas, shown 
Plate 

The invert the concrete where leaves the Estanzuela 
River 684.25 above datum, and the valve-house the South 

The concrete pipes were manufactured and laid under contract 
with Mr. Arthur Bent, Los Angeles, Cal., the Company providing 
all materials, labor, ete. The contractor was paid cents per lin. ft. 
pipe manufactured and; cents per lin. ft. laid. was also 
responsible for the satisfactory completion the work. 

Fig. shows the details the joint Mr. Schuyler 
and adopted for these pipes. The 63.5-cm. (25-in.) pipes were cm. 
long and mm. in.) thick. The (22-in.) pipes were the 
same length, but mm. in.) thick. For the purpose strength- 
ening these pipes while hauling them over very rough roads they were 
reinforced with four rings No. galvanized-iron wire. 


Manufacture pipes were manufactured under the 


supervision Mr. Stanley Bent, pipe yard established below 
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the crushing plant, from which the crushed rock and sand were 
delivered gravity bogies run narrow-gauge rails. The area 
the pipe yard was approximately hectares, and was laid out 
with parallel lines 76-mm. (3-in.) galvanized-iron piping with hose 
couplings for sprinkling purposes. After trials with aggregates 


various sizes, the concrete for the pipes was proportioned volume 
follows: 


Crushed rock broken pass through 


Manufactured sand (run rolls).. 0.119 


The above quantity manufactured two pipes; 55.9-cm. 
pipe required 0.1415 cu. cu. ft.) the material, the same 
proportions. Fig. shows the forms for these pipes, and Fig. 
Plate illustrates the process moulding. The forms con- 
sist cast-iron bottom rings, the proper section the joint, and 
inner and outer steel forms 3-mm. plate, provided with inner and 
outer locking arrangements. The concrete was poured through cast- 
iron hopper which fitted the top the outer form. 

The concrete, which was mixed very dry, yd. batch, 
“Smith” mixer, was thoroughly tamped with 22-lb. tamper, and 
worked until was stiff jelly-like consistency, the wire rings 
being added the concrete was placed. The best results were obtained 
with the minimum quantity water. The upper joint was moulded 
with heavy ring. The jacket and core forms were loosened 
immediately, and placed over other rings, sufficient number 
bottom rings being used for day’s work. For the pipes required for 
curves, special forms were used give the necessary bevel the joint. 
After hours the finished pipes were lifted from the bottom ring 
with special lifter, and ranged position for coating internally 
with Portland cement grout which little freshly slaked lime was 
added. The pipes were all numbered, and were kept moist for days 
constant sprinkling. They were not hauled the work until 
days after they were moulded, although this rule was sometimes 
broken, the detriment the pipes. More than 32000 pipes were 
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manufactured, but some were used for purposes other than the 
Estanzuela Aqueduct. 

Cost Pipes—The contractor brought with him experienced con- 
pipe makers from California, and these were afterward assisted 
Mexican labor. day two tampers could manufacture from 
smaller size. 

The cost varied from 2.75 3.25 pesos per pipe for the smaller, 
and from 3.50 4.00 pesos for the larger size. 

The approximate cost manufacturing follows: Taking, 
fair example, one week’s work during March, 1908, the wages paid 
the men comprising the total pay-roll (though part this labor 
was intermittent) amounted 981 pesos. This includes general fore- 
man pesos per day, four American tampers 7.50 pesos, and 
Mexican labor varying from peso, and all labor necessary 
handle and finish the pipes, including coating the interiors. During 
this week there were made 1126 the 63.5-cm. and 1095 the 
size. The pay-roll includes 520 pesos for the larger pipes 
(46 cents each) and 461 pesos for the smaller pipe (42 cents each). 
Table shows the quantities and cost the materials used the 
manufacture these pipes. 

From Table seen that the cost the 63.5-cm. pipes was 
3.37 pesos for material plus 0.46 peso for labor 3.83 pesos per pipe, 
6.26 pesos per lin. (1.91 pesos per lin. ft.). 


TABLE 


5.—Cost 


For 126 63.5 For 1095 55.9 
DIAMETER. DIAMETER. 


Materials. 


Quantities. Cost. Quantities. Cost. 


Portland cement, 8.00 pesos 

Sand, 2.65 pesos per cu. m......... 85cu.m.| 225.25 68cu.m.| 

No. galvanized-wire hoops, rings 


Cost per pipe..... 3.37 pesos. 2.66 pesos. 
q 
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The cost the pipes amounted 2.66 pesos for material 
plus 0.42 peso for labor 3.08 pesos per pipe, 5.05 pesos per lin. 
(1.54 pesos per lin. ft.). 

The cost cement included hauling from the bodega the yard, 
distance about km. later date, after the Company had 
commenced using the “Hidalgo” cement, some additional 55.9-cm. 
pipes were manufactured, have them hand reserve 
case emergency. this work only Mexican labor was used, the 
previous gang had been dispersed, but the tampers had had previous 
experience. Taking the cost 418 pipes made during one period 
days, the detailed cost was given Table 


TABLE 6.—Cost 55.9-cm. 


Days. 


Cost labor making 418 pipes...... 161.86 Pesos. 
Cost labor per pipe........... 0.38 Peso. 
Cement, bbl., 6.40 pesos per bbl., pipe-making Pesos. 
Rock, 21.6 cu. m., 2.00 pesos per cu. m..... 
Cost material for 418 pipes. 920.16 Pesos. 
Equivalent 4.23 pesos per lin. m., 1.29 pesos per lin. ft. 


Excavation for Pipe Line and excavation for the 
pipe line and for bridge works, was let contract Messrs. 
Seott and Lee, Monterrey, under three classifications: 

(1) “All material which the judgment the Engineer can 
economically loosened with picks and handled with shovels.” 

(2) “Indurated earth gravel, shale rock which can loosened 
without blasting, and ‘sillar,’ locally so-called, whether pure mixed 
with other substances, and whether requires blasting not.” 

(3) “All rock not included the above which requires drilling 
blasting.” 

this classification well understood, particularly No. 
covers the sillar soils which are common the neighborhood 
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Monterrey. The contract prices were: No. cents; No. 1.50 
pesos; and No. 2.50 pesos per cu. These prices were over and 
above the clearing and grubbing the line, which was paid for the 
rate 100 pesos per hectare. 

The route the pipe line being along broken country, some 
points difficult access, service roadways, about wide, for 
hauling material were constructed, and, for about km., roadway 
was made along the line the trench. 

The prices for the roadway, under the above classification, were: 
For No. cents; No. 1.50 pesos; and No. 2.50 pesos per cu. 

The trenches were excavated cm. below the required finishing 
depth, allow for grading the pipes selected material, and were 
taken out average width cm. greater than the outside 
diameter the pipe, allow for their proper jointing, and also 
give sufficient room roll the pipes the trenches. 


The final quantities excavation were: 


Roapways: 


6194 


The route the pipe line was laid out obtain average 
fill not more than over the tops the pipes, but some 
eases the cuts, for short lengths, were deep. The excavation for 
this work began June, 1907. 

Hauling Pipes—The pipes were hauled the site the work 
with ox-carts and mule teams. The cost hauling varied from 
cents per pipe the lower end, peso per pipe the upper 
and, comparatively speaking, inaccessible portion the line. The 
weight the pipe was about 182 kg.; that the 63.5-cm. 
pipes was about 216 kg. 

The breakages all the pipes cast the pipe yard amounted 
about 1%, due chiefly unloading them carelessly near the pipe line. 
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Pipe pipe-laying gang was composed Mexicans 
under the direction American foreman, who was charge 
several gangs. One gang could lay daily from (from 


100 120 following was the ordinary pay-roll for 
one gang: 


Foreman pesos (proportion)........ pesos. 
Pipe layer pesos 

Pipe layer’s assistant pesos 

Cement mixer pesos 

Outside plasterers 2.50 pesos 

Inside plasterers 2.25 pesos 

Water boy 0.50 peso 


20.00 pesos. 


This brings the average cost laying the pipes 32.8 cents 
per lin. 

The pipes were jointed with 1:2 cement mortar, the outer joint 
being rounded over both pipes for width 123 in.) and 
height about mm. in.). making these joints the pipe 
layers wore rubber gloves. The joints were kept moist, and the trench 
was back-filled with fine, screened material depth em. above 
the top the pipe. Inside, the joints were carefully caulked with 
cement and rendered smooth, the plasterers working continuously along 
with the pipe layers, doing from time. Water had 
conveyed the trenches barrels burros, and during the dry 
season was sometimes carried km. 

line laid out passed over many gulches and dry 
arroyos, and these were crossed with reinforced concrete bridges 
varying spans and heights, two being shown Plate CLX XXII. 

These bridges were formed continuous horizontal girders, 1.10 
deep and wide, with cantilever overhang the abutments, vary- 
ing length from m., avoid settlement between the 
pipes and the bridges. The bottom reinforcement consisted from 
twisted bars mild steel, varying different spans from 12.7 
mm. in.) diameter. The turned bars were 
284 mm. in.) diameter; they were placed either side, carried 
over the upper part the beams, and continued along the end for the: 
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overhanging part the girder. These bars, when not obtainable the 
full length, were spliced with lap 1.2 with No. galvanized-steel 
wire. The vertical stirrups were 4.7 25.4 mm. in.), 
mild steel; they were equally spaced 30.5 cm. (12 in.) apart, and 
carried all around the girders, lapping the center about cm. 
in.), all the steel being carefully wired together before placing the 
concrete. 

The general type the piers and abutments shown Fig. 
Plate CLX XXII, and varies height with practically every bridge, 
the foundations every case resting hard rock. The concrete for 
the girders was mixture, the crushed stone used having all 
passed mesh mm. in.). The piers were concrete, 
and heavy were embedded within them. 

The concrete was placed after the pipes had been laid through the 
form the pipe contractor, the joints being kept clear the bottom 
the required distance small moulded concrete blocks. The tops 
the girders were moulded slightly segmental form. The bridges 
were all kept watered for about days, and the forms were not struck 
for days after placing. Station 13.4 the pipes were carried 
over picturesque arroyo elliptical arched bridge (Fig. Plate 

The abutments all bridges were protected rubble walls 
cement mortar carried cm. above the tops the girders. 

The contract price for the concrete work these bridges, the Com- 
pany furnishing the steel and cement, was pesos per cu. m., and 
for placing reinforcing steel pesos per metric ton 204 

There are single-span bridges, the larger spans being 9.10 m.; 
two-span, and three-span bridges, their total length, including 
the overhang, amounting 870.50 m., 44% the whole length 
aqueduct. 

Concrete points there were small depressions which 
did not necessitate the construction bridges, and these places 
the pipes were encased blocks concrete carried the hillside 
the form apron having small abutment walls from 
apart. This also served protect the pipes from scouring action 
during rainstorms. the upper end the line, near the intake, the 
pipe had protected concrete continuously for distance 
about 300 m., order prevent damage from falling rocks. 
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Ventilators and the route the concrete pipe 
there are ventilators, one which, together with entrance man- 
hole, shown Fig. Plate They consisted simple 
concrete columns, 3.35 high, above the ground line, the interior 
the shafts being formed fire-clay pipes, cm. in.) diameter. 
each ventilator the pipe was cut and block concrete the width 
the trench filled foundation. Entrance manholes were also 
placed points, which they immediately adjoined the 
ventilating columns. 

Estanzuela 1560 from the intake Estanzuela, 
the conduit laid through tunnel The tunnel was driven 
through hard strata from the open cuttings each end. 
The inner dimensions were trimmed approximately high and 
wide. the ends the tunnel the rock was moderately easy 
take out, but the inner section was very hard and difficult blast. 
Ordinary hand drilling was adopted, and the actual cost driving 
varied from pesos per lin. the ends pesos the center. 

The pipes were laid through the tunnel the ordinary way, and 
back-filled from the center, give cover about cm. above 
protect them from falling pieces shale. 

Siphons.—It has already been mentioned that there are cast-iron 
pipe siphons. The head these varies between and All are pro- 
vided with special inlets and outlets, forming combined overflow and 
ventilating chambers, and have wooden hand-sluices divert the water 
when necessary. The bottoms all siphons are provided with 
cast-iron scour-out pipes, fitted with valves, and carried down 
lower point obtain free outlet. The valve-boxes are protected 
being placed heavy concrete chambers carried above the level 
ordinary floods. 

The siphons are formed cast-iron socket pipes, 3.65 (12 ft.) 
long, caulked the ordinary way with lead joints. The thickness 
the (18-in.) pipes mm.; that the 50.8-cm. pipes 
the steep hillsides the pipes are anchored securely the 
rock concrete blocks reinforced with heavy iron chains. some 

these siphons were difficult access, but ox-teams hauled the 
pipes very efficient and satisfactory manner. 

Overflow Chambers.—The ordinary overflows, which there are 14, 
are similar design the siphon inlets. 
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Testing, the line was completed was tested for 
water-tightness, and the loss was found about 5%, part which 
was probably due absorption. later date was found that 
the waters the Estanzuela River, which contain 150 parts 
calcium carbonate (CaCO,) per million, deposited very fine film 
lime the interior the pipes, completely filling any pores there 
might have been. the present time there measurable leakage, 
thus proving that the character the work very satisfactory. 

The water was into the conduit June 11th, 1908, and 
delivered the city following day through by-pass, before the 
reservoir was completed. 

The pipe line patrolled daily inspector with the authority 
very necessary precaution dry country. 


The distributing reservoir for the Estanzuela supply Guada- 
lupe, the foot-hills the south the Santa Catarina River, about 
km. from the center the city. The reservoir covered one, 
reinforced concrete, and its capacity liters (10 000 000 
gal.). 

Excavation and Embankment.—The heavy slope the ground 
the selected site made the circular form the most desirable. the 
low side the ground was excavated about below the original 
ground line, while the excavation the upper part the slope was 
about deep. The excavated material consisted chiefly sillar 
and limestone conglomerate, which when broken forms 
ous clay excellent character for the formation embankments, 
when proper care taken. The dimensions fixed for the internal 
diameter the finished concrete work the reservoir were: 
(265.68 ft.) the top, and depth water m., with sides slop- 
ing 100. 

Fig. plan the reservoir, with cross-section the 
excavation and embankment. the lower side the original ground 
line was cut down steps, and all loose earth, roots, were care- 
fully removed. The floor the reservoir was chiefly sillar conglom- 
erate, hard material that required considerable amount blast- 
ing for its removal. The embankments were formed 10-cm. layers 
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sillar and conglomerate broken into small fragments and then 
rolled with 3-ton sectional rollers drawn teams and mules, 
which assisted disintegrating the mass thoroughly, and produced 
constant wetting homogeneous and compact clay. The excava- 


Limestone § 
Conglomerate 


Sillar and Limestone Conglomerate 
SECTION 


SOUTH RESERVOIR 
PLAN EXCAVATION 
10. 
tion and embankment were left that cm. trimming could 
done later date, immediately prior the lining the reservoir. 
The excavated material amounted about 34000 cu. m., and, this 
quantity, 31500 cu. were used form the embankment; the 
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remainder was taken spoil bank immediately adjoining, the black 
earth stripping being separated and reserved for covering the reser- 


voir, The contract prices for the excavated material placed 
the embankment were: 


Pesos 


per 
cubic 
meter. 

Class 1.—Material which could removed plows and 
Class 2.—This consisted chiefly “sillar” 


Class 3.—Limestone conglomerate (requiring blasting).... 1.65. 


The prices (for the same classification) for material taken the 
spoil bank, were 0.40, 0.80, and 1.40 pesos, respectively. the 
material taken out, 15% came under No. classification, under 
No. and under No. 

The excavation was begun the end May, 1907, com- 
pleted January, 1908, Scott and Lee, the contractors. The 
embankments were then allowed stand until the beginning 
July, 1908, permit the whole become thoroughly settled and 
consolidated prior beginning the lining. July the work 
trimming the embankments and excavating for the foundations the 
reservoir columns was commenced, under the Company’s own adminis- 
tration, which completed the entire work. 

Concrete Lining and general arrangement and details 
the side-walls, columns, and roof are shown Plates CLX XXIV 
CLXXXVII. The principal feature consists dividing the 
reservoir into radial sections and supporting the roof 135 primary 
and 670 secondary beams, from 135 columns, spaced follows: 


Outer ring, 34.25 from center........ columns. 


8.77 


eee ee 


The inner bottom diameter the reservoir 70.32 (230.64 ft.) 


the upper inside diameter (265.68 ft.); the water depth 
the overflow level (294 ft.). 
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The roof was designed carry dead load (the earth cover) 
150 per sq. and live load 100 The maximum com- 
pressive fiber stress the concrete was assumed 550 per sq. in. 
for the beams, and 350 lb. for the columns, low figure, because 
their eccentric loading. The tensile strength the steel was 
taken 14500 and 16000 per sq. in. The twisted steel used 
for the column reinforcement was made the local steel plant, but 
for the beams, etc., twisted lug bar, higher quality and greater 
permissible tensile stress, was used. The total quantity used 
was 178 tons. was calculated that the load the column founda- 
tions would not exceed tons per sq. ft. With the exception 
the side-wall and floor, all the concrete was reinforced with steel, 
the sizes and spacing shown Plate CLX XXIV. 

General Construction and question 
ordinary forms, requiring very heavy timber work, was serious one, 
suitable lumber very expensive Mexico; and the necessity 
finishing this reservoir before the end the first term allowed 
under the concession, which December 31st, 1908, led 
the adoption what the writer believes original scheme for 
large structure. This scheme was cast the columns short 
sections, mould the radial and secondary beams separate members, 
and then place them position with derricks. the same time, 
the case the beams, was important not sacrifice either the 
benefit that part the slab which ordinarily assumed act 
part the beam, the additional strength due continuity; 
and, the columns, the strength due the reinforcement 
extending from the foundation the beams. 

The T-beam section was secured notching the tops the 
moulded members, with notches deep, throughout the lengths 
the beams, shown Plate CLXXXIV. computation the 
maximum flange increment shows that these notches are sufficient 
transfer the flange stresses the stem, but, for additional security, 
flat steel bars were bent Z-shape, and embedded the top 
the beam about apart. Continuity the beams was secured 
carrying the steel the tops the beams over all supports, and, 
after erection, concreting them into the roof slab. The secondary 
beams, after casting, were dropped into recesses left the radial beams 
for the purpose. 
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Concreting, Mixing, etc—The radial beams and column sections 
were cast nearly possible under their ultimate positions; the 
secondary beams were outside and immediately adjoining the 
reservoir. 

The rock and sand was brought from the Company’s crushing 
plant, 3-cu. yd., side-dump cars, running track 
gravity distance km., the last 150 requiring hauling with 
mules. The cars returned all the way the crusher gravity. 
These cars dumped the material into bins the high ground above 
the reservoir; from there was hoppered into cars which carried 
the mixer all the material for one batch concrete. Two No. 
Smith mixers were used, and from batches per hour could 
handled each machine. 

The concrete was transported from the mixers place yd., 
18-in. gauge, swivel, steel dump-cars pushed two men. All the 
concrete used the bottom the reservoir, for the main beams, 
columns, and floor, amounting about 2460 cu. m., was dumped 
through chute into smaller cars. The chute had many bafile- 
plates and bolts that resembled gravity mixer, but, although 
was long, effectively prevented the separation the materials. 

Concrete Placing and square foundations for the 
columns were deposited situ, recess being left for the reception 
the pedestals, which were moulded place afterward. The capi- 
tals and pedestals were cast one piece, and the columns 1.21-m. 
(48-in.) sections, eight 5-cm. holes being left them using wrought- 
iron pipes, held place templates and removed when the castings 
were about hours old. The columns were erected threading them 
the 15.8-mm. reinforcing rods, which extended from the 
pedestals through the capitals. The rods were two lengths, 
arranged lap alternately one-fourth, the center, and three-fourths 
the height the columns. erection, light timber frame was 
used conjunction with the derrick, and, the columns were placed, 
the reinforcing steel was grouted solid with 1:2 cement mortar. 

All the erection was done with combined stiff-leg guy derrick, 
having 80-ft. boom and 50-ft. mast, and fitted with 30-h.p. 
Lambert hoisting engine. The derrick was erected seven times the 
circumference, and its final position was top the center columns. 
The moving the derrick distance about and its subse- 
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quent erection occupied usually about hours. The erection work 
was carried continuously, day and night, the placing the whole 
the radial and secondary beams and columns occupying months. 

Forms.—As the erection scheme was designed reduce the cost 
forms, economical construction was considerable importance. 
The wall was formed panels, about wide and 11.27 high. 
The chief object arranging them this manner was permit 
expansion joint, cm. wide, each panel; this joint was not filled 
until after the completion the roof, when the temperature inside the 
reservoir was uniform and not subjected such great fluctuations 
exposed alternately the hot sun and comparatively cool nights. 
The range temperature during the construction period sometimes 
amounted 80° Fahr. hours. 

The expansion joints were the last, when uniform tem- 
perature about 70° inside permitted the filling the joints, thus 
avoiding all trouble from expansion cracks. 

The forms are shown detail Plate CLXXXV. They con- 
sisted shutters stiffened with four trapezoidal trusses. The bottom 
posts the trusses were fixed holes formed the foundation block; 
they were propped back from the embankment the top, and secured 
anchorages iron rods. 

Six sets these forms were used construct the whole wall. The 
was placed position through stove-pipe chutes, em. 
diameter, continuous layers, the workmen treading and spading 
well was deposited. The forms were allowed remain 
days, and were then struck and removed another section. The 
pedestals and capital forms were lumber, and five each were 
used cast the. total number required. the column sections the 
outer steel forms used the manufacture the Estanzuela pipes 
were adapted for this purpose. The radial beam forms, shown 
Plate were arranged with internal wedge-shaped blocks 
mould accurately the recess for the secondary beams. The bottom 
forms were left attached the beams for days, but the sides and 
ends were removed after hours. Eight forms were sufficient for the 
whole 135 beams. 

For the secondary beams, forms were used for the 670 beams, 
the bottom lumber also being left until they were mature for handling. 

referring the cross-section the secondary beam, will 
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noticed that jug-shaped, shelves being left either side for 
the support the roof forms, which were placed after the secondary 
beams had been properly grouted the radial ones. The lagging was 
laid diagonally, that the diameter was slightly greater than 
the distance between the beams. This greatly facilitated removal 
the lagging, was merely necessary strike the wedge-shaped 
fillets beneath, and turn them clockwise, after tearing out the end 
lagging. 

The writer believes that the adoption forms this type, rather 
than the ordinary kind, led saving lumber about 400000 
During the erection and placing the concrete, all the join- 
ing surfaces were carefully picked and cleaned, particular care being 
taken the junction the secondary with the radial beams, and 
the upper surfaces all beams before laying the roof slab. 

After the greater part the roof was completed, the floor was laid 
those sections where was protected from the sun’s rays. The 
concrete was placed two 15-cm. thicknesses, and the work was 
carried night and day, without any joints. The laying the 
floor occupied days, average nearly 100 cu. daily. 

Proportions the concrete work was brought 
smooth face careful spading, plastering being used through- 
out the reservoir, except the superstructures. The work was kept 
well watered every case for about days. whole the 
concrete work connection with the reservoir was completed 
months. The concrete for the columns and foundations was 
mixture, the aggregate consisting equal parts 19-mm. 
and 38-mm. (14-in.) stone. The remainder the concrete, 
except that for the roof, was 1:2:4 mixture, the aggregate also con- 
sisting equal parts 19- and 38-mm. stone. With the exception 
short length the side-walls, the sand used was that manu- 
factured the Company. When the crushing plant was unable 
produce all the sand required, the Hornos sand (see Table was 
used the side-walls equal proportions with the crusher sand. 

Reservoir Outlet and Entrance outlet, (24 in.) 
diameter, leads from well the center the reservoir and passes 
under the floor and embankment outside valve-pit, from the 
This pipe was laid trench solid cutting before the 
construction the embankment, and was encased 1:4:8 concrete. 
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Where passes under the embankment concrete cut-off wall, 
3.6 wide, 2.5 high, and thick, was placed across right 
angles. The cast-iron pipe curved upward the central well, and 
has bellmouth which rests movable circular copper screen. 

Above the outlet well, and the roof the reservoir, there 
central tower, giving access the interior steel stairway. This 
tower also serves main ventilating shaft, and are arranged the 
and gearing for raising them for cleaning purposes. 
addition the ventilation provided the tower, circular openings, 
cm. diameter, are carried through the roof the reservoir 
the and into the parapet walls. 

Inlet Gate-House, inlet gate-house above the reservoir 
and about 543 from its center. The conduit enters 589.00 
above datum, and the gate-house valves for controlling 
the inlet pipe the reservoir, the by-pass, overflow, scour-out pipe, and 
the copper screens. The inlet, which 45.7 (18 in.) diameter, 
cast-iron flanged pipes, carried iron hangers the side-wall 
the reservoir, and, point em. above the floor level, turned 
right angles the side-wall and carried concrete piers the 
center the first row columns. The end the pipe closed 
blank flange, and the water deflected right angles through two 
(12-in.) branches, for the purpose setting slight circular 
motion enters the reservoir. 

The valve-pit clear the embankment, and are brought 
together the main supply and by-pass pipes which are placed two 


(24-in.) sluice-valves; and between them there 20-cm. 


(8-in.) scour-out pipe, for emptying the reservoir into adjoining 
arroyo. The arrangement the valves gives complete control over 
the contents the reservoir. 

shows the arrangement the Ven- 
turi meter and its automatic register house over the main supply 
pipe. This house designed form feature the entrance gate- 
way the reservoir grounds, which cover area hectares. 

General.—The roof the reservoir has been laid out garden, 
and the embankments are turfed. The intention develop the 
Company’s land public park, commands fine views the 
city and the surrounding mountains. inspector’s house has been 
built, and private telephone line provides for communication with 
the Estanzuela intake and also with the general offices the city. 
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Provisional has already been stated that the Company 
began operations San Geronimo March, 1906, sinking well 
the north bank the Santa Catarina River San Geronimo. 
this point, little later, small steam pumping plant, sufficient 
handle about 000 liters per min., was installed. The lowest depth 
which this well was ultimately sunk water-bearing strata, was 
the normal level the water during 1906 and 1907 never falling lower 
than 569 above datum. made from time time during 
1907-08, showed that this well was capable supplying nearly 
000 000 liters gal.) water daily. 

The excellent supply yielded this well made desirable adopt 
immediately provisional measure, pending the completion 
the larger works forming the western source supply. utilize 
the well its fullest extent, reinforced concrete reservoir, 
liters capacity, was constructed the south bank the 
river, the top water level being 585 above datum, that is, the same 
elevation the proposed reservoir for the Estanzuela supply. The 
reservoir 53.80 long, wide, and has water depth 3.25 
the overflow level. excavated steep hill slope, and has 
earth embankment the lower side. The lining concrete, cm. 
thick, and the roof reinforced concrete composed flat arches 
springing from beams carried reinforced columns. There 
are these columns, and they are apart longitudinally and 
apart transversely. The roof was not constructed until October and 
November, 1907, and prior that time the necessity covering the 
reservoir was amply demonstrated the growth, during hot weather, 
considerable quantities green alge, which had skimmed 
from the surface the reservoir every few days. 

The delivery pipe from the pumping plant was originally riveted 
steel and was asphalted. was diameter, thickness, 
with slip joints, and where crossed the river was encased concrete. 
This pipe was afterward replaced cast-iron pipe the same 
diameter. The supply pipe the city was also sheet steel, cm. 
diameter. For part its length was laid the high ground 


the south bank the river, which crossed near the western limits 


the city, and was then connected 30-cm. cast-iron pipe the 
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distribution system. total length the pipe from the reservoir 
the city distribution system was 850 

This provisional pipe continued service from October, 1906, until 
August 27th, 1909, when the river portion was completely swept away, 
together with the provisional pump-house San Geronimo, during the 
great flood the Santa Catarina River. Fortunately, the permanent 
supply works were completed the time, that the destruction this 
pipe line, which had already served its purpose, had effect 
the supply water the city. 

Infiltration chief feature the San Geronimo grav- 
ity supply the infiltration gallery. referring the profile 
Plate XIX will seen that this place there consider- 
erable area what undoubtedly water-bearing gravel. The main 
conditions were revealed the borings previously carried across the 
valley, but the profile has been corrected show the actual conditions 
established subsequent date shafts. the water- 
bearing strata are not limited merely the sand and coarse gravels, 
the clay formation lying above and below them full small 
gravel deposits containing considerable volumes water. The main 
direction the underflow toward the east, and the hydraulic gradi- 
ent, which was established from wells sunk farther west, was found 
approximately 1%, practically the same the average surface 
the bed the river above the line the infiltration gallery. 

The general scheme for tapping this underflow was drive 
main gallery the 560-m. level grade 0.05%, which was 
ciently high take the supply gravity the western reservoir, hav- 
ing top water level 558.75 above datum. This elevation sufficient 
give excellent pressure over about 60% the city, and fair 
pressure reach the upper stories the highest houses, required, 
over the whole supply district. From this gallery was proposed 
sink shafts frequent intervals, for total distance 300 m., carry- 
ing them below the gallery level, tap any water-bearing gravels there 
might the clay formation underlying the gravels and sands. From 
the main gallery was proposed construct branch galleries 
stream flat gradient, obtain the advantage increased 
head due the steep gradient the underflow water. 

continuous record the level the water plane, and Fig. has been 


| 
| 
] 
| 
| 
| 
| 
4 
, 
| 
| 


PLATE CXCVI. 
PAPERS, AM. SOC. 


DECEMBER, 1910. 


CONWAY 
WATER-WORKS AND SEWERAGE MONTERREY. 


RESERVOIR, LOOKING TOWARD THE 


— 


| 


sti 
t 
q 
| 
i 


WATER-WORKS AND SEWERAGE MONTERREY, MEXICO 1663 


plotted show its variation San Geronimo from the beginning 
1905 March, 1910. From January, 1909, March 31st, 1910, these 
levels are averages daily readings taken shafts sunk along the 
proposed line the infiltration gallery. 1902 the water plane was 
standing 570.18 above datum, but from that date until 1905 the 
writer has been unable find any records. This diagram should 
examined together with the rainfall diagram, Fig. and 


DIAGRAM SHOWING 


1905 MARCH 1910 


Nov. 


1909 


12. 


noticed that the fall the water plane the general scarcity 
the rainfall during 1907-08, and until July, 1909. The year previous 
July, 1909, regarded many competent local observers have 
been the longest period extreme drought years Nuevo 
and the evidence which the writer has been able gather regarding 
stream flow the neighborhood Monterrey supports this view. The 
total rainfall Monterrey for the year prior July 1909, 
amounted 9.98 in., 4.16 in. less than the lowest record for any 
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year since 1894, or, other words, about 45% the average 
annual rainfall. 

The lowest point which the water plane dropped was during 
June and July, 1909, when the levels stood slightly above 565.00 m., 
above the level the floor the infiltration gallery. During this 
period pumping tests were made the various wells, and from these 
was quite clear that the infiltration gallery, carried far enough 
meet them all, would yield supply from 000 000 000 000 
liters daily. During the great rainfall August, 1909, the water 
levels rose very rapidly; the heavy precipitation between August 9th 
and 10th caused the level rise 568.00 about days, and 
days after the great flood August 27th, the water level, which had 
continued rising gradually, reached 571.40 m., and then fell gradually 
until the end March, 1910, was practically the same had 
been from 1902 1905. 

should noticed that the readings were taken the shafts 
the high ground the west the present river bed, and were inde- 
pendent any flow there might the river. During times 
ordinary floods the river, was very noticeable that, notwithstand- 
ing the fact that the river might turbid extreme degree, 
the well even immediate the river bed did not show 
the least sign discoloration. 

Design Works.—Plate CXC shows the general design the 
gravity scheme, which consists main tunnel 550 long and con- 
aqueduct, 1.06 (42 in.) internal diameter and 
length, discharging into low-service distributing reservoir the 
extreme western limits the city. The tunnel and aqueduct were 
laid gradient 0.05%, and the latter was designed discharge 
liters per day (22.8 cu. ft. per sec.) flowing its full 
capacity. 

Gravitation Tunnel.—This tunnel, shown Plate CXC and Fig. 
13, was completed prior driving the infiltration gallery into the 
water-bearing gravel, tha the water encountered the gallery 
could easily drained off gravity, thus avoiding heavy outlay 
for pumping. The tunnel passes through various strata, the principal 
ones being shale, conglomerate, and gravels. The tunneling 
operations were carried from shafts, No. being deep, and 
the others varying from The shafts loose ground were 
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timbered the usual way, having clear inside dimensions 
Shaft No. which was entirely shale, was taken out approximately 

Fig. shows the details the tunnel, which was lined with con- 
the bottom and sides being approximately in.) thick. 
The interior dimension 0.91 the invert level and 1.016 
height 1.22 m., the corners between the side-walls and the floor being 
slightly The arch formed two rings brickwork 
cement mortar, this thickness being increased some lengths three 
rings. Where the rock was good condition, and not likely dis- 
integrate easily, the arch, for distance m., was left unlined. 
the total distance 550 m., careful timbering was required for 360 
lining the timbered portion the tunnel with concrete, all the tim- 
ber was removed, except loose ground, where the laggings were left 
position. 

While the tunnel was being driven, start was made drive the 
north end the infiltration gallery, which was rock for distance 
Water appeared about m., and then the work was tem- 
porarily suspended until the gravitation tunnel was completed and 
length the aqueduct had been constructed far enough down stream 
the north bank the river permit draining direct the river. 
This point was reached 1170 from Shaft No. and there tem- 
porary overflow chamber was constructed. 

When the tunnel was completed, the two intermediate shafts were 
filled up, the remaining three being retained permanently. Shafts 
Nos. and were lined with concrete, em. (30 in.) internal diam- 
eter, and em. thick. They were domed the top form circular 
openings receive cast-iron covers. Progress this tunnel was 
slow, taking from December, 1907, November, 1908, complete, 
owing chiefly difficulties with incompetent contractor. The con- 
tract was subsequently transferred Mr. John Phillips, Mexico 
City (who was also the contractor for the aqueduct), who completed 
satisfactorily. 

Continuation the Infiltration Gallery—When the aqueduct (to 
referred again) was completed far from Shaft No. 
the driving the infiltration gallery, which was high and 
wide, was continued until gravel was encountered the roof, 
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from the shaft. this point the rock dipped angle 45°, 
and the gravels contained quantities large boulders mixed with 
fine sand; immediately after encountering the gravel, flow about 
liters per sec. was met, evidently coming through from pot-hole 
the shale. This quantity diminished about days about one- 
fourth, but gradually increased again the driving proceeded. The 
operations driving the tunnel from forward were begun 
the dry season, February, 1909, and the gravel was encountered for 
gravel bed was about south the old river channel, which had 
been continuously dry the surface for several years. 
the work was very difficult, owing the upper part being loose 
gravel and the lower very contorted shale. The timbering the 
tunnel the full gravel section consisted heavy square settings, 
apart. the clay and gravel formation was met, and 
the rate progress then was about week. short branch 
gallery was also driven about stream near Shaft No. The 
total distance the infiltration gallery was carried from Shaft No. 
was 100 m., when the floods August, 1909, caused its suspension. 
During the progress the gallery, attempts were made sink 
2-m. shaft point along the line the infiltration gallery, 
about 130 from Shaft No. but water such abundance was 
encountered that was practically impossible sink the ordinary 
way more than about deep, the quantity water dealt with 
amounting about 20000000 liters daily. Seven shafts were then 
sunk the high ground the north the river, five these being 
the line the gallery and two westward. They were sunk 
during the dry.season prior July, 1909. These were ordinary tim- 
bered shafts, square between the walings, and were carried the 
depths Plate CLXXXIX. Shafts Nos. and the 
water was flowing with considerable velocity, while Shaft No. 
seemed have penetrated different water plane and one which was 
probably independent that showing any the other shafts, 
which the water was practically uniform level. The evidence obtained 
showed that the gallery could carried Shafts Nos. 
great abundance water would intercepted. Owing the difficul- 
ties sinking ordinary shafts the wide river channel, circular shafts 
were put down. These were 1.37 internal diameter and em. 
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thick, and were concrete reinforced with No. vertical rods, 
mm. diameter, tied together with No. wire. These shafts were 
provided with steel cutting edges. 

Shaft No. was sunk depth below the infiltration gal- 
lery level, No. within m., and No. within m., before August, 
1909. The shafts were sunk digging them out and loading them 
the top, the top the shafts being kept generally out the 
ground. Shaft No. encountered great volumes water, and, 
order enable sinking operations proceed, pumping shaft, 
square, was sunk little west draw off the water. Notwith- 
standing the fact that the prolonged period drought had lowered 
the general water plane all the shafts 565.00 above datum, the 
handling the water even that level were considerable. 
the beginning August the work was progressing very satisfac- 
torily, but the extraordinary rainfall that month caused the work 
shut down temporarily. 

Effect the Floods the Santa Catarina River.—The area the 
water-shed the Santa Catarina River above Monterrey about 1410 
sq. km. (544 sq. miles), and its area San Geronimo, owing its con- 
figuration, practically the same. Its general character has already 
been referred to. the night August 10th and early the morn- 
ing August 11th, big flood came down the river, flowing its 
maximum about 1130 cu. (40000 cu. ft.) per due the heavy 
rainfall (Fig. 4). This flood away all the temporary staging 
around the shafts, seriously wrecking the temporary pumping station, 
well destroying the 30-cm. cast-iron pipe, notwithstanding the 
thick right across the river; but damage was done the infiltration 
gallery the shafts the river channel. The effect the flood 
this pipe shown Fig. Plate CCIX. 

Following this flood, which had caused the loss lives the 
city, miles below San Geronimo, there was practically rain for 
days. Then, August 25th the second heavy precipitation began 
and continued until August 29th, the details being shown Fig. 

This precipitation, therefore, fell water-shed which was com- 
pletely saturated, had already absorbed large proportion the 
13.38 in. rain which fell during August 10th and 11th; and every 
point along the river, prior August 25th, springs were issuing forth, 
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and there had been very little evaporation during the intervening dry 
spell. 

The writer has calculated that Monterrey this flood reached the 
enormous quantity 650 cu. cu. ft.) per sec., rate equal 
482 cu. ft. per sec. per sq. mile water-shed.* The effect this 
flood was demolish completely about 1200 houses (without 
taking into consideration the numerous wooden houses) Monterrey, 
and cause fearful loss life, variously estimated between 000 
and persons; the lower figure the writer believes approximately 
correct. San Geronimo the original pumping station was carried 
away entirely, leaving practically trace whatever. 

Shaft No. was apparently destroyed, while No. was turned 
angle about 50° down stream and filled completely with sand. 
The infiltration gallery, near Shaft No. was completely blocked with 
fine sand and gravel, and access could only obtained far 
The profile, Plate CLXXXIX, shows the change which had taken 
place the river bed. The original course the stream was changed 
the north bank, distant, the effect the scouring action the 
flood being lower the general level this point about 3.65 m., while 
the southern portion the channel was slightly raised. present 
(April, 1910), the end the driven portion the infiltration gallery 
about from the center the stream, which still carrying 
about liters (80 cu. ft.) per sec. 

Immediately after the flood the flow the gallery was 450 liters 
(16 cu. ft.) per sec., and this quantity has remained constant since 
that time. The probable effect the flood was disturb the whole 
subsurface above the infiltration gallery and put com- 
pletely cleaning the gravels their surrounding clay, which would 
account for the large infiltration water limited distance. The 
water has always been limpid and pure, but its hardness remains the 
same was prior the flood. 

With the copious supply water from this source, due course 
abnormal conditions and not likely permanent, the operations 
tunneling have been suspended temporarily; but proposed 


The writer, brief article contributed Engineering News soon after the 
flood (September 23d, 1909), gave this figure 271 500, approximately equal run-off 
500 cu. ft. per sec. per sq. mile; but, from later and more complete study the 
conditions for many miles above Monterrey, believes the above quantity 
approximately correct. 
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continue the driving the gallery, from new shaft west No. 
The water encountered will drained off pumping until the main 
water-bearing gravels, the neighborhood Shaft No. are reached. 
also proposed reconstruct the high-level pipe line, from 
San Geronimo along the high road the north bank the river, 
that pumping water can delivered the city system from Shafts 
Nos. and the event shortness supply from the Estan- 
zuela River. 

Shaft No. No. designed connect the infiltration 
gallery with the gravitation tunnel. This shaft has inner diameter 
2.43 ft.) and fitted with special gate-valve. the bottom 
the door this valve there smaller valve, cm. diameter, 
that, when the infiltration gallery closed for cleaning out the 
sump, the smaller door, which operated through the same spindle 
bevel-geared head-stock the top the shaft, can opened first. 
Space also left for these should found necessary. Access 
this shaft gained concrete stairway nine stages. 
The superstructure supported reinforced concrete column 
foundations the firm rock, owing the loose condition 
the strata the top the shaft. 

Aqueduct.—The construction the conduit was begun 
April, 1908. Fig. shows the general types. Type was adopted 
gravel and conglomerate formation, and Type where the excava- 
tion was the soft nature this rock permitting 
excavated exactly the required external diameter the concrete 
lining. 

The conerete which was without steel reinforcement was 23: 
mixture, the sand being from the crusher and the aggregate from 
the river bed, pass 25-mm. mesh. Where the conduit 
crossed the river obliquely, immediately below the gravitation tunnel, 
was strengthened with mass boulder concrete Type During the 
great flood this heavy section withstood its effects without damage 
any kind, but beyond this point, where the conduit had been laid 

compact cemented gravels, the scouring action the flood the north 
bank lowered the level the gravels from m.; the only damage, 
however, was the scouring away the gravels the south side the 
conduit. prevent such occurrence the future, the conduit 
that point was strengthened with additional concrete for distance 
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195 m., shown Fig. 13. The extra concrete, amounting 733 
cu. m., was mixture, which was embedded 20% heavy 
boulders. The top this special length now forms weir for the 
present river flow. Where the conduit enters the bluff the north side 
the river, 1200 m., there overflow chamber which has 
sluice-gate cm. wide, arranged that the conduit can overflow 
the present time when cm. deep. deflect the flow the 
conduit, wrought-iron plate, provided with balance weight, 
dropped into groove the lower side. The outlet con- 


crete tube, having its invert above ordinary flood level, and arranged 
1963 the conduit carried over arroyo segmental 


arch clear span, shown Fig. There are ventilating 


columns and manholes the aqueduct. 
The aqueduct terminates the Obispado distributing reservoir 


valve-house, level 558.50 The work connection with this 
aqueduct was completed December, 1908. 


RESERVOIR OBISPADO. 


The main distributing reservoir for the San Geronimo gravity sup- 
ply immediately below the historic Obispado (Bishop’s Palace), 
the western limits the city. The general arrangement and lay-out 

invert the conduit from San Geronimo, 
where enters the valve-house, 558.50 above datum. The valve- 
house, which built the center the reservoir, shown Fig. 
Plate CXCVI. One its special features the provision the 
main overflow this point instead within the reservoir proper. The 


inlet, main supply tunnel, independent by-pass overflow, scour-out 


pipes, gate-valves, and screens, are all controlled within the valve- 


house. 
265.68 ft.) the top, and has water depth (13.1 ft.). the 


design was necessary limit the lowest economical depth, 


the static pressure over the low-pressure district much 


possible. 
Excavation and Embankment.—The excavation, except for depth 
about which was black soil, was chiefly disintegrated 
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“sillar” stratum heavy clayey nature, the greater part which 
could handled conveniently with plows and scrapers; the actual 
foundation the eastern half required blasting for the final depths. 

The total excavation amounted cu. m., which 255 cu. 
were placed the embankment, the remainder being deposited 
the immediate neighborhood the reservoir. The final trimming 
the banks, which were left cm. full, was not undertaken until the 
lining was begun. The work was done under contract with Mr. 
Nickerson, Monterrey. The excavation had only one classification, 
and the contract prices were 0.50 peso per cu. for material carried 
spoil banks, and 1.00 peso for material placed the embankment. 
The excavation was begun December, 1907, and completed April, 
1908. The work was then left standing until the end 1908 allow 
the banks consolidate thoroughly prior lining, which was begun 
January 4th, 1909. 

Concrete Lining and CXCI shows the general plan 
and sections, the main feature being the simple division the reservoir 
into rows columns longitudinally and rows transversely, mak- 
ing total 360 columns, less the four left out the central tower. 
All the columns are apart both ways. The roof was designed for 
live load 100 and dead load 150 the same the 
South Reservoir. With the exception the floor, all the concrete work 
was reinforced with twisted steel lug bars. The foundation load 
the columns for the eastern half the reservoir tons per sq. ft.; 
that the columns for the western half, where the foundation 
very hard sillar and conglomerate, 1.95 tons per sq. ft. 

Underdrainage the Floor—To provide for proper drainage 
seepage, the floor was underdrained with rubble drains, cm. 
wide and deep, filled with large round gravel carted from the 
bed the Santa Catarina River. The total length these under- 
drains 1160 order facilitate the detection any seepage, 
they were conducted permanent inspection pit outside the 
reservoir. 

Main Distributing Conduit—The main distributing conduit 
laid along the inside the reservoir, the inlet end, and carried 
floor level. This conduit em. high and 45.7 em. wide, and 
branches two directions from the inlet tunnel each side the 
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reservoir, its total length being order prevent any stagna- 
tion and give continuous circulation, the water delivered 
eight points, the length the distributing pipe, through square 
openings with semicircular tops, the areas the openings increasing 
toward the ends. These inlets are placed that the current will not 
strike the roof columns. 

Outlet Tunnel and Valve-House.—The outlet tunnel the north 
end the reservoir, and was excavated hard sillar rock. The tunnel 
lined with thick, the finished internal dimensions 
being 1.52 0.91 The length the tunnel 22.5 the point 
where enters the outlet-house. This house divided wall 
em. thick, which supports 76-cm. (30-in.) penstock-valve. The sup- 
ply pipe the city leaves this chamber the west wall, and also 
fitted with 76-cm. penstock-valve. The supply pipe has copper 
screen the same design and dimensions those the inlet-house. 
(12-in.) scour-out pipe this chamber provides for draining 
the contents the reservoir neighboring irrigation ditch, when 
necessary. 

The superstructure the valve-house concrete, and the floor 
level there are bevel-geared head-stocks raise the valves, etc. 

By-Pass and Supply by-pass and supply pipes are car- 
ried below the reservoir embankment join the main 76-cm. (30-in.) 
cast-iron distributing pipe the city. For this short distance they 
were constructed concrete, cm. internal diameter, cm. 
in.) thick, reinforced with 64-mm. square steel longitudinal rods, 
from center center the circumference, and hooped with 
64-mm. square steel rods spaced cm. apart. The concrete forming these 
pipes was 14: mixture. 

Parapet Walls.—The parapet walls have piers each side and 
each end. these piers there are ventilating openings branch- 
ing the top each side the parapet, with outlets provided with 
cast-iron This arrangement gives sq. ventilating 
space (exclusive that provided the central tower), equally dis- 
tributed points around the walls the reservoir. 

General Construction Scheme.—The concrete mixing plant, which 
consisted two No. Smith mixers, was arranged connection with 
the bins and hoppers for the rock and sand the high ground the 
west, and from there the material was conveyed framed timber 
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gangway carried right across the center the reservoir, shown 
Fig. Plate CXCV. From this central platform the concrete for 
the columns was filled from stages placed the top traveling 
towers, high, which were run between two rows columns 
standard-gauge rails laid the floor the reservoir. this arrange- 
ment columns could filled from each length track. main 
narrow track was also laid right around the reservoir, with the 
necessary turn-outs. 

The forms for the columns, primary and secondary beams, are 
shown Plate The side forms for the primary beams were 
struck hours, economize lumber; but the bottom lumber 
was left position for days. avoid much unnecessary timber, 
the secondary beam forms were supported the ends reinforced 
corbels cast the primary beams. 

For placing the side-walls, special traveling form was used, the 
details which are shown clearly Plate CXCII. the end 
each form expansion joint was left filled after the 
roof was placed position. The concrete was delivered the wall 
through stove-pipe chutes, and carefully spaded workmen the 
limited space between the forms and the embankment. The wall form 
was removed after hours, loosening the jacks and pulling forward 
the hooked tie-rods. This form also shown Fig Plate 

The concreting the roof slab was carried continuously, and, 
when partly completed, the floor was laid the shade. The bottom 
layer the floor, thick, was laid continuous panels between 
the columns, and brought fairly smooth surface. this sur- 
face, after keeping wet for days and then allowing dry 
thoroughly, layer asphaltum, supplied the American Asphaltum 
and Rubber Company, Chicago, was placed. The work was done 
ordinary Mexican laborers after they had received few days’ in- 
struction from one the Asphaltum Company’s superintendents. 
The surface the lower layer was kept perfectly clean, and then 
received one coat paint. The asphaltum, heated 
boiler inside the reservoir temperature approximately 425° 
Fahr., was then poured over the floor from buckets, layer approxi- 
mately mm. thick. Where the floor joined the column pedestals, and 
each new panel section, double thickness was used. The labor 
water-proofing, including superintendence, amounted 
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cents (Mexican) per sq. for painting with “Pioneer” paint, 
and 5.4 cents for the asphaltum coating, total labor cost 8.7 
cents per sq. for the complete water-proofing. This cost based 
rate 8.00 pesos per day for foreman, and 1.00 peso for 
each laborer. required gal. the paint cover 265.2 
sq. m., and average about lb. asphaltum for sq. 

The upper concrete layer the floor, em. thick, was placed 
break joint with the lower, and was brought smooth sur- 
face with wooden floats sheathed with steel and reaching across the 
panels. this way perfectly smooth surface was obtained without 
any plastering. 

The concrete for the beams, columns, side-walls, and floor, was 
24: mixture, crushed sand and stone being used throughout. 
the roof slab the mixture was 

The whole the work the reservoir was completed 
months, the Company’s own administration, and the reservoir 
was first put into service few days after the great flood August 
27th, when the Estanzuela supply main, crossing the Santa Catarina 
River, was partly destroyed. Since that time frequent examinations 
the inspection pit, which connected pipe the rubble drains 
under the floor, have never revealed the slightest leakage. 

Lay-Out the Reservoir Roof and Company owns 
about 114 hectares land, which includes that occupied the reser- 
voir and its surroundings, and this property attractive 
situation, commanding fine views the Sierra Madre Mountains, the 
whole the works have been given pleasing architectural character, 
and the grounds laid out form public park for the citizens 
Monterrey. 

The general plan the scheme shown Fig. and Fig. 
Plate CXCVI. The roof, which has area hectare, has been 
laid out with walks and grass plots, and the surrounding embank- 
ments have been converted into driveways. Above the reservoir 
small plazuela hectare has been laid out with space above 
for band stand. The whole the ground has been encircled with 
carriage drives, which the intention plant shade trees. 
The lay-out this land also embraced the scheme for protecting the 

reservoir draining the surface-water away the irrigation ditches. 
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Comparison AND RESERVOIRS. 

The two reservoirs are practically the same capacity, the only 
difference being the level the overflows their relationship 
the which gives the Obispado Reservoir slightly greater 
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capacity. Some comparative figures may interest, owing the 


differences type and construction. Table gives the comparative 


quantities material each reservoir proper, that say, exclusive 
the valve-houses, lay-out grounds, etc. 
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TABLE 7.—Comparison SoUTH AND 


RESERVOIR. OBISPADO RESERVOIR. 


Quantities, Quantities, 


No. cubic No. cubic 
meters. meters. 
Earthwork: 
Placed spoil banks............... 500 224 
Concrete: 
Columns (including foundations)........ 185 240 543 
Primary beams.............. 135 440 374 462 
Square Square 
meters meters. 

Pounds. Pounds. 

Square Square 

meters. meters. 


The total cost these reservoirs, including valve-houses, by-passes, 
and the length supply pipe where the by-pass joins, and including 
all engineering expenses, etc., but exclusive the cost lands, plant- 


ing, fencing, and special work connection with the formation 
parks, was 


Reservoir: pesos, 10368 pesos* per million 
liters. 
Obispado Reservoir: 375000 pesos, 9375 pesos* per million 
liters. 


These rates may regarded reasonable when taking into con- 
sideration the special difficulties construction Mexico, and the 
high cost all imported material, which heavy duties are levied. 

The value the materials alone these reservoirs amounted 
more than 70% their total cost. 


Mexican currency. 
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ANALYSES AND SAN GERONIMO WATERS. 


Table shows analyses the Estanzuela and San Geronimo waters, 
made February, 1910, Messrs. Ledoux, New York City. The 
Estanzuela sample was taken the valve-house the South Reser- 
voir, while that San Geronimo was taken Shaft No. the 
infiltration gallery when flowing the rate about 450 liters per 
sec. Both waters are absolutely free from turbidity. 


TABLE 8.—ANALYSES ESTANZUELA AND SAN GERONIMO WATERS. 
Parts per Million. 


San Geronimo 
Estanzuela. Infiltration 
Gallery. 
Total solid matter solution 209.00 805.00 
SOLIDs 
BASES AND ACID RADICALS THE 
817.6 
Nitrogen Albuminoid 0.006 0.022 
0.002 0.002 
Total Hardness (as 155.0 


City 


The distribution system was begun September, 1906, but the 
general lay-out the mains was modified July, 1907, view the 
division the system into two services, for high and low pressure. 
Plate CXCVII shows skeleton form the lines the cast-iron 
mains. These are laid the present time along routes containing 
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houses (excluding wooden shacks) which can served immediately. 
The distribution system arranged serve follows: 


San Geronimo supply 


This represents, the present time, division the city 324% 
for the Estanzuela, and 674% for the San Geronimo supply. 
the area the supply district north Santa Catarina River, 57% 
will supplied from San Geronimo and from Estanzuela. The 
real development the city, however, northward the area the 
low-pressure supply. 

The static pressure over the city the two sections varies 
follows: 


The main supply pipe from the South Reservoir (24 in.) 
internal diameter, and this size allows ample provision for future 
extensions. The supply pipe from the Obispado Reservoir cm. 
(30 in.) internal diameter. this main, Calle 
Mayo, distance 320 from the reservoir, has been placed 
Venturi meter, the recording apparatus being the 
house the side the road. Both these supply pipes are carried 
well into the city, and from them the distribution mains are laid; 
these are 45.7 and (18 and in.) internal diameter, with 
intermediate sections and in. and in.). Along Calle 
Mayo, where the division between the two services takes 
place, two lines are laid, for high pressure and 
(15-in.) for the low pressure. duplicate pipe, em. (12 in.) 
diameter, also laid Calle Dr. Coss. Calle Alvarez 
the low-pressure pipe cm. (24 in.), and the high-pressure, 
45.7 (18 in.) diameter. Provision also made for extending 
the range the two services other districts. Practically every 
block provided with gate-valves cut off the supply any direc- 
tion. the 76-cm. main, 61-cm. (24-in.) valves are used, and are con- 
nected tapers the pipe. the mains, 45.7-cm. (18-in.) 
valves are used. The actual frictional loss reducing the valve 
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being small, this method permitted the use valves more 
convenient size. all the larger valves there are 15-cm. by-passes 
fitted with independent gate-valves. 

Scour-out pipes, em. in.) and em. in.) diameter. 
are placed various parts the system, draining the sewers. Air- 
valves, both double and single, are also placed high points dif- 
ferent parts the system. 

Reducing Valves.—At four points the system the mains are 
arranged that the supply can interchangeable. Fig. shows 
the arrangement the mains the junction Cinco Mayo and 
Alvarez Streets, and typical the arrangement the other points. 

Each reducing valve placed (12-in.) branch main 
between the two services. These valves adjust themselves auto- 
matically the pressure required, after they have been properly 
regulated the different pressures either side. allow repairs 
easily made, there are ordinary gate-valves each end enclosed 
the same pit. necessary, case fire, any part the 
system can changed into high pressure temporarily closing the 
valves against the San Geronimo supply. 

Table gives the length the mains laid, and the number 
valves. 


DIAMETER: 
Length, meters. Number 
gate-valves. 
Centimeters. Inches. 
10.2 831.68 677 
76.2 454.40 


The pipes were all cast according the British Standard Specifica- 
tion, 3.65-m. (12-ft.) lengths, and were supplied Messrs. 
Stewart and Company, and Messrs. Dick, Kerr and Company, 
Kilmarnock and London. The valves were all standard design, faced 


with gun-metal, and were supplied Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, Scotland. 
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the distribution system proposed provide 200 fire- 
hydrants, arrangement with the municipality, but only few 
these have been placed. The general type double hydrant for 
two 63.5-mm. streams. These are placed the corner 
every block the business portion the city; single-way hydrants 
will used the residential districts. 

Laying Cast-Iron Pipes.—Table has been prepared show what 
can accomplished with Mexican labor laying pipes. this kind 
work the labor was particularly efficient; after the gangs were 
once drilled into shape, the work proceeded systematically, and very 
good speed. All the pipes, after being laid, were tested 150 
per sq. in. the presence the Technical Inspector. 

Table gives the details the excavation, the material, and the 
average cost, laying about 106.6 km. pipes. 

House ordinary house connections, which are 
19-mm. galvanized-steel pipe, are connected the mains 
lead goosenecks and brass corporation cocks. The Company’s obliga- 
tion under the concession extended the edge the sidewalk, and 
this point curb-boxes, chiefly the Hays pattern, were placed; but, 
subsequently, owing the metering every house service the city, 
the control the Company extended the meter, which, rule, 
placed immediately inside the house. Owing the rapid deteriora- 
tion the house service pipes some districts the northern part 
the city, where the soil formed decaying organic matter, has 
been decided use lead pipe entirely from the main the meter. 

Damage Due Floods.—During the night August 27th, the 
main pipe, under the river bed Santa Catarina, the point 
where the main entered the city, was destroyed for distance 130 m., 
due the scouring away whole block city property. The 
Venturi meter register chart the South Reservoir showed that the 
break few minutes before midnight. The location this 
pipe shown Fig. its broken end was proximity old 
bridge pier. Fortunately, the time the flood, the Obispado Reser- 
voir works were completed, and the whole city was supplied with water 
from San Geronimo within hours. only about 1500 services 
had then been connected, this delay was not serious; fact, the 
lower part the city, the water the mains was sufficient until the 
San Geronimo supply could connected. make temporary con- 
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Rate for Rate for 10-hour 


day. 


Pesos. 


No. 


Total cost Total cost 
labor. labor. 


Pesos. Pesos. 


pipes laid. pipes laid. 
Cost per Cost per 


meter. meter. 


men. men. 


pipes laid. pipes laid. 


Cost per 
linear 
meter. 
Pesos. 


No. 
men. 


Total cost Total cost 


Cost per 
linear 


meter. 
Pesos. 


No. 


men. 


Total cost 
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nection conduct the high-pressure water the city, 15-cm. steel 
pipe was placed above ground, the line the main, for distance 
100 This pipe was supported cable mm. diameter and 
timber trestles. limiting the supply district, this pipe was 
sufficient capacity serve until the large main could safely 
restored. 

The flood destroyed about 1200 houses the neighborhood the 
river. number blocks the smaller mains were scoured away, but 
considerable salvage was done afterward, and, the intention 
the authorities not permit rebuilding along the flood-path the 
river, these mains not require reconstruction. 


SEWERAGE 


The Company’s obligations, far drainage concerned, were 
limited the removal and disposal sewage, provision being 
required for storm-water, which allowed find its way the 
natural watercourses. Apart from that fact, however, the best system 
for city like Monterrey, where rainfall for many months time 
very scarce, the strictly “separate system.” the design advantage 
was taken the natural topography the drainage district, which 
almost ideal one for gravitation system sewers, the general 
fall all directions being northeast; was also this direction that 
the best available land could obtained for disposal purposes. 

Plate CXCVIII shows skeleton form the general lay-out the 
sewers. Two drainage districts are arranged, divided Calle 
Washington, which may regarded practically the center the 
city, and each these districts has independent main collector 
connecting the outfall sewer the northeast extremity the city. 

The system has been designed that extensions may made and 
may cover any part within the city limits; the main collectors are 
large enough for the whole area when fully built up. 

The sewers are designed very liberal basis, namely, the as- 
sumption that when flowing half full the quantity dealt with will 
380 liters per capita per day, with maximum rate flow 200 
per cent. was assumed that each house would occupied 
persons and have frontage 124 The minimum velocities the 
sewers when running full, vary between 0.91 and 1.5 per sec., with 
the exception few blocks. 


id 
of 
; 
€ 
= 
| 
esta 


1686 WATER-WORKS AND SEWERAGE MONTERREY, MEXICO [Papers. 


The minimum size adopted was em. in.) internal diam- 
eter. The sewers diameters between 24.3 and are 0.91 
(36 in.) long, and are salt-glazed vitrified clay, imported from San 
Antonio, Tex. 


Table gives the details the length the various sewers laid. 


TABLE 


DIAMETER 
Kind. Length, meters. 
Centimeters. Inches. 
24.8 Fire-clay 882.85 
55.9 concrete tubes 6.9 cm. thick 184.20 
68.6 Brick and concrete 484.05 


The greater number the manholes are brickwork, em. thick, 
and have concrete inverts. They have diameter 1.2 m., which 
reduced 0.61 the top, and each provided with heavy cast- 
iron frame and closed cover weighing about 190 kg. There are 521 
manholes, and they are placed every block and long lines about 
apart. 

The sewers are flushed with 15-cm. (6-in.) automatic flushing 
siphons the Miller pattern with (8-in.) discharge pipes. There 
are 278 these siphons, and they are placed flush-tanks (Fig. 16) 
built brickwork and plastered with 1:1 cement mortar. Their 
capacity varies from 800 1200 liters, and they discharge from 224 
liters per sec. They are timed flush once hours. 

The system present ventilated (9-in.) steel ventilat- 
ing columns (Fig. 16), with ornamental cast-iron bases. There are 
220 these columns. Most them are 7.85 above the level 
the edge the sidewalk, and are connected special branch 
pipes leading from the sewer the outside the flush-tanks. the 


center the city they are provided with extension lengths, giving 
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Table 13, gives the particulars the average distributed cost 
laying the 75.6 km. sewers. 


TABLE 13.—Averace Cost 75.6 KM. SEWERS PER LINEAR METER, 
FoR MATERIALS AND 


EARTHWORK AND LABOR: 


24.3 2.00 2.10 3.46 0.21 5.67 
25.4 2.78 2.25 0.2625 7.0125 
80.5 2.50 4.705 0.305 8.65 
38.1 6.14 2.75 5.50 12.0775 
45.7 8.80 3.00 6.745 0.645 16.19 
50.8 11.30 8.50 0.815 20.39 
55.9 5.93 3.50 9.19 16.445 
bric 
68.6 8.75 11.735 22.835 


The house connections are chiefly (4-in.) pipes, laid 
minimum gradient 24%, from oblique branches the sewer 
siphon intercepting traps near the house, shown Fig. 17. From 
this trap 10-cm. fire-clay inspection pipe carried and capped 
the sidewalk level with cast-iron box having locked cover. From 
this inspection pipe branch connected cast-iron fresh-air 
inlet, most cases set the wall the house, the inlet being cm. 
above the level the pavement. 

Effect the Flood Sewers.—The flood August 27th and 28th, 
1909, partly destroyed one the main which was laid 
along the banks the river and encased concrete. This has now 
been relaid farther north, and out the way any future floods. The 
total length the new sewers replacing those damaged amounts 


1200 m., and they vary internal diameter from 55.9 cm. 
in.). 


Main 


The direction the main outfall sewer was determined after 
thorough study all the available land lying the north and north- 
east the city, was the intention the Company utilize 
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for irrigation purposes the sewage and any surplus waters that might 
developed. The best available site was found about km. 
north the city, little northwest the village San Nicolas los 
Garzas, shown Plate CLXXX. The long length outfall re- 
quired was justified the cheap cost the land and its excellent char- 


SKETCH SHOWING DISCONNECTING TRAP 
HOUSE DRAIN 


Fresh-Air Inlet 


C.1. Vent Shaft 
let into Wall 


Inspection Box 


Foot Path Level 
. Street Level 


Inspection Pipe 


House,Slope 1:40 


17. 


acter for sewage irrigation. The sewer was designed for capacity 
000 000 liters day (36.76 cu. ft. per sec.) order allow for 
conveying surplus waters well sewage. 

The outfall intercepts the two main branches the city sewers 
Calle Allende and Calle Tapia, and its total length approxi- 
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mately 11900 The chief type adopted shown Plate CC. 
formed with invert radial bricks laid 1:2 cement mortar, 
ground was chiefly hard sillar, only little concrete was required 
mould the bottom the correct shape. The arch was formed 
special radial bricks, em. in.) deep, laid cement mortar. These 
bricks were adopted preference concrete, owing the heavy cost 
sand and rock, due the long haul, and for the purpose obtain- 


ing rapid work. Plate CXCIX shows the sewer arch, and one the 
ventilating columns and manholes. The bricks were obtained from 
the brick plant, and form very satisfactory material for sewers, 
being well burnt, thoroughly hard, and absorbing not more than 
their weight water. The contract prices for the labor the 
brickwork were 1.25 pesos per sq. m., and 1.38 pesos for the arch. 

The general route the sewer very direct, long straight lines 
several kilometers being possible, and these were joined curves 
approximately radius. The gradient the sewer invert 
0.2% 500) which approximately the general fall the ground 
northward from Monterrey. 


The total quantity excavation was follows: 


No. conglomerate rock 9822 


The contract prices for this excavation were: for No. cents; 
No. cents; and No. 2.17 pesos per cu. 

All the excavation was perfectly dry ground. .Where the sewer 
was partly out the ground had foundation 1.75 
wide, from em. thick, below the bottom the brickwork, and 
carried the springing the arch, and well-tamped embankment, 
with slopes protect the sewer height em. (12 in.) 
above the arch. For 342 the Monterrey end the line, the sewer 
was constructed tunnel, from the open end and from two intermedi- 
ate shafts. The tunnel throughout was sillar, and the contract price 
for was 24.50 pesos per lin. This work was done without 
timbering any kind, except the shaft lengths. Plate shows 
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the lining the tunnel, which was concrete with brick invert. 
four places the sewer passes under main railway tracks, which 
these points were carried steel girders supported concrete abut- 
ments, the sewer being carried under the tracks the ordinary way. 

three points the sewer was carried over arroyos 
reinforced concrete girders. No. Station consisted four 
10-m. spans; No. Station over the Estancia Arroyo, con- 
sisted nine 10-m. spans; and No. Station 960, over the Topo 
Chico Arroyo, consisted three 10-m. spans. Two these bridges are 
shown Plate CCI. They were designed two parallel continuous 
girders with connecting top and bottom slabs. The concrete for the 
girders was mixture, the sand being from the crusher and 
the rock gauged pass 19-mm. The inside was ren- 
dered with coat 1:1 cement mortar, mm. thick, for water- 
tightness. 

The piers the Estancia Bridge (Plate CCI) were carried down 
through soft earth stiff clay from below the surface, 
and the foundations were spread that the pressure would not exceed 
ton per sq. ft. The ends the bridges were protected rubble 
wing-walls supporting the embankment over the sewer. 1:3:5 con- 
crete was used for the upper part the piers, and the lower part was 
the same mixture with 30% large boulders. There are man- 
holes (Fig. 19) along the line the sewer, and they vary from 150 
230 apart. The sewer ventilated with concrete towers (Fig. 18, 
and Fig. Plate CXCIX), 2.9 high, having 20-cm. (8-in.) shafts. 

The works for the outfall sewer were carried out satisfactorily under 
contract with Mr. John Phillips, Mexico City, the Company 
supplying the greater part the materials. The work was begun 
March 16th, and finished November 12th, 1908. 


For the purpose disposing the sewage and using profitably, 
the Company purchased 909 hectares acres) land from the 
Community San Nicolas los Garzas, the outfall sewer being 
carried the southwestern boundary the land acquired. This area 
has general fall all directions the northeastern boundary, with 
gradual fall about across the diagonal the land. The 
area purchased was practically virgin land, only small portions having 
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been cultivated. The greater part was covered with growth mez- 
quite trees and small shrubs. The quality the land excellent, 
properly irrigated, and capable yielding abundant crops every 
description. The limits this land are shown Plate CLXXX. 
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Sewage Purification Tanks.—For the purpose obtaining satis- 
factory effluent discharge the land without causing nuisance, the 
Company built system detritus chambers and liquefying tanks 
the end the outfall sewer. One difficulty faced, designing 

these works, was the fact that there were data regarding the probable 
quantity dry-weather sewage, nor any particulars its general 
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character; there was also the probability that the outfall sewer would 
have carry large quantities surplus water. Therefore, the system 
was designed capable extension necessary, and the sizes 
the various tanks were limited present, because the septic proc- 
esses which would set the long length outfall sewer. The 
tanks were designed deal with 000 000 liters sewage proper per 
day, and the channels, were proportioned take the full flow the 
sewer necessary. Provision was also made for discharging large 
volumes surplus water directly the land, independent the tanks. 
this by-pass was taken from the sewer short distance before 
reaching the site the tanks. properly timing the flow, arrange- 
ments could made discharge these waters the early hours 
the morning, allowing the scour-pipes the distribution system 
opened night when the domestic sewage flow was its mini- 
mum. area land available very great, the degree puri- 
fication the tanks was relatively unimportant; the object ob- 
tained consisted chiefly distributing the land effluent which 
would innocuous and clear. 

The general design the works shown Plate CCII, and they 
consist essentially screen chamber, duplicate detritus tanks, and 
three liquefying tanks. There also sludge-pit 629 from the 

Screen Chamber and Detritus Tanks—Enlarged details the 
sereen chamber are shown Plate CCIII. The invert where the sewer 
enters the chamber 489.45 above datum. This chamber 
has duplicate which are fully detailed Plate CCVIII. For 
cleaning purposes the screens are steel-framed head-gear, 
which arranged that they may lowered small traveling 
bogie, out the way the screen chamber. 

From the screen chamber there are two main channels, 1.22 
wide, branching the two concrete detritus chambers. Each channel 
has square penstock, that the sewage can diverted into either 
chamber when necessary. 

The detritus chambers are octagonal plan, diameter, and 
each provided with outlet weir 1.50 wide. the weir level 
the chambers have depth 1.75 m., with drainage channels below 
that level. The coping above the outlet weir the detritus 
tanks. drain off these chambers, each has scour-out pipe, em. 
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diameter, controlled from valves with spindles carried above the coping 
level. these pipes connected central chamber and leads 
(22-in.) sludge-pipe. The chambers designed are 
smaller capacity than those usually provided, but, all surface water 
strictly excluded from the sewerage system, the quantity detritus 
reaching the chambers may small. The velocity through them when 
both are use will approximately 0.082 (0.27 ft.) per 

From these chambers the sewage carried the three liquefying 
tanks main channel, 11.5 long and 1.50 wide. 

The tanks are concrete and have reinforced concrete roofs. 
Each long and wide; the minimum depth for the sewage 
1.50 the outlet end, and 2.25 the inlet, increasing maxi- 
mum depth 2.75 the lowest depth the scour-out channel. 
Their combined capacity liters, which equivalent 
hours’ flow the quantity sewage for which they were designed. 
The sewage passes from the main channel, through penstock-valves 
which control the flow, into one the other the tanks. From these 
valve openings flows over concrete weirs, long, and deflected 
the bottom the tank reinforced concrete extend- 
ing across each tank with clearance em. each end. This 
1.5 deep and em. thick, and placed em. from 
the end walls. 

The details the concrete division and outside walls are shown 
Plate CCVII. The floor was constructed two lawyers, and its 
surface divided into channels formed small walls, em. wide 
and deep, the object these channels being facilitate the 
cleaning the floor scouring out specially arranged channel 
the deepest point the tank, near the inlet end. Each scour-out 
channel has (12-in.) gate-valve, controlled from the roof 
the tank, the three scour-pipes meeting concrete chamber outside 
the tanks, from which 56-cm. (22-in.) pipe discharges 
the contents the tanks the sludge-pit during cleaning operations. 
The velocity through the tanks, when they are used combination, 
0.0253 (0.083 ft.) per sec., the tanks being made long economi- 
possible, order obtain this low velocity and thus permit the 
proper sedimentation the suspended matters. The roof each tank 
above the weir level. Each tank has four ventilating columns, 
3.7 high and diameter, vitrified clay pipes, with ex- 
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terior casing concrete, being ased for the shafts. The roof en- 
closed within parapet walls, covered with layer earth cm. 
thick. 

The outlet channel from tanks leads measuring chamber, 
square, shown Plate This chamber fitted with 
penstocks, 1.83 wide, and measuring weirs. From this chamber the 
sewage delivered two main irrigation ditches, which distribute 
the sewage two directions, onc northward and the other the western 
extremity the lands. 

Construction Tanks.—The excavation for the tanks was soft 
earth for depth m.; the lower depths were firm foundation 
sillar and clay. total excavation the tanks, chan- 
nels, was 335 cu. m., actual cost was cents per cu. 
facilitate the construction, about six-tenths the concrete beams 
were cast single monoliths end placed position sliding them 
across the tanks temporary remainder the beams, 
the roof, and the slab were placed position the ordinary way with 
timber forms. The total quantity concrete placed was 1360 cu. 
1:24:44 was used the walls, channels, and 
mixture for the roof slab and beams. 


Table gives the average cost per cubic meter for all the concrete 
work. 


TABLE 14.—Averace Cost Meter TANKS. 


Pesos per Pesos per 


cubic cubic 
meter. meter. 
LABOR: 
Carpenter work forms, framing, 4.20 


MATERIALS: 
Sand (from neighboring arroyo) 
Lumber, nails, and other supplies 


Total cost concrete per cubic meter............. 35.51 


sludge-pit, used when cleaning out the tanks, 
carried 639 northward, far enough get the available fall drain 
the bottom the detritus chambers and liquefying tanks. The drain- 
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age pipe was formed (22-in.) concrete tubes. The sludge-pit 
merely excavation the earth square and deep, the 
sides having slope overflow drains the pit irriga- 
tion ditch, the solid matter being allowed settle and the liquid 
drain off. From time time proposed dig out the solids and 
plow them into the land. 

General.—To the east the tanks 3-roomed house has been built 
for the inspector. 

order provide good supply water for cleaning operations, 
well deep has been sunk and titted with pumps operated 
delivers the pump water circular wooden tank 20000 liters 
capacity. 

The work connection with the purification tanks was carried out 
the Company’s own staff; was begun September 10th, 1908, and 
practically completed the first week January, 1909. 

the time writing, the tanks have deal with the sewage 
from population only 10000 persons, only from 20% 
the connections have been made. The sewage, therefore, has been 
diluted with several times its volume surplus water, and the neces- 
sary scum the top the sewage the tanks has not yet assumed 
the usual thick matty condition observed most systems. there 
are available means Monterrey having proper determinations 
made the degree purification which takes place the passage 
the sewage through the liquefying tanks, few simple tests have 
been made. These tests were limited the determination the 
amount oxygen absorbed hours, and show purification 50% 
passing from the detritus chambers the outlet. The sewage, al- 
though very black and full suspended matter enters the tanks, 
leaves them very clarified condition. 

the total area land acquired the Company, 904 hectares 

234 acres) have been leased the Monterrey Railway, Light, and 
Power Company, for years, the Water-Works Company reserving 
(12 acres) absolutely for future extensions the sewage 
works. giving months’ notice, the Company also reserves the 
right utilize any part 145 hectares (358 acres) near the tanks, 
should required any time the future for sewage purification 
purposes. 
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All the work was practically under the direction English-speak- 
ing superintendents and general foremen. For the ordinary skilled 
and low-skilled labor, Mexicans were employed exclusively, and, 
the work which was quite new them, they proved entirely efficient 
and satisfactory; throughout the work, which some periods be- 
tween and men were employed, chiefly under the Company’s 
direct administration, they were very tractable and willing their 
best, and trouble was experienced any time. The Mexican 
and also the ordinary skilled workman the north Mexico, 
intelligent, and excellent for purely routine work, but not 
adaptable resourceful cases emergency. Under intelligent and 
supervision, however, quite possible get good results 
could obtained anywhere. 

The daily rates wages for 10-hour day were approximately 
given Table 15, these rates being varied special cases. 


TABLE 


Pesos per day. 


Cost Works. 


Table gives the main items the approximate expenditure. 
These all expenses for preliminary location, engineering, super- 
intendence, purchase lands, water rights, but not include 
other heavy expenditures chargeable the concession, such, for ex- 
ample, general expenses, interest the rate during the con- 


| 
| 
| 
q 
‘ 
3 


PLATE CCX. 
PAPERS, AM. SOC. 


DECEMBER, 1910. 


CONWAY 
WATER-WORKS AND SEWERAGE MONTERREY. 


CATARINA RIVER AFTER THE FLoop. 


2,—View CATARINA RIVER FLOWING STREETS, Days AFTER THE 


n- i 
f 
3 


4 
7 
7 
7 
7 
7 
q 
7 
{ 


AND SEWERAGE MONTERREY, MEXICO 1699 
struction period, preliminary expenses for investigations, items 
which would increase the total nearly per cent. 


Pesos, 
Mexican currency. 


ESTANZUELA SUPPLY: 


000 
San GERONIMO SUPPLY: 
Aqueduct, tunnel, and infiltration gallery............ 000 
659 000 
San GERONIMO PROVISIONAL SUPPLY, 

WATER DISTRIBUTION 195 700 

Main outfall sewer................ 425 000 

Sewage purification 500 000 


general statement, the actual cost labor about 334% 
the total cost the construction work, including materials. Fig. 
shows graphic form the amount the labor pay-rolls and the prog- 
ress the work during the whole construction period from 1906 
1909, inclusive, comprising also that done under contract. 


TARIFFS AND SANITARY REGULATIONS. 


tariffs charged for the water and drainage service 
(Table 17) were approved the State Government (which accepts the 
responsibility for their collection), under compulsory State law which 
came into March 1910. for the southern portion the 
city, and July 1st, for the northern half, the penalty for non-com- 
being tax 10% the monthly rental value the prop- 
erty, assessed the State officials. 

The basis the tariffs (which were published February 22d, 1909) 
charge for water varying between and cents (Mexican) per 
1000 liters, with minimum monthly rate for each different class 
property connected the system. The rate for house drainage 
fixed 80% the minimum water rate levied the consumer. The 
minimum rates have been fixed that the poorer classes the com- 
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munity will not overtaxed, while the same time the rate 
actually levied the quantity water used, indicated the 


meter. All the services the present time are metered, and the meter 
system will used throughout. 


TABLE 17.—Tue Tarirrs. 


Monthly Minimum Rate for 


rate. service. Payable. 
Pesos. allowed. Cents. Pesos. Pesos. Pesos. 


“Notes: The 1ental for the water meters size (154 mm.), 
which shall always considered the property the Company, will 
cents per month. the first and second classes shall 
exempt from paying such rental for one year’s time, counting from 
this date. 

“(2d) All excess consumption water over that allowed the 
tariff will charged for cents less than the price shown the 
tariff per thousand liters. 

“(3d) Extra large houses, large establishments, such colleges, 
hotels, having consumption 50000 60000 liters 
water per month, will pay the rate cents per thousand liters. 
The drainage rate for such buildings will arranged proportion 
the water tariff, 80% the value the water. 

“(4th) The laundry establishments, bath-houses, ete., when using 
000 liters upward, can arrive some agreement pay 
cents per 1000 liters. 

“(5th) Groups can formed two more small houses 
obtain joint service under the proportion shown the tariff. 

“(6th) Any other combination that cannot entered into under 
the basis this tariff, will arranged specially agreed upon prices, 


such agreement being much possible subject the basis men- 
tioned.” 


Sanitary Regulations—The State Government, March 1st, 1909, 
published regulations for the proper installation the water and 
drainage services within the houses. 

the Government’s request, draft the proposed regulations 
was submitted the writer, who prepared it, after study American 
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and British sanitary by-laws, suit the special conditions Monter- 
rey. These regulations were afterward modified him collabora- 
tion with the Government Technical Inspector and Financial Inter- 
ventor, and, their final form, though not stringent those adopted 
many northern cities, are probably more complete than those 
any other Mexican city. Under these regulations only registered 
plumbers. can undertake plumbing installations, and they have exe- 
cute bond the satisfaction the Alcalde Primero (City Mayor) 
for the sum pesos guaranty responsibility. For defec- 
tive workmanship any infraction the plumbing regulations, they 
are liable heavy fines, and can called make good all defects 
workmanship, without extra charge the owner the property. 
The provisions the regulations are carried out under the supervision 
the Government Technical Inspector, the Company’s obligations 


extending only the sidewalk and the meters placed within the 
houses. 


ENGINEERS, ETC. 


Binckley, Am. E., was Chief Engineer the Com- 
pany from February December, 1906. The writer was Chief Engi- 
neer from May 1907, until April, 1910, and responsible for the 
design and construction the works carried out during that period. 
Mr. Schuyler advised the Company throughout all preliminary 
studies and investigations, and acter Consulting Engineer until 
February, 1908. The Technical Inspector, behalf the Govern- 
ment, throughout the whole progress the works, has been Rudolf 
Meyer, Am. Soc. E., and the writer wishes record the valuable 
assistance the Company has received from him. 

conclusion the writer may permitted pay tribute the 
devoted publie spirit shown his Excellency, General Bernardo Reyes, 
the Governor the State Nuevo Leén from 1885 February, 1910, 
and who, untiring his devotion the interests the city, was 


primarily responsible for the inception the works and their successful 
completion. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THEORY THE WATER WAVE.* 


While studying the vertical circulation the water the Charles 
River near Boston, Mass., the writer thought that there must 
simple theory wave action, and has undertaken find that 
theory, the results his conclusions being contained the following 
paper. 

attempt has been made into the deeper mathematical 
problems connected with the theory; only general statement that 
may useful engineers given here. 

The writer has not been able much experimental work; 
but has secured his data largely from papert Captain 
Gaillard, now Lieutenant-Colonel, Corps Engineers, Army. 
Captain Gaillard’s paper contains large amount information, 
obtained from his own experiments and from other sources. 

The following theory based the fact that water will move 
the direction least resistance, following the law that column 
water bent tube will oscillate down one side the same 
time that pendulum, which one-half the length the column 


water, will swing; the theory also based other well-known facts 
and laws. 


This paper will not presented any meeting, but communications the 
subject are invited for publication with Transactions. 


Sea Water the Charles River Basin After Excluding Tidal 
Engineering News, March 10th, 1910. 


Wave Action Relation Engineering Structures,” Professional Paper No. 31. 
Captain Gaillard, Corps Engineers, Army. 
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The theory that the motion the particles water wave 
circle ellipse, and even approaches straight line, for waves 
shallow water, accepted, all experiments have shown that 


the case. 


Fig. represents trough, AB, with gate, CD, which can 
raised. The water stands the height, the left the gate and 


the height, the right. When the gate, CD, raised that 
the bottom will the water the left the gate will settle 
down, some flowing out under the gate, raising the water the 
right, and causing take form somewhat like FKL. 
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The water the left the gate will settle until has lost its 
motion, the bent tube, then will rise again, and keep falling 
and rising until the resistance has overcome the power motion, and 
the water will stand level the trough. This action will called 
one displacement, where the motion communicated through the 
water water distance. 

Fig. the same trough with water the right the gate. 
When the gate, CD, raised clear the trough, the water the left 
will flow toward the end, This action will called one flow. 

Fig. there are the same conditions Fig. but when the 
gate, CD, lifted clear the trough, the resulting action one 
both flow and displacement, and the result wave, the flow starting 
immediately, and the action similar that the crest wave. 
The displacement felt advance the crest, and shown the 
upward motion the water. The motion the particles water 
wave due the resultant these two forces, namely: flow, 
which gradually decreases while the displacement vertical motion 
increases, and then the reverse action. 


Although the forces that act the particles water wave 
are flow and displacement, they are also dependent the action 
every other particle the complete wave, and their united 
action which produces the regular waves seen after storm. 

Whether the wave caused the wind some object placed 
the water, forced away from the disturbance just the 
same the case the trough. 

Fig. shows the direction motion the particles water 
the surface complete wave: 

Particle affected only flow, that travels horizontally 
and not vertically, has lost its upward motion and has not acquired 
downward motion. 

Particle being advance the highest part, has not yet 
acquired its full flow, and, approaching the highest position, 
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has lost some its upward velocity; the resultant shown its 
position the circle. 

Particle far advance the crest that not affected 
much flow, and, being about half-way up, has attained its greatest 
upward velocity. 

Particle the crest the wave having passed, has acquired some 
velocity downward direction. cannot fall vertical direc- 
tion, account the horizontal motion given when the top 
the wave, and the wave may traveling uniform velocity 
ft. per sec., the water, acquire that velocity downward 


direction, would have separate itself from the wave and fall 
independent it. 


Particle half-way down, and has acquired its greatest down- 
ward velocity, but has motion, beyond the effect 
the wave just passed. 

The motion Particle similar that they are the 
same point the wave. They are the lowest point the trough 
the wave, and therefore have vertical motion. Their horizontal 
motion about the same when the crest; but the opposite 


direction, caused suction fill the positions left Particle and 
make room for Particle 


Velocity—An examination the movement the particles 
water wave, shows that the half nearest the crest moving 
forward, while the half the trough moving backward. the 
points meeting these two movements there vertical, but 
horizontal motion. 

also seen that the half the wave from the crest the 
trough front moving upward, while the half from the crest the 
trough rear moving downward, and this one-half length the 
wave that the base the following formulas. 

The number seconds, required water bent tube rise 
fall one side found the following formula: 


which the time, seconds; and the length the 
column water, feet. 


Papers 


4 
" 
vel 
rep 
cul 
for 
as 
39.1 


THEORY THE WATER WAVE 1707 


Applying this formula wave gives: 


39.1 


which the longitudinal length the wave, feet; and 
the time, seconds, required particle rise fall. 
The velocity the wave found the formula: 
39.1 
The trochoidal formula for the velocity wave is: 


which the acceleration due gravity, feet per second; 
the horizontal length wave, feet; and 


the radius the rolling circle, feet. 


For better comparing the two theories, the observed and computed 
velocities, taken from Table were plotted Fig. The circles 
represent the observed lengths waves and their velocities. The upper 
curve the theoretical velocity, determined the trochoidal 
formula. The two lower curves were obtained from Formula and 
represent the theoretical velocity. 

will noticed that the trochoidal curve goes through the upper 
part the observed velocities, while the curve Formula passes 
through the lower -portion. 

pendulum, with the best bearings, placed vacuum 
nearly complete possible, and started swinging, will keep nearly 
perfect time for few hours, until the motion has stopped. 

After big storm, over deep water, many hours after the wind 
has stopped blowing before the wave motion has ceased. Why should 
not the deep-water wave keep good time the pendulum? 
again called the fact that Fig. the theoretical velocity 
Formula passes through the lower part the observed velocities. 

Fig. shows pendulum rest, with air pipe and nozzle, 
and valve, which shuts off the air current. allowing the air 
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length. 
(2) 
121 
650 
600 
571 
559 
500 
500 
460 
459 
459 
450 
428 
426 
426 
400 
400 
400 
400 
400 
894 
894 
880 
850 
818 
805 
276 
262 
262 
261 
250 
250 
249 
209 
202 
200 
191 
180 
171 
167 
164 
162 
160 
158 
150 
148 
148 
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TABLE 1.—(Continued.) 


WAVE VELOCITY, IN FEET PER SECOND, 


Wave Wave 


height. length. Computed: Computed: Difference, 
Observed. columns columns 

(1) (2) (3) (4) (5) (6) (7) 
4.6 148 29.8 2.3 21.9 7.9 
8.2 145 26.9 27.3 0.4 21.7 5.2 
3.9 134 26.9 26.2 0.7 20.9 6.0 
8.2 131 20.2 25.9 5.7 20.6 0.4 
8.2 131 23.8 25.9 2.1 20.6 8.2 
7.5 131 21.7 25.9 4.2 20.6 —1.1 
4.9 26.2 25.9 0.3 20.6 5.6 
6.6 123 25.6 25.1 0.5 20.0 5.6 
3.3 119 24.3 24.7 0.4 19.7 4.6 
8.9 115 19.2 24.2 5.0 19.3 
115 19.2 24.2 5.0 19.3 
4.6 115 24.0 24.2 0.2 19.3 4.7 
3.6 115 22.1 24.2 2.1 19.3 2.8 
2.6 108 23.6 23.5 18.7 4.9 
8.0 100 14.3 22.6 8.3 18.0 3.7 
7.0 100 16.7 22.6 18.0 1.3 
6.0 100 16.7 22.6 5.9 18.0 
4.0 100 12.5 22.6 10.1 18.0 5.5 
6.6 16.3 22.4 6.1 17.9 1.6 
4.9 21.8 22.4 0.6 17.9 8.9 
4.3 20.5 20.5 0.0 16.3 4.2 
6.0 16.0 20.2 4.2 16.1 0.1 
5.0 12.0 17.5 5.5 14.0 2.0 
4.0 10.0 16.0 6.0 12.8 2.8 
3.0 12.5 16.0 0.3 
2.0 10.0 14.3 4.3 11.4 1.4 
3.0 10.0 12.4 2.4 —0.1 


The first five columns Table are taken from Table Captain Gaillard’s paper, 
and the last two columns were calculated the writer. Captain Gaillard’s observations 
were taken eleven different sets observers forty-one different dates. 


flow and then shutting off, the pendulum started swinging; 
and, the valve opened while the pendulum moving from left 
right and closed for the rest the time, the pendulum will keep 
its swinging. 

the pendulum well pivoted, the air strikes the ball will 
give little more force each time, causing swing higher and 
higher until finally makes complete circle, and the air continues 
blowing the ball will around faster and faster until the air 
current just sufficient overcome the friction. 

Before the pendulum made the complete turn kept fairly good 
time, considering the extra force given it; but, after made 
complete turn, the time was reduced, and the number revolutions 
depended the air current. 

When the air shut off, the friction gradually reduces the time 
revolution the pendulum that which would swung pendu- 
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lum like arm, and then ceases turn completely over and keeps 
the same time until stops altogether. 

This action similar that water wave. The wind blowing 
the crest the wave, forcing ahead and downward, causes the 
wave travel faster than the velocity called for the length; but 
Formula the velocity dependent the length the wave; 
therefore, the wave travels faster, will try lengthen out hori- 
This cannot done immediately, kept place 
somewhat the wave front and the wave behind, that the re- 


= 
~ 


adjustment comes gradually. This adjustment may accomplished 
two waves uniting, one wave overtaking another, they run 
before the wind. the wind should die out before the wave has 
readjusted itself would still take some time so. 

When the wave has readjusted itself and the wind has stopped 
blowing, the friction gradually causes the wave travel more slowly, 
which reduces the wave length. 

study Table shows that the greatest percentage increase 
velocity when the wind has been blowing for comparatively 
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short time; when the same wind velocity maintained for.a longer 


time the wave gradually lengthens out, which increases the theoretical 
velocity and reduces the percentage increase. 


THE DUE THE WIND. 


MEAN WAVE VELOCITY, |HOURLY WIND 


. IN FEET PER SECOND. IN FEET PER SECOND. a 
(1) (2) (3) (4) (5) (6) (7) (8) (10) 
1901. 


This length the average 160 and 200 ft. 
length the average 140 and 150 ft. 
This length the average 180 and 150 ft. 
length the average 200 and 250 ft. 


The wind velocities this table are the corrected velocities, determined the 
United States Weather Bureau Robinson’s anemometer located the edge high 


bluff rear the City Duluth, and 1.25 miles from the point observation the 
waves, the wind blowing the direction wave travel. 


Columns and were taken from Table XIV Captain Gaillard’s paper. 
Columns and were taken from Table Captain Gaillard’s paper. 
Column was computed Formula 


Column gives the percentage increase over the theoretical 

These seven observations were the only ones that could used from Captain 
Gaillard’s Table XIV, the lengths the other observations varied too much get 
fair Although these may considered shallow-water waves, they show very 
well the effect the wind. 


Formula the writer has only considered the horizontal length 
the wave; but possible that the true length for finding the 
period wave should taken along the surface along the 
filament, OP, which passes through the center gravity the volume 
water contained ABF, Fig. would give the wave longer 
period and slower velocity. 

study Table shows that most the waves having velocity 
slower than the theoretical are high waves; and, with waves the 
same length, the highest are generally the slowest. 

There are many conditions that enter into the formation 
wave that the writer has not considered this refinement necessary, for, 
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using the horizontal length, the maximum theoretical velocity 
obtained. 

Depth Which Wave Action shows regular 
waves, 100 ft. long and ft. high, that portion between and being 
complete wave. Now, can seen that the quantity water 
included between larger than that between MJ, the water 
contained JIKL, and this excess must pass the vertical line 
through twice every complete wave motion; once forward with the 
wave, and once backward the trough. will also seen that the 


quantity water contained must pass any vertical line, 
NF, twice each wave motion. 


The motion the particles water the surface circle, 
with the height the wave the diameter. The motion below the 
surface decreases the distance below the center the surface 
orbits increases arithmetical progression; the radii decrease 
geometrical progression, this decrease being such rate that the area 
contained between the curved lines, and BF, joining the ends the 
radii and perpendicular them, equal the area, JIKL. 
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This gives depth wave action which greater than generally 
supposed. The depth could decreased considerably without affecting 
the wave very much, long the changes are not sudden that the 
wave could not readjust itself. 

Shape the Wave.—To plot the surface deep-water wave, lay 
off the length, AB, Fig. Construct circle tangent with 
diameter, AC, equal the height the wave. Divide into eight 
many equal parts required, and erect perpendiculars. Divide 
the the circle into the same number equal parts, 
and draw horizontal lines through these points. Let the lowest 
part the wave. Next consider the particle, its center being one- 
eighth the distance from will the horizontal line 

The particle, the center which one-fourth the distance 


from will the horizontal line drawn through and 


drawn through and 


eighths the distance from will the horizontal line 
3AB 


drawn through and will 


from 


The particle, the center which one-half the distance from 
will the top the wave, and one-half the distance from 
The particle, the center which five-eighths the 
from will the horizontal line drawn through 


similar manner. 


This surface wave the same that given the trochoidal theory, 
but the writer prefers consider his construction, simple 
understand. 

will seen that the distance, AM, greater than MN, and 
still greater than NO, showing that all the surface particles cannot 
have circles their orbits; but that some them must forced 
under while others must higher the crest the wave. 
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While this may not the true shape the wave, very close 
it, and gives quantity water which least much that 
actually the wave. 

The shape the wave any point below the surface shown 
the same way, using the same length wave, but with height 
corresponding the diameter the orbits the depth taken. 

All particles vertical line move the same direction unless 
prevented some outside action, such the wind forcing the crest 
ahead, friction the bottom tending retard the lower portion. 

Height the height wave generally caused 
the wind, and modified the depth water and the “fetch,” open 
water from the windward shore. The wind, blowing unevenly the 
water, causes the formation depressions and ridges, after which the 
wind acts directly the ridges crests, them ahead and down- 
ward. has been seen that the back the crest starts downward, 
and, with the added force the wind, goes little deeper, and then, 
rises, goes still higher than before. 

The wind, causing the height, may also prevent the wave from going 
very high, may blow the crest and force break start 
downward before has lost all upward motion. 

has also been stated that the height may have influence the 
Wave Energy.—From Fig. seen that the volume water 
the area, moves forward and back each complete wave, and 
that the same quantity must move forward each wave crest. The 
volume contained considered ft. thick, may approxi- 
mately obtained the formula: 


which equals the length wave, and equals the height, 
both feet. 
This gives energy water moving forward with the wave, 
taken ft. wide, equal the volume contained the area, 
multiplied the velocity with which the wave traveling, and may 
found approximately the formula: 


Energy 
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which the velocity the wave, feet per second; 
the length the wave, feet; 
the height the wave, feet; and 
the weight cubic foot water, pounds. 
This does not mean that the same water moves forward with the 
wave, but the force the moving wave. 
The energy distributed throughout the half the wave the 
crest, and downward the greatest depth wave action. 


SHALLOW-WaTER 


Waves moving water depth less than one-half the wave 
length have generally been called shallow-water waves, because the 
friction the bottom modifies somewhat their shape and velocity. 

Waves may move water which much shallower than one-half 
the wave length without materially affecting their velocity. can 
seen that, two waves equal length, but with one having height 
twice the other, the larger wave, having about twice much water 
moving forward, will feel the effect friction the bottom more 
quickly. 

the writer’s opinion that Formula may used 
for all waves with coefficient suitable for the conditions. The theoreti- 
cal velocity has been shown and also the increase velocity due 
wind action few cases. The first effect deep-water waves running 
beach reduce the velocity. The wind causes the waves 
travel faster, that they have lengthen out, while the friction 
the bottom causes the wave travel more slowly, which shortens the 
wave lengths, will shown later. 

study Table shows general that when the wave height 
more than one-half the depth water, the velocity materially 
reduced below the theoretical; but, when the wave height less than 
one-half the depth, the observed velocity great the theoretical. 

When the wave height from one-half one-third the depth 
water, probable that the velocity begins materially reduced, 
and the water continues grow more shallow, the velocity and wave 
length are reduced until the wave breaks. 

Fig. has been plotted the observed lengths the waves, showing 
the percentage the theoretical velocities; and curve has been drawn 


through the averages, give the percentage for any length under 
similar conditions. 
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PERIODS: 
Number 
Date Heights, Lengths, Mean depth, 
seconds. seconds. 
(1) (2) (3) (4) (5) (6) (7) 
1901. 
May 8.0-17.0 160-200 6.9-8.0 7.0-7.8 24.7-26.7 
6.5- 8.0 180-150 6.0-7.5 24.7-26.7 
4.0-12.0 110-150 5.8-6.8 5.8-6.8 24.7-26.7 
4.0-14.0 100-130 4.4-6.8 5.5-6.3 24.7-26.7 49 
5.0-10.0 140-150 6.3-6.5 6.6-6.8 24.7-26.7 
October 10........ 4.0- 9.0 6.8-8.3 6.8 24.7-26.7 
180-150 4.9-5.4 6.3-6.8 24.7-26.7 
November 22...... 7.0-16.0 150 5.5-6.4 6.8 24.7-26.7 
7.0-14.0 100-200 5.5-7.8 24.7-26.7 
100-150 4.4-6.0 5.5-6.8 24.7-26.7 
8.0-14.5 110-200 5.5-8.0 24.7-26.7 
180-200 5.0-8.0 6.3-7.8 
9.0-13.0 105-185 5.0-7.0 5.7-7.5 
12.0-16.0 160-250 6.1-9.2 7.0-8.8 
10.0-14.0 188-200 7.5-8.0 24.7-26.7 
OBSERVATIONS TAKEN LAKE SUPERIOR. 
160-185 7.0-7.5 18.7 
150-184 6.9-8.0 6.8-7.5 15.7-15.9 
140-180 6.7-8.7 6.6-7.4 18.0-14.0 
September 13...... 7.5 120 6.0 6.1 18.0-14.0 
October 25... 6.0-10.0 94-134 
June 5.... 4.0 4.6-4.7 6.9- 7.0 
26. 4.5 5.0-5.6 4.8-5.3 6.3 
April 23. 5.8 4.8 5.7 
June 4.. 4.0 3.9 5.7 
June 5.... 2.5- 3.5 50- 5.1- 5.7 
April 2.5- 2.75 60- 4.3-4.6 4.0- 4.2 
2.5 4.8 4.3 4.2 


Columns 4,6, and were taken from Table Captain Gaillard’s paper. Column 
was calculated Formula 


study the percentage theoretical velocities Table shows 
that the smaller waves, containing less water, may travel with 
smaller percentage before breaking. 

The action deep-water wave passing into water gradually 
decreasing depth follows: the wave enters shallow water, its 
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WAVE VELOCITY, FEET 


PER 
Computed 
Wave height. Wave length. Computed. observa- 


Feet. 

4.0 2.8 8.6 

6.0 2.5 4.4 

14.0 4.0 6.7 

20.0 5.0 8.4 
Feet. 
1.0 23.0 5.4 8.7 
1.25 27.0 6.8 9.4 
1.5 30.0 7.0 9.9 
35.0 8.0 10.7 
2.0 46.0 8.4 12.0 
2.25 50.0 9.4 12.8 
2.5 60.0 9.4 14.0 
70.0 10.8 15.1 
8.0 11.7 15.6 
4.0 82.0 12.2 
4.25 85.0 18.0 16.7 
4.5 90.0 14.0 17.1 
5.0 120.0 15.2 19.8 
6.0 150.0 18.2 22.1 
7.0 160.0 21.5 22.8 


Columns and were taken from the table pages and 100 Captain Gaillard’s 
paper. Columns and were calculated the writer. North Beach has uniform slope 
about 1:100. These observations were made during calm weather, only when mod 
erate wind prevailed, with the idea eliminating any possible effect wind. 


lower part, flowing over the bottom, retarded friction, and tends 


delay the upper part. This reduction velocity produces several 
other changes: 


coming from deep water must have the same 
period from crest crest, and, the velocity reduced, the distance 
between the waves shortened. 

Formula the period dependent the length, and, 
the period the same, there will tendency maintain the same 
length. While these two changes act against each other, probable 
that the lengths vary more directly with the first case, the following 


Fig. seen that the same quantity water 
along with the wave, and, the wave length shortened, 
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then the height will have increase, order contain the same 


volume water. There will little loss the size the wave, due 
the friction. 


the wave continues advance, the velocity and length decrease, 
while the height increases. The friction the bottom retards the 
motion the lower layers, that they are behind the upper layers 
rotating, shown Fig. the crest moving forward, 
the lower layers are still moving forward and upward, that the front 
the wave fairly steep, while the back somewhat rounded. This 
action continues increase until the crest becomes unbalanced that 
falls forward and breaks. The breaking the wave also assisted 
the undertow, which reduces the available height water and 
increases the friction the lower part the wave. 


Percentage 
Theoretical Velocit 


10. 
Captain Gaillard says: 


“With gentle slope the bottom, opposed wind, [the height 
the wave] was increased; while with steeper slope, with wind 
the direction wave travel, [the height] was decreased.” 

This may accounted for the fact that with gentle slope the 
wave has chance readjust itself the new conditions and can 
become higher without breaking. The opposed wind has the effect 
retarding the surface the wave, thereby giving the lower layer 
chance keep with the surface. With steeper slope the wave 
does not have time adjust itself, and therefore breaks. The wind 
traveling the same direction partly causes the surface layers move 
faster and partly blows the crest over. 
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Captain Gaillard makes the following statement 


“Observations taken the outer end the Duluth Canal, August 
1901, when there was current, showed that the maximum waves 
had height feet. Similar observations the same locality, taken 
half hour later, when the velocity the current opposed the 
waves was about feet per second, showed that the maximum waves 


were feet high. The wind conditions were practically the same 
both cases.” 


This may explained follows: These waves were formed the 
lake, where there was current; approaching the entrance they met 
the current from the canal, and the waves entered the canal the 
current was flowing out about ft. per sec. The waves were travel- 
ing certain velocity period, and they met the opposing current 
they still traveled the same speed through the water; but, the 
water was flowing meet them, the waves gradually closed until 
their length had been reduced number feet equal the product 
the velocity the flowing water and the wave period. 

Formula gives the approximate volume water which con- 
tinually traveling forward with the wave, and, the length shortened, 
the height must increased contain the same volume water. 

the observations under date August 9th, 1901, Captain 
Gaillard’s Table the longest observed wave length and period 
will examined, order see the result when moving into flowing 


water. The wave length 130 ft., with period 6.8 sec., the 


height will considered ft. When this wave runs 


opposing current ft. per sec., the wave rear will nearer the 


wave front 6.8 times 13.6 ft., which reduces the length 
between crests 116.4 ft. 


Formula the volume water moving forward with the wave 


the lake will approximately while, with the wave 


traveling flowing water there must about the same volume, 
130 116.4 
which equals the required height, 13.4 ft. 


this only approximate, and the observations were 


taken half hour apart, cannot expected that they will exactly 
the same. 


*On page his paper. 
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Waves running into current flowing the same direction would 
reduced height; while waves formed flowing water and running 
into still water would have their height increased decreased, accord- 
ing whether the current was flowing with against them. 

The cause the increase the height the wave the same, 
whether the wave travels into water with gradually decreasing depth, 
the bottom level with converging sides. This action also 
illustrated the tidal wave the Bay Fundy and the British 
Channel. 

Waves traveling through narrow opening into large bay 
harbor are greatly reduced height the bay. This can accounted 
for the fact that wave the harbor cannot water 
moving forward than the same wave had when passing through the 
opening. 

The height the wave the harbor may general calculated 
the inverse ratio its length along the crest the length when 
passing through the opening, follows: 

Height harbor Height opening 


Due allowance should made for the shape the harbor and 
causes tending use the force the wave. The highest part 
the crest will line passing through the opening and extending 
the direction wave travel; while the crest each side decreases 
with increase the 

Distance from the line highest crest 
Distance wave travel from the 


Force 


The forces exerted waves may classed follows: 

(1st) That due the onward motion the water the wave; 
this may vary from zero that caused action similar 
water hammer; 

(2d) That due static pressure caused column water, 
turning the direction the moving water upward; 

(3d) That due the receding the wave; this may vary from 


zero that caused column water standing height 


the acceleration due gravity; 
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Length crest opening Length crest harbor 
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(4th) That caused floating the water, cakes ice 
logs, which may hur the waves against any barrier. 


1st. Force Due Onward the probable 
that the full force water never realized, and the nearest 
approach such action would when the water may rush into some 
opening wall other structure which has opening large enough 
permit the air escape, but 
much water. 


not large enough take care 
there for the air, will compressed 
until such time the flow the water stopped and recedes its 
normal state. 

When the water confined there sudden stoppage the 
flowing water, exerts all directions; but when the water 
free, wave, the force nearly all the direction which 
the water moving. This diree water travel the most im- 
portant consideration the forces the wave. 

the case pile placed itself water, the force wave 
acting against any depth ild that caused the velocity 
the water, and would depend the shape the pile allowing the 
water flow past it. sondition would hold true for the 


broad enough make complete 


This sam 
ends pier other structure 
stop the wave. the case wall breakwater which completely 
stops the passage the wave, ent rely different conditions obtain. 

Fig. represents wall, with vertical face, the depth 
front the wall being such that the wave does not break. The 
distance, KL, the height the waves they approach the wall, 
while the limits the highest and lowest part the surface 
the wave against the wall, and may twice much KL. 

can seen from the figure that the wall below always sub- 
merged, that the water cannot moving direction against the 
wall, and there will never «ny force nature directly 
against below this point. 

The rise the water agains the wall, from mostly 
displacement, and, being direction, the wave exerts hardly 
any force against the wall between these limits. 

From toward there some horizontal motion against 
the wall, and this increases until the maximum reached, 
which point there the greatest horizontal motion, together with 
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sufficient quantity water, and from there the top the wave the 
decreases the quantity becomes less. 

deep water there will not high force against wall 
this form, the water next it, upward, deflects somewhat 
that which moving horizontally. 


Fig. shows the same wall, but with slope rip-rap front 

Formula gives the approximate water moving forward 
with the wave, and Fig. this moving water distributed down 


7 
P. + ~ 


the bottom and travels nearly the wall, where the force lost 
raising the water above its normal level. 

Fig. the same quantity water traveling forward with 
the wave; but, reaching ‘the top the rip-rap, the vertical height 
through which the wave passes reduced, and, nears the wall, 
the moving water concentrated into comparatively small depth, 
and rushes forward and little upward with great force against the 
face the wall. 

Fig. are shown the same conditions Fig. 12, but with 
berm, MP. this case, the wave reaches the top the slope, 
looses its upward motion, and rushing forward strikes the wall square 
the face. 

general, when the water motion concentrated into small 
space, the force also concentrated and the wave strikes with much 
greater power. When the face the wall perpendicular the 
direction water travel, has withstand great force, but the 
reduction the wave will greater. When the wall angle 
the direction water travel, does not have stand much force, 
for the wave partly defleeted, broken farther on. 

Figs. and the wave will break while the rip-rap, causing 
the water rush forward with great force. 

The wave, breaking just before reaches the wall, exerts the 
greatest force against it, consisting the wave striking the wall and 
changing the direction the moving water from horizontal 
upward one. When the wave breaks the beach, there the same 
horizontal action the previous case, but the water allowed 
travel onward, and spends its force the beach. 

2d. Force Due Static there the pressure due 
the height the water, and, second, the pressure caused deflect- 
ing the water upward. The most important static pressure that 
caused deflecting the moving water. the water, moving 
forward horizontally, strikes the wall, its motion not stopped, but 
continues any direction that may go. When the wave strikes 
the wall, tries all directions parallel its face, and 
exerts pressure downward and against the wall. This pressure must 
sufficient cause the water move upward, this the only 
direction which can go. 


These two forces, kinetic and static, give pressures independent 
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each other, but are united into greater pressure wherever they act 
the same place. 


The first, kinetic pressure, may found with spring dyna- 
mometer, while the total pressure any point both the and 
static forces may found with diaphragm dynamometer. For the 
purpose illustrating the pressure registered these two types, 


Table from Table XVIII, and Table from Table XXI, Captain 
Gaillard’s paper are here given. 


TABLE Spring DyNAMOMETERS LAKE 


AND Entry. 


OBSERVED MAXIMUM . | CORRESPONDING MAXIMUM DYNAMOMETER 
WAVE DIMENSIONS: READINGS. PRESSURE, IN POUNDS 
PER SQUARE FOOT: 


End south pier, Duluth 
Canal. Elevation above pier, 

low-water datum which 
dynamometers were set 


feet 


per secon 


om 


(1) (6) (9) 


o 
o 


Velocity, 


1901. 

July 24th 250 Not set. 
August 9th 370 190 


| D 
October 9th 000 210 
November 6th... 000 615 
November 22d... 000 


605 


be C ” 
+7.04 ft. Removed. 
October 23d 800 445 Removed. 
December 20th.. 700 430 515 Removed. 


will seen that the spring dynamometer, “C,” when set from 
1.3 1.8 ft. below the general level the water gave readings only 
out days, and registered the kinetic energy the wave; while 
the diaphragm dynamometer, No. when set from 0.6 1.1 ft. below 
the general level the water gave many readings each day, while 


the observations were being taken, and registered the total force 
the wave against the dynamometer. 


1 
water 
feet. 
| 
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June +1.2 4.8 16.0 410 000 wate 
eee oe eee eee pres 
Col 
the 
wel 
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col 
det 
(a) The movement the index hand the gauge was rapid for these three 
observations that the observer could not follow with his eye quickly enough secure tio 
accurate readings, but was the impression that each these cases corresponded 
much lb. per sq. in., or, after correction for index error, Ib. per sq. 
ft. was the impression that the movement the index hand these cases was 
rapid that probably passed beyond its true position. For these reasons, and until the 
further experiments can made determine this point, has been considered best not 
include them the preceding table. pl: 
The formula commonly used for the theoretical 
force water against plate which set the current and 
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which denotes the pressure, pounds; 


the weight cubic foot water, pounds; 

the acceleration due gravity, feet per second 
the velocity the current, feet per second; and 
area the plate, square feet. 


equals the velocity the wave and the velocity the particles 
water their orbits, and has determined constant from the 

While the writer agrees that the velocity the wave should 
used and that the velocity may increased also thinks that 
the velocity may much greater than v”, and that the static 
pressure should considered, therefore prefers use only the 
velocity the wave and have varying suit 
the conditions. 

Tables and are here given, and effort will made 

from Table XXII, Sections II, Captain Gaillard’s paper. 
the average Column 1.31, for the value Columns and 
were the writer, and substituting Table the mean 
value 2.32, the 7th column for the coefficient the 10th 
column. Table the coefficient for use the 10th column was 
determined using the mean 2.00, found the 7th 
column this table and Table 

Table from Captain Gaillard’s Table XIX. 
tions Table were taken the beach, and the dynamometers 
were placed position that the wave had broken before reaching 
them. The observations Tables and were taken from the same 
place, the outer end the south pier, Duluth Canal, the water 
being about ft. deep front the pier. 

study these tables will show that when the waves break 
the beach, the water being contracted into lesser depth, the coefficient 
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2.32. the outer end the south pier, with ft. water, 
probable that the wave does not have chance break with much 
comparison its size when the beach, because the 
depth and the distribution the moving water down the bottom. 
The average coefficient this case 2.00. Substituting 
for these two cases gives for the coefficients values 1.32 and 
1.21, respectively, which shows there must difference the 
conditions. 

both these cases the wave was not completely stopped, but 
flowed around the dynamometer and kept its way. When wave 
strikes wall, its progress stopped, and there will force against 


the wall caused both the stopping and turning upward the 
moving water. 


DyNAMOMETERS. 


North Beach Street, St. Augustine, Fla., 1890-91. 


MAXIMUM DYNAMOMETER 

READINGS. PRESSURE, 

POUNDS PER SQUARE FOOT. 

(1) (3) (4) (5) (6) (7) (8) (9) (10) 
2.0 8.4 2.9 127.7 1.16 2.08 148 168 160 
2.5 60 9.4 8.2 158.8 1.45 2.61 230 209 191 12 
2.75 10.3 8.5 190.4 1.41 2.51 269 249 240 

11.7 8.7 237.2 1.36 2.35 310 
12.0 4.0 1.22 2.17 313 335 
4.0 82 12.2 4.1 265.7 1.53 2.55 406 348 359 20 
4.5 90 14.0 4.9 857. 1.27 2.31 452 469 443 15 
5.0 120 15.2 5.3 420.2 1.11 2.02 467 550 522 16 
5.5 130 16.7 5.7 501.8 1.10 1.97 550 657 
6.0 150 18.2 6.2 595.4 1.12 2.01 667 780 


12. 
Tot 
low 
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TABLE 8.—Comparison OBSERVED AND 


Duluth Canal and Superior Entry, Lake Superior, 1901-02. 


MAXIMUM DYNAMOMETER 
READINGS. PRESSURE, 
POUNDS PER SQUARE FOOT. 
| 
> > 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (11) 
12.0 24.2 7.3 992.2 1.20 2.02 150 259 188 
12.0 180 24.2 7.9 030.4 1.20 2.09 190 307 
16.0 250 10.6 918.4 1.22 2.11 255 432 138 
10.0 150 28.7 6.0 882.1 1.41 2.22 210 118 090 
13.0 150 29.6 9.8 1 552. 1.07 1.90 1 615 1 968 1 700 1 
14.0 150 27.2 9.6 354.2 1.28 2.24 605 718 434 
16.0 200 30.0 10.3 624.1 1.12 2.01 755 059 746 
18.0 250 82.0 11.5 892.2 1.29 2.39 370 400 986 
16.0 210 31.0 10.4 714.0 1.02 700 174 862 


lowed his Table XIX: 


“Tt will noticed that dynamometer measuring the vertical 
force, gave reading for every storm, while gave reading what- 


ever for out storms. 


cases. 


The largest single reading was due 
vertical force, which was excess the horizontal out 


“Tt regretted that was not practicable set the pressure 
plate dynamometer flush with the face the sea wall. this 
could have been done the results might have been different, for 
several occasions masses water were seen projected rapidly upward 
along the face the sea wall, the layer water apparently being 
not more than foot thickness measured perpendicularly 
the wall. This mass water would impinge upon the pressure plate 
dynamometer squarely and with considerable force, but would 
apparently produce effect dynamometer quite possible 
that the effect the vertical wall, only foot rear the pressure 


Page 159. 
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plate dynamometer might have been cause counter pressure 
the rear this plate soon after wave impact against the front, 
that during some storms compression could take place. For this 
reason the types spring dynamometers heretofore used 
appear well adapted for use against area large extent, and 
form which tends prevent water rear the pressure plate from 
moving freely away. 

“It would seem from what has been stated, that they may, 
result counter pressure, give readings too small, but cannot give 
readings too large. 

“The effect this sea wall was produce concentrated wave 
energy times, and this could plainly seen the case the 
upward vertical force. 

“It further shown the fact that although the water just 
front the wall was never deeper than 5.2 feet, yet three dynamometer 
readings were obtained which were greater than the maximum reading 
either the south pier the Duluth Canal Superior Entry, 
and are average about four times greater than the maximum 


dynamometer reading for breaking waves equal size North Beach, 
Florida.” 


1902. 


MAXIMUM WAVE 


READINGS. 
PRESSURE PER SQUARE FOOT. 
~ => 2 + > 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 
} } 
4.8 16.0 4.7 0.99 1.65 410 496 
5.0 50 16.0 4.9 436.8 1.26 2.14 5381 553 496 
5.0 vi 19.0 4.2 538.2 1 30 1.93 77 | 681 700 
6.0 90 21.3 4.6 670.8 1.33 1.96 864 850 880 
10.0 150 25.0 6.3 979.7 1.28 2.00 1 210 | 1 241 1 204 
13.0 200 80.0 8.5 |1 482.2 1.14 1.86 1 642 | 1 877 1 743 


Columns and were taken from the Table XXIII Captain Gaillard’s 
paper. Column was computed the same manner Column the two previous 
tables. Columns and were calculated the writer, the last being found was 
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From these tables and the remarks can seen that the value 
the coefficient, will vary according the conditions under which the 
wave stopped. 


(Dynamometer face Dynamometer 


face horizontal.) 


MAXIMUM DYNAMOMETER READ- 
INGS. PRESSURE, 
PER SQUARE 


nding 
ft. lake- 


feet. 
eters date given, 
feet 
200 
ward, feet, 


M” 


Elevation Elevation 


tage lake above 
Corre 
pth 


low-water datum, 


Depth dynamom- 


~ 


(5) 


1902. 

August 

September 
20. 


October 


1.6 
1.3 
1.2 
1.0 
1.2 


November 
20. 


3d. Force Due the Receding the Fig. was 
shown that the same volume water carried forward with the wave 
and also backward the trough. 

pile placed itself water will subject pressure from the 
forward movement the wave and also the backward movement the 
trough. These pressures will nearly the same, except that one will 
applied lower than the other. 

pipe, ft. high and having area sq. ft., were closed 
the lower end and filled with water, the pressure the bottom would 
about 625 lb. Then the upper end were closed and the lower 
end released that the water would held the top end, the 
water would exerting pull downward about 625 there 
was supply water, that there would always head 
ft. the lower end when both ends were open, and the lower 
end were closed with plug having area sq. ft., would 
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probably take much greater pressure than 625 lb. stop the flow. 
These conditions are similar those sea wall which exposed 
wave action. 

When the wave its forward motion strikes the wall, there will 
sufficient height produce the velocity the wave. 

When the wave receding, there horizontal motion next 
the wall; but, the wall were not there, the water would move with 
velocity suitable the conditions, and thus the wall holds the water 
from moving like the closed upper end the pipe. 

This suction pull the wall would nearly equal the weight 
column water height sufficient produce the velocity 
the moving water. This pull would not equal the theoretical 
amount because, the water cannot move directly from the wall, the 
general level the water lowered make the deficiency. 

From Fig. can seen that the water descending from 
there will not any pull the wall account being 
higher than the adjacent water. the water drops below begins 
pull the wall and probably reaches the maximum about half way 
from and then the pull decreases until the water reaches the 
lowest point, when begins rise again. 

The best conditions when the wall tight, that water 
can pass through; but the wall porous, rock-filled crib would 
be, then, addition the already described, there would 
forces caused the pressure water the inside and the friction 
the water moving through the crib. 

there slope rip-rap front the wall, Fig. 11, 
then the receding water, being contracted into much smaller space, 
will flow with much greater velocity, and likely take some 
the rip-rap along with it. 
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THE FAILURE THE YUBA RIVER DEBRIS 
BARRIER, AND THE EFFORTS MADE 
FOR ITS MAINTENANCE. 
Discussion.* 


was one series extensive works adopted the Yuba River for 
the purpose holding back the débris which had been dislodged 
hydraulic mining and was later filling the channels the navigable 
streams during each flood. The original design for this control was 
prepared the California Débris Commission before the writer’s 
connection with it, and has been described 

After number unsuccessful attempts dam construction 
this locality, the writer was called design barrier that would 
hold débris. There were several unusual conditions: First, the dis- 
charge the river variable, ordinarily extending from 600 
700 and reaching 60000 70000 sec-ft., these higher stages 
lasting but few days time. Second, the foundations were gravel 
and fine sand, intermixed with boulders, extending great depths, 
which any permanent structure would built risk. 
Third, only small portion the total height could built any 
one season, portion when completed was necessarily subject 
floods during the winter following, making the work necessity one 


This discussion (of the paper Wadsworth, Am. Soc. E., published 
Proceedings for September, 1910. and presented the meeting November 16th, 1910), 
Proceedings order that the views expressed may brought before all members 

further discussion. 
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single working season. Fourth, the cost could not high, the total 
amount available for the entire system was limited. 

the writer that the best solution would divert 
the river, during ordinary flow and moderate floods, through 
spillway which could cut the rock bank the south side the 
river, and construct connection with rock-filled dam, held 
place piles and covered with layer concrete, that the peak 
the floods, usually few days’ duration only, could passed 


over the dam without more than slight injury, easily repaired each 


season. seemed that some such way only could permanent dam 


constructed moderate cost the site where required. such 
dam could constructed strong enough the first few steps that 
the spillway need not built until the structure had reached con- 
siderable height, much spillway excavation the rock could saved. 
The plan adopted involved raising the dam height about ft., 
three steps, the river flow carried through the rock spillway, 
which was large enough accommodate 000 sec-ft., all water 
above this quantity passing over the crest the dam. was ascer- 
tained from the records that, with spillway capacity, the dam 
would used but few days each season, the high-water wave being 
short duration. order reduce the cost construction, was 
determined not commence the spillway until two steps had been 
finished. The first step withstood successfully the high-water stages 
several seasons, and the second step had likewise passed through 
two flood periods without particular injury. was expected during 
construction that the usual floods would encountered each winter, 
and the information the river stages was relied indicate 
their magnitude and duration. Although the construction was attended 
with some risk, was not unreasonable one. appears 
beyond question that, but for the unprecedented flood occurring after 
the cessation the ordinary high-water stages and after work for the 
next season had begun, the plan would have been satisfactory. This 
unprecedented flood, has been stated the author, set new record 
for high water the Sacramento and Feather Rivers, and created 
great destruction elsewhere that vicinity. This flood has been very fully 
The author’s description the method failure appears 
have been analyzed correctly, but impossible more than 
surmise which method failure was the predominant one. 

Owing the shortage funds and the necessity for completing 
other portions the débris system first, was decided not restore 
this work until the more important features lower the river had 
been completed. 

sometimes occurs connection with structures this kind, there 
arose some those unprecedented and unforeseeable conditions which 
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derange and times upset the most carefully laid plans. 
Although reasonable risks can never entirely avoided the hydraulic 
engineer, the measure how far may trust known local conditions 
building unusual structures one that can only regulated 
personal judgment and experience. 


paper the writer was particularly impressed with the the 
attempts protect the toe the barrier against scour, due the 
double cause erosion from the overpour the water and the flatten- 
ing the slope the stretch below the barrier the removal 
débris from the bed. believed that this might have been prevented 


method which the writer has applied with good results 
structures various classes. 


Fie. 

1897 the writer had protect the footing masonry 
bridge abutment erected without piling gravelly bed point 
where sharp bend the river made especially subject scour. 
placed concrete apron, ft. wide and ft. deep, front the 
whole exposed face the abutment, the upper surface being level 


Operating Running 
Board 


with the river bed. apron was entirely detached from the founda- 
tion the abutment, and was free settle there was any scour, 
shown Fig. will readily seen, the apron will settle and 
stop the scour before can reach the bridge abutment. 
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This was effective that the writer has subsequently used the same 
principle many times. has found very useful for weir dams 
torrential streams, notably one Los Bafios Creek, Mercer County, 
California. this case, however, the apron was constructed sec- 
tions, slabs, ft. wide, ft. long (in the direction the dam), 
and in. thick, shown Fig. These slabs were entirely free 


move independently each other, order take care scour 
small sections. 


believed that apron the same general nature would have 
given ample protection the Yuba River débris barrier and prevented 
its final failure. erosion took place the river bed below the 
barrier, the apron would drop gradually the position shown the 
dotted lines Fig. After had reached inclination which 
rendered inadvisable allow sink farther, new protective 
apron could have been constructed the lower level, which, turn, 
would have taken the slope the scour continued, thus forming 
continuous rip-rap front the structure. 


Vol. 
ret 
i] 
din 
mo 
cle 
the 
re 
q 
q 
pi 


Vol. XXXVI. DECEMBER, 1910. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


HYDROGRAPHY AID THE SUCCESSFUL 
OPERATION IRRIGATION SYSTEM. 


Discussion.* 


AND 


paper shows that systematic changes rating tables may caused 
the growth vegetation canals during the “growing season.” 
The frictional coefficient being thereby increased, the velocity 
diminishes somewhat, the gauge height may increase from month 
month. the opening the next season, after the channel has been 
cleaned the winter frosts, artificially, the flow again more rapid 
lower gauge height. 

northern regions, many natural streams slight fall, where 
the spring run ice carries away the vegetation, the same thing 
occurs. very striking illustration this has been taken from the 
records gauging station maintained for time the 
Geological Survey the James River, LaMoure, Dak. This river 
has fall much less than ft. per mile, and, through large part 
the year, the discharge small hardly entitle the 
name “creek,” although its early spring flow sometimes about 
1000 The weeds growing the channel are locked ice ft. 
thick during the winter, and are torn loose when the ice rises the 
spring, that the stream begins the season with comparatively 
clear channel. 


*This discussion (of the paper Stevens, Assoc. Am. Soc. E., published 
Proceedings for November, 1910, and presented the meeting December 7th, 1910), 
printed Proceedings order that the views expressed may brought before all 
members for further discussion. 
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placing the gauge zero near the bottom the channel, the 
following discharge measurements were obtained: 


May 8th, 1903, gauge height, 4.0 ft.; discharge, 127 sec-ft. 
July 29th, 1903, gauge height, 5.2 ft.; discharge, about sec-ft. 

such station, although abrupt change gauge height 
would indicate change discharge, the gradual change throughout the 
season merely indication the luxuriance the growth 
vegetation. frequent discharge measurements, there could have 
been determined, short intervals, the values systematic correction 
applied the gauge heights, done Mr. Stevens, but this 
would have added the expense maintaining the station amount 
disproportionate the value the record that point; hence, 
needless explain that the station was discontinued July 30th. 

river record work, usually unnecessary and inadvisable 
locate permanent open-season gauging stations where such causes 
operate; hence corrections this class have not been studied 
thoroughly their importance warrants, for canal work this effect 
often noticeable. 

may remarked that this same method applying systematic 
corrections the gauge height, deduced from frequent discharge 
measurements, convenient means often used for applying rating 
tables gauge-height records during the winter, Dakota, where the 
velocities are slow, and the ice therefore usually fairly smooth 
the lower surface, giving fairly constant frictional resistance during 
the winter; but, where the ice becomes thick, its thickness and also 
the frictional resistance caused are very important factors 
considered summarizing the flow. 


mentions matter which exceedingly important, when points out, 
“human problem,” the most irrigators take all the 
water they can get, even though their crops not need and their 
lands may ruined thereby. The results such tendency are very 
well illustrated the Yellowstone Valley near Billings, Mont. Some 
sections this valley have been irrigated for years more. The 
principal crops are alfalfa, oats, and sugar beets. The Yellowstone 
River carries abundant supply water, the canals are ample 
size, and except when, during the latter part 1910, the river 
falls below the head-gates, there never any scarcity water. The 
ranchers, therefore, have used, attempted use, twice three times 
much water their crops required, and result, hundreds 
acres which formerly produced two three crops alfalfa, now pro- 
duce nothing but cattails and mosquitos, and are practically worthless. 

Some attempt has been made remedy these conditions the 
construction drains, under the provisions State Drain Law. 
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These are usually box-drains, placed far enough below the surface 
tap the gravel which underlies the valley and carries large quantity 
water; they are generally from ft. deep. These drains have 
been very successful, but their cost enormous, some cases equal 
exceeding the cost per acre the irrigation system. The writer 
believes that attempt had been made ascertain some manner 
the quantity water actually delivered each irrigator, much the 
trouble would have been eliminated; and the opinion that 
much the value such data the author has collected concerning 
the Sunnyside Canal, the opportunity afforded for detecting waste- 
ful and excessive use water. 

Undoubtedly irrigation canal should “metered,” and the water 
sold much per acre-foot. too many cases, the method 
measurement has been the “eye” the ditch rider, assisted 
“Konnewock” some description, and while may have been able 
divide the entire quantity water flowing the canal among the 
water users proportion their respective shares, has not been 
shown that did not give each user 100% more than his shares 
for and his crops required. 

The average land-owner would probably say that such methods 
the author describes are too expensive, and that one but the Govern- 
ment can afford adopt them, but according the cost data given 
the paper, the cost for 1909 amounted about cents per acre, 
certainly very reasonable figure. 

The writer notes that Table the losses from the main canal 
from seepage, are given 16.9%, which would indicate that 
the usual allowance (4% per mile) excessive. The total loss 
main canal and laterals combined, 32%, almost exactly per 
mile main canal. 

The writer believes that the irrigation systems constructed and 
operated the United States Reclamation Service more intelligent 
effort has been made determine the actual quantity water used 
than has been customary private projects, and that these private 
projects will find necessary very distant date adopt more 
accurate methods than they have used heretofore. 


take for his text this sentence from Mr. Stevens’ admirable paper: 


“The time not far off when the water used these large systems 
will distributed carefully under the metered systems large 
cities, where patrons pay only for the water they use.” 


Instead the tenth word this sentence being “used,” however, 
should “consumed,” which the accepted term for use, plus waste. 

one the oldest forms the use water Man, 
dating back thousands years. Copies, engraved stone, the 
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rules established Roman times for dividing irrigation water among 
the owners certain lands, have been dug up, and show that the 
division was designated hours’ run, certain watercourses. With 
this method, there were crude devices for halving, otherwise roughly 
dividing streams water. 

the 16th century, Italy, the first attempts were made allow 
only fixed quantity water flow certain piece land, whether 
not the level the water the main branch ditch varied 
materially. This was done with the so-called modules; and now 
length are the brink alloting, measure, the water consumed 
the premises the land-owner farmer; without which, will 
presently appear, there can proper and economical use the 
water applied the land. 

This results from certain attributes human nature, unchange- 
able through the centuries past and come. man will work 
industriously attain maximum result from the application the 
land minimum water, unless pays for such use according 
the quantity consumed. 

Again: man will take pains even shut off the flow his 
irrigation ditch when not using it, costs him more let 
run. More than this: will enjoy letting run waste through 
his land, long has the right thus let run. 

From studies made the writer, the basis experiments 
the arid lands the United States, has become convinced that 
greater crops per acre could raised this country, only half 
much water per acre were used irrigation. 

The full meaning this result irrigation experiments the 
United States not once apparent. 500 cu. ft. per sec. 
devoted irrigation, and the water sold let has been done 
hitherto, they will irrigate, let say, 2000 40-acre farms; but, 
order get the maximum crops per acre, they should made 
irrigate 4000 40-acre farms. 

Assume the cost the “system,” water-rights, dam, main ditch, 
main branches, 400 000, then shall get poor mediocre 
crops acres, which $30 per acre has paid the price 
for water, instead getting maximum crops per acre 160000 
acres, the same total cost for water-rights, dam, main ditch, 
and with tax only $15 per acre. one case the 40-acre farmer 
has paid for water, and raises poor crops; while, the other 
the 40-acre farmer pays only $600 for water, and raises the maxi- 
mum yield per acre which the land and crop raised are capable. 

will seen that the importance all this the State and 
the Nation can hardly overestimated, especially when con- 
sidered that while there plenty arid land, there will always 
limited supply water irrigate it. 
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Now, human nature, selfishness, unchangeable, far Mr. 

observations have gone, there only one way produce this 
and widely beneficial improvement irrigation farming. Each farmer 
must pay for water according the quantity used and wasted his 
premises; with limitation the maximum quantity which may 
draw any time, that the ditches will not overburdened too 
many parties making overdraft the same time. charge ten 
times the sum for overdraft which, otherwise, would have become due 

account lawful draft, has proved be, water-power adminis- 
tration, sufficient deterrent keep parties within their lawful 
quantities. 

Passing practical matters: system watchmen, ditch 
riders, hydraulic engineers armed with the clumsy implements 
their profession, such current meters, Pitot tubes, 
weirs, and the like, will able enforce obedience local laws, such 
have been described. All these work too slowly, and carry out the 
allotted task this way would cost absurd and impracticable sums. 
The only practical way apply every 40-acre farm recording 
meter, which then becomes both meter and day and night watchman 
for each farm. 

Such meters have been use measure other water, these 
years more, and need not now invented, but they must not 
expected answer the mistakenly conservative saying: “When 
can get meters for $10 $15 apiece, will meter irrigation water.” 

the first place, mere meter will ever accomplish the desired 
end. must recording meter, having watchmanlike qualities, 
which are fully valuable the considered position its meter 
-work. 

the second place, why should the combined watchman and 
metering service expected for any such sum $10 $15? 
palpably worth twentyfold fortyfold these sums, The number 
acres irrigated would 160000, instead 80000; the cost for 
water would $15 per acre, instead $30; maximum crops 
would mediocre crop; and the water would 
used the land, instead being partly used, and partly wasted, and 
drowning out other lands seepage. 

Such results should not expected for $10 $15 per 40-acre 
farm; they cheap $200 $400, still more, per 40-acre 
farm. 


Assoo. Am. Soc. (by letter).—The 
writer wishes emphasize the idea brought out Mr. Stevens, that, 
unless more refined methods are used, the work measuring the flow 
irrigation canals will give much less accurate results than measure- 
ments rivers. 
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1906 and 1907 the writer was charge the water resources 
investigations the Geological Survey Montana. There 
about seventy-five gauging stations the district, including those 
dozen irrigation ditches. Almost without exception, these latter 
stations were subject such changing conditions flow, due the 
silting the channel, use check-gates, sudden changes flow 
due operation head-gates, that was not possible utilize 
the ordinary methods for river stations. was necessary have 
measurements made intervals ranging from weeks during the 
operating season. most the canals the staff gauge was read 
least once day, and oftener when the head-gates were changed. 
Wherever possible, the head-gate tender read the gauge, and thus knew 
when the gates were changed. The daily discharge was computed from 
series rating curves, each applicable for short time only. 

Not only more difficult secure accurate records flow 
irrigating canals, but the need for more accurate records greater 
than the case rivers. the latter, the object.of the records 
forecast the future flow, and this has wide yearly variation, high 
degree accuracy would not enable the forecast made any more 
correctly. Thus, pointed out Mr. Stevens, river records answer 
the chief purpose for which they are intended, they are within 
per cent. 

The chief use canal records, however, show the quantity 
water available for the different users, and, connection with waste 
measurements, show the actual quantity used irrigating given 
crop. water one the most valuable the natural resources 
the arid and semi-arid sections, essential that the information for 
irrigation canals more exact than that for rivers. 
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Discussion.* 


REINFORCED 


paper does not give conclusions for practical designing, 
could made basis for such conclusions. the writer interested 

reform reinforced concrete construction, would like call 
attention the fact that some the author’s conclusions, drawn 
from study tests, agree exactly with his own, which are 
based rational analysis common practice, set forth his 
paper, “Some Mooted Questions Reinforced Concrete 

the writer also interested rational, that is, common-sense, 
analysis and correct logic, would like call attention some 
errors, both original and borrowed, Mr. Scott’s paper. 

regard the spacing rods bars, Mr. Scott quotes 
length from Maurer and and apparently with approval. 
surprising that has not kept closer touch with the 
literature this subject. refers later the writer’s paper 
which the large error this very quotation was expressly referred to, 
well the participation the same three other well-known 
authorities. The threefold error this quotation has been pointed 
out the simply this: shear and bond stress are 
equal, the width beam must equal the sum the perimeters 


This discussion (of the paper William Fry Scott, Assoc. Am. Soc. E., printed 
Proceedings for October, 1910, the meeting December 7th, 1910), 
printed Proceedings order that the views expressed may brought before all mem- 
bers for further discussion. 

Transactions, Am. Soc. E., Vol. LXX, 
Principles Reinforced Concrete Construction.” 
Engineering News, Nov. 11th, 1909. 
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all horizontal reinforcing rods; for the width the beam 
which measures the area horizontal shear, and the sum the 
perimeters the rods which measures the area bond stress. 
error state that the clear space between rods equal that 
portion their perimeters below plane through their centers, shear 
and bond stress will equal. This neglects the fact that the portion 
the perimeter above the center rod not equal the diameter. 
This the first error. also error say that the portion 
the perimeter square rod with its sides vertical below plane 
through the center, equal one and one-half diameters; should 
two diameters. This the second error. Neither the perimeter 
below the center square rod set diagonally one diameter; should 
two diameters. This the third error. 

The writer believes justified going thus minutely into this 
matter, because astounding fact that this and other errors, 
some which has already called attention, work their way through 
the literature the subject like “leaven that tends leaven the 
whole lump.” Writers should try correct these invidious errors, 
rather than perpetuate them approving references them. 

One important point made Mr. Scott his emphasis the 
vital necessity considering the relation the width beam 
the sum the perimeters the horizontal reinforcing rods. 

refers the rule the Special Committeee Concrete and 
Concrete for spacing rods, being conformity with the 
theory heretofore referred to, which quotes such length. 
fails point out that this Committee, the same paragraph its 
report, allows clear spacing between two layers bars not less 
than in. This completely any semblance “conformity 
with this theory.” Mr. Scott missed opportunity characterize 
monstrous, truly is, this authorized method designing beams 
crowding steel without limit into the bottom beam, when 
found that his study tests proved conclusively the need large 
preponderance concrete over steel and wide spacing rods. 

large beam recently illustrated engineering periodical, 
there are shown five 1-in. round rods, five rods, and five 1}-in. 
rods. The beam in. wide. The perimeters these rods sum 
more than three times the width the beam. None the rods 
anchored, except with hook. 

Mr. Scott says: 

“Hooks the ends rods produce any increase the 
strength the reinforcement. They even tend cause failure 
sooner than when they are omitted.” 

also says, “the most important point guard against sharp 
bends the rods.” The writer has long held these facts the 
utmost importance. emphasized them his paper, before referred 
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to, and holds them his book,* elementary but neglected 
principles correct design. His conclusion based largely rational 
and common-sense analysis. not, one the critics his 
paper intimated, the least concerned being “placed right,” but 
deeply concerned seeing that the Engineering Profession placed 
right this and other vital matters design. would like, there- 
fore, add emphasis and endorsement what Mr. Scott has said 
these points. 

The author’s conclusions regarding stirrups appear about 
follows: (1) They are not much use except help out narrow 
beam; and (2) beam with some rods bent up, they are rather 
hindrance than help. These conclusions bear the same direction 
those the writer, but they favor the stirrups unduly, because the 
conclusions are based largely stirrups means taking shear 
against alone, rather than against some rational means 
shear reinforcement; and this explained the almost total absence 
published tests beams rationally reinforced for shear, that is, 
curved-up rods anchored over the supports. 

Mr. Scott deduces some his theories, the internal stresses 
beam and their effect the steel and concrete, from totally 
erroneous premise. gives number diagrams showing the 
actual and the apparent elongation the steel reinforced con- 
beam. The so-called actual elongation reality that 
lated from the loading the beam, and some the complex theories 
beams, which, strangely enough, assume plane section after deflec- 
tion, which Mr. Scott denies. The apparent elongation which the 
actual stretch the the rod, measured extenso- 
meters, Mr. Scott finds much less under small loads and much 
greater under large loads than the “actual elongation.” 

This supposed difference stretch the rod and the surrounding 
concrete explained theory which would appear make the 
material resembling gelatine its properties. diffi- 
understand how the concrete could possibly stretch less than 
the steel, for the envelope concrete which gives the stress, 
and, consequently, the stretch, the steel. The concrete beam 
loaded and deflected, and the steel relieves the concrete part its 
tension. also hard see how material like concrete could, 
any event, stand the distortion incident such differential stretch 
its surface and the surface the steel, which may but 
inch beneath the surface the concrete. 

course, there will difference stretch when the steel 
begins slip, but the calculated stretch the steel, estimated from its 
stress and based the complex 
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formulas common use, value quite incompetent determine 
the point where the bond broken. 

Mr. Scott’s formulas for finding the stress the steel reinforcement 
not take into account the tension the concrete. course, 
working formula for reinforced concrete beams must omit the assist- 
ance rendered the tension the concrete, but this does not annihi- 
late that tension, and this potent argument against the validity 
formulas which use such fine-grained theory and cast out vitally 
important considerations. theory which finds the tension plain 
concrete member would have stand (either beam, 
arch), and then provides steel take this tension, advocated 
the writer, all that the case demands for practical designing. 

Theories for the minute investigation the internal working 
beam would have include every factor, and the tensile strength 
the concrete beam very large factor the strength whole 
beam, though apt rendered nil single crack. 

Neglect the aid which the tensile strength the concrete sup- 
plies resisting transverse strains full explanation the differ- 
ence, which some cases amounts several hundred per cent., that 
Mr. Scott would find between the apparent elongation and the so-called 
actual (really calculated) elongation. 

From his study Mr. Scott further concludes that the gripping power 
the concrete increases the distance the load from the support 
decreases. This, too, completely accounted for the method 
finding stress the steel which used. Johnson, Am. 
E., has described some tests,* and has given his conclusions there- 
from. The loads were placed very near the supports, and the apparent 
gripping power the concrete was very high. The afterward 
pointed out that Professor Johnson’s conclusions were wrong and mis- 
leading, because what calculated the high gripping power the 
conerete could fully explained calculating the beam plain 
concrete. the basis Professor Johnson’s reasoning, that is, 
neglecting the tension the concrete, the thinnest kind wire could 
have been used, and apparent grip any desired amount could 
seemingly found. 

Suppose the ultimate resistance bending, plain concrete 
beam, were just equal the bending moment that causes slip the 
steel the same beam reinforced, when the load the center 
the span. the point where the concrete fails tension the steel 
must take all the tensile stress. not clear, then, that the 
steel take all the tension, its apparent bond strength 
reality measured the transverse strength the plain concrete 
beam? this latter constant the apparent bond strength 

Journal, Eng. Societies, June, 1907. 
Engineering News, August 29th, 1907. 


Papers. 


exactly 
loading 
central 
placed 
the 
before 
wonde1 
which 
Exploi 
claim 
shows 


has 
where 
prope 
neces: 
there 
essen 
such 
and 
wate 
tests 
need 
tion 
grou 
base 


part 
bon 


Mr. 
Godfrey. 
when 
after 
the 
even 
& 


exactly the inverse ratio the distance from the support the 
loading point. Thus, the steel rod slips when certain 
central the beam, will course slip when twice that load 
placed two portions quarter points, because the bending moment 
the concrete beam just the same. This could anticipated 
before tests are made. not the least surprising. 

just such errors this, attributing the steel reinforcement 
wonderful properties which, fact, are contained the concrete, 
which tend place reinforced concrete engineering low level. 
Exploiters patented systems, such slab and beam reinforcement. 
claim properties which are contained the concrete itself. 

Mr. Scott finds that the tensile strength the reinforcing steel 
shows better when the load near the middle the span than 
when near the end. This follows from the same reasoning, for 
after the concrete once cracked and the tension all the steel, 
the holding power will naturally greater for the greater embedment, 
even though initial slip has taken place. 

The author’s conclusion the small, uncertain, and only occa- 
sional benefit derived from deformed bars agrees with what the writer 
has pointed out his book concrete. There scarcely occasion 
where deformed bars are any real advantage. the concrete 
properly made and hardened, will grip the steel with all the force 
necessary, assuming that the rods are not too large section and that 
there sufficient concrete surrounding the steel. These features are 
essential any design. 

The advantage apparent test beams which set under water and 
which have deformed bar reinforcement, explained the fact that 
such will not shrink and grip the steel. course, shoulders 
and deformities rods will take some hold, but dependence these, 
without grip, precarious. Reinforced work which under 
water should have the reinforcement riveted, should have other 
end connections, entirely independent grip. 

The writer agrees with Mr. Scott the misleading character 
tests finished structures. also believes that there large 
amount work yet done. This work, however, which sadly 
needed, not much the making tests, the correct interpreta- 
tion tests already made, and the breaking down persistent and 
groundless errors the way false interpretations, false logic, and 
baseless deductions. 


part this paper, dealing with the slipping rods, yield point 
bond, and differences between “actual” and “apparent” elongations, 
acknowledged fact, that “actual” elongation cannot possibly 
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unless the tension value the concrete definitely known, 
and even then the relative distribution load between the concrete and 
steel would make difficult problem solve. For this reason 
would seem that the charts illustrated Figs. and not show 
the actual existing differences between the two elongations; conse- 
sequently, their intersections would not give the true point yield 
bond. attention whatever seems have been given any tension 
value the concrete. The analysis tests for the purpose proving 
that the bond capacity beams varies with the variations cot. 
seems the writer fallacious, for the same reason, namely, that 
attention has been paid the tension value the concrete. 

Take, for instance, the results Beams Nos. and the 
Talbot series 1905. calculation the former beam shows that 
developed bond strength lb. per sq. in. The actual failure 
the beam was tension the steel, therefore safe assume 
that its actual bond capacity was excess lb. per sq. in. This 
beam was loaded the center, and cot. 8.4. 

Beam No. loaded the one-third points, with cot. 5.6, 
failed the tension the steel, and developed bond strength 
103 lb. per sq. in. This bond strength, course, was confined that 
portion the rod with varying bending moment, that is, from the 
point support the point application the load. If, instead 
assuming that the variation the position the load created varia- 
tion the capacity the bond strength, assumed that the vertical 
concrete plane immediately under the load has value tension, can 
demonstrated, quite readily, that, with assumed value lb. 
bond strength the rod, there approximately 100 tension the 
extreme fibers the concrete plane. the value concrete 
tension known considerably excess this, one can readily 
see why the beam did not fail diagonal tension, and why the apparent 
bond was high. course, had incipient cracks developed the 
concrete this plane tension, due the elongation the steel, thus 
destroying its tension value, this line reasoning would fallacious, 
but evidence has been adduced prove the presence these cracks 
the crucial points. 

Bond function the molecular construction the beam, and 
the writer fails see how modification extraneous conditions can 
possibly affect its capacity. The method analysis suggested above 
will explain satisfactorily every one the tests used basis for 
the creation the diagrams with varying cot. without admitting 
for moment that the variation the application the load varies 
the for bond. 

Take, for instance, Beam No. the Talbot series 1905: This 
beam was loaded the one-third points, and failed diagonal tension. 

has the same cot.as Beam No. yet developed only bond 
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93.4 lb. per sq. in., and failed diagonal tension, whereas Beam No. 
developed bond strength 103 lb., and then failed tension the 
steel. the basis the argument suggested the author, these 
bond values should have been nearly equal, and explanation 
offered for the discrepancy. the basis the analysis presented 
herewith, the reason for the failure this beam, with such low 
bond strength, was the incipient crack, just near 
the point loading, which destroyed the tension value the concrete. 
This seems much more logical explanation than that offered 
the diagrams. 

Beams Nos. 11, 16, 17, ete., grouped the original diagram, 
follow the same analysis that suggested for Beam No. 

Beams Nos. 14, 15, and failed diagonal tension, and gave 
tension, the outer face the concrete plane, about 280 
per sq. in., with assumed bond capacity per sq. in., which 
would for their failure diagonal tension. 

With respect the values bond-friction-resistance, with variable 
ratio summation perimeters rods breadth beam, the 
writer respectfully submits that such table capable being 
created, unless the tension values the concrete are known. 

the foregoing discussion where mention made tension 
the plane, and failure the beam due the same, near 
the point loading, this understood simply theoretical, the 
beams may have failed tension the concrete the left the 
point application the load. The point intended made 
simply this: When the increment bond which the rods fail com- 
pensate reaches point beyond the value the concrete tension, 
the beam fails. This point may anywhere the beam, and will 
determined the position the incipient cracks. 

The writer submits the following calculations beams Professor 
Talbot’s tests, showing bond, etc.: 

Beam No. 21, 1905.—Loaded center. Failed tension steel. 
Beam in. wide, in. deep steel, and with neutral axis 0.420 


from top beam. Span ft. in. Reinforcement, four 
rods. Center load 9500 Bending moment, neglecting weight 
beam, in-lb. Tension steel, due same, about 


51000 (approximate check Professor Talbot’s tests). Bond 
stress rod lb. (still neglecting weight beam), which checks 
Mr. This beam gave tension the steel, therefore safe 
say that the bond was something excess lb. per sq. in. 
Cot. 8.4. 

Beam No. 20, 1905.—Failed diagonal tension. Same dimensions, 
reinforcement, and span Beam No. 21. Loading one-third points, 
5000 each point. Bending moment (without weight beam) 
240000 Neutral axis, 0.445 from top; 8.52 in. Tension 
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steel 35900 which checks Professor Talbot, approximately. 
End bond, disregarding weight beam, 93.4 per sq. in. This 
value may may not high for the bond, depending whether 
not tension cracks had been developed the point rupture the 
beam the elongation the steel. Only knowledge everything 
that happened during the test could determine this. Cot. 5.6. 

Beam No. tension. Same dimensions. 
11000 one-third points. Neutral axis, 450 8.5 in. 
Moment (disregarding weight beam) 264000 Tension 
steel approximately 000 per sq. in. Bond 103 lb. per sq. in. 
over the one-third length rods from point support point 
loading. 

Now, assuming that the bond was good for per sq. in., there 
unbalanced bond 3921 This would give tension the 
outer fibers the plane the concrete (at the point where the bond 
changes from apparently 103 Ib. about 103 Ib. per sq. in., 
which away within safe limits, unless, stated for Beam No. 20, 
incipient cracks had developed this point, thus destroying the tension 
value the concrete plane. 

will noticed that Beams Nos. and were the same 
dimensions, with absolutely the same reinforcement, and yet, Beam 
No. 20, with applied load 10000 the one-third points, 
failed diagonal tension (bond failure, really), whereas Beam No. 
failed tension with applied load 11000 the one-third 
points. The bond one case was 93.5 the other was 103 
while the cot. remained constant. This can readily explained 
the method analysis presented herewith. 

Beams Nos. 11, 18, 16, 17, 19, 23, and are grouped with 
Beams Nos. and 20, Fig. and are similar. All failed tension; 
therefore they follow the general analysis indicated for Beam No. 

Beams Nos. and 50.—These are the same group, and were dis- 
similar only loads; they foliow the same 

Beam No. dimensions. Loaded center, with 
Failed tension the steel. Bending moment 252000 in-lb. 


(without weight beam). 8.566 in. Tension approximately 
Bond per sq. in. course, the real value was 
excess this, the beam failed tension the steel. 

Beam No. 14.—Load, 15000 points ft. apart. Bending 
moment 7500 202000 in-lb.; 7.99 in. Bond 
150 lb. per sq. in. Tension concrete, bond per 
sq. in., 282 the outer fiber. This beam failed diagonal 
tension, due, all likelihood, failure the tension plane referred 
the previous discussion. 

Beams Nos. and 18.—These gave results similar those Beam 
No. 14, though slightly higher. 
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paper, there feeling disappointment finding that based 
such fallacious reasoning. The main thesis the paper—the 
so-called new laws—has logical connection with the data the 
beam tests cited. The values given the elaborate diagram, Plate 
CLXIX,* and Fig. 18, are based the calculated bond stress 
developed number beam tests, but the author does not attempt 
show that the bond stress was the cause the failure, even that 
was connected with the failure, influenced the loads carried 
the beam. Naturally, for beams failing tension the reinforcing 
bars the middle portion the beam (as was the case with most 
the beams referred Fig. 4), the loads carried will greater 
the load points approach the ends the beam, and, therefore, the 
bond stress developed will greater, but the author does not present 
any evidence that the bars slipped that the condition the bond 
stress with reference yield point bond resistance affected any 
way the load carried the beam. Without such evidence the usual 
methods analysis would followed, and these indicate that the 
amount bond developed the beam tests cited have more 
relation the loads which the beam carried than does the percentage 
reinforcement bear the amount compression strength which 
may developed beam. the whole structure the argument 
based fallacy, the further deductions are also without founda- 
tion, such those the influence the angle, the diagrams, 
and the relation periphery bars width beam. 

Under the circumstances does not seem necessary discuss 
other parts the paper further than give examples the many 
faulty statements presented. The lines given “actual elongation” 
Figs. and are said have been “computed from the known value 
the modulus elasticity the steel and from the value the 
tension produced therein from the known forces acting 
the specimen,” but the elongation the steel itself was not 
measured, and there every reason believe that this elongation, 
least through the middle portion the beam, does not differ greatly 
from the actual elongation the concrete alongside it, and, there- 
fore, that the author’s line greatly error. The statement 
page 1246* (made without evidence support it), that the first 
phenomena noted were creeping the rods, misleading, and 
the assertions made page 1248* about the apparent slip being equal 
the actual elongation the rod, are absurd. Whatever relation 
there may between bond resistance and normal pressure, the fanciful 
conception normal component the bond stress given Fig. 
not borne out any tests which the writer has seen. The localized 
high elongations steel stresses well beyond the yield point have 
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bearing the distribution stresses beam, the yield 
point the steel, either the middle outside the load points where 
bond stress more highly developed. The greater bending moment 
developed with single concentrated load than with distributed loads 
not explained the author’s statements; easily explained 
other grounds. The author avoids giving the value the angle, 
which should taken for beam with uniform load, would 
also interesting know the author’s basis for the statement that 
the yield point for bond resistance three-eights the ultimate 
resistance regardless the condition the surface the bar. 

Any definite information throwing light the action rein- 
concrete should Many matters are but imperfectly 
known. The action the bond resistance between the steel and the 
concrete good subject for tests. The distance between bars and 
the thickness concrete around the bars necessary develop 
cient bond resistance under various conditions loading and 
bending bars, interesting topic for investigation and dis- 
cussion. Under some conditions there intimate relation between 
the method failure and the bond stresses, shearing stresses, and other 
stresses developed, and such the conditions are very complex. 
hoped that fuller information such matters will obtained 
time goes on. all the more unfortunate, then, that paper 
should presented having fallacies which invalidate the whole dis- 
cussion. Fortunately, these are patent that the careful reader should 
not misled. 

This paper was read the writer with special interest, inasmuch 
has been intending present paper this character, which 
would throw some light subject which seems much the 
dark, far has learned from experience and association with men 
designing work this class. 

reading the paper, the writer was impressed with the low values 
given, and first thought seemed that the bond-friction-resistance 
reinforced concrete beam not consistent with the other allied 
elements resistance. Under certain conditions and assumptions, 
this believed true. Recently had occasion design several 
reinforced slabs, which were supported the tops steel 
stringers city highway bridges. After some study and dis- 
cussion the subject bond stress, the writer adopted the formula: 

for the horizonal shear, from which the bond stress 


beam, was derived, and assumed per sq. in., maximum 
working value. 


Pape 


12-t 
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trol 
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Total vertical shear any section, 

Arm resisting couple for any beam, 

The specified maximum live load affecting the slab, was given 
12-ton road roller. The stringers were generally ft. from center 
center, which was governed the fact that was likely that future 
trolley tracks would required, and they were made sufficient 
strength for that work. 

order satisfy Formula the assumed allowable stress, 
was found necessary make the slabs considerably deeper and use 
more steel than the flexural stresses required. other words, the 
percentage steel depended bond-friction-resistance, and was 
increased 50% more than that required flexure. was 
possible make the two required areas practically the same, using 
smaller rods with closer spacing; but, the rods were placed the 
top and also the bottom the slab, the spacing was thought 
too close permit satisfactory tamping. 

The writer understands that the author gives average values along 
the length the bar. beam uniformly loaded, the bond-friction- 
resistance the bar the center, would equal the sum the 
perimeters multiplied one-half the length the bar, multiplied 
value taken from Fig. Formula the bond-friction-resistance 
depends the shear its function, bending increment, which 
parabola for uniformly distributed load, and hence the movement 
bond-friction-resistance increases accordingly toward the support. The 
author shows that the bond-friction-resistance increases approaches 
the support, and therefore direct relation the stress. The 
values given the paper being average values for the embedded length 
the rod, would seem that the actual values near the support were 
considerably greater than those given and are the values desired for 
computation when applying Formula 

The problem computing bond-friction-resistance seems 
analogous that rivet spacing plate girder. 

Comparing the results obtained using allowable values from 
Fig. multiplied the embedded length rod, multiplied the 
sum the perimeters, with the results obtained from Formula 
will show from 50% greater resistance favor the results 
from the values Fig. 13. This amounts increasing the assumed 
maximum allowable value per sq. in. The writer believes that 
the increment resistance the critical condition. lb. per 
sq. in. low value, what maximum allowable value? 

seems clear that incipient cracks are produced increments 
stress, and considering that the full strength the beam only 
partly realized, still its integrity appreciably impaired, when these 
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(which are likely admit moisture and cause corrosion) 
appear. 

The writer regrets that maximum allowable values, addition 
average values, were not obtained, order that the generally accepted 
Formula could directly answered, assigning safe values for 
bond-friction-resistance, where the shear maximum. 

continuous and simple beams the maximum shear the 
support. continuous beams the bending moment negative, and 
hence the bond-friction-resistance for tension along the continuity 
rods, and maximum the support. may seen that short 
spans, where the bond-friction-resistance the determining factor for 
steel percentage, the greatest amount steel will obtain over the 
support, and the maximum positive bond-friction-resistance the 
lower rods will just beyond point contraflexure toward the 
center the span, for beam over two more supports. 

The author states that hooks the ends the rods did not increase 
the bond-friction-resistance. seems clear that this might expected, 
since bond-friction-resistance measured increments. The ulti- 
mate strength beam, after the bond had failed, would probably 
hooks and other similar anchors, the action changing 
from beam action that arch. 

Considering that deformed bars did not show appreciable 
advantage over plain bars, the writer agrees with the author that they 
probably would with equal care tamping. may that the 
so-called “chemical action,” between concrete and the ordinary round 
rod the cause this anomaly and not yet fully understood. 

Fry Scort, Assoc. Am. Soc. E.—The author 
the paper will make more extended reply when the discussions 
are all in. This note may permitted accompany the publication 
the discussions this number Proceedings order avoid 
unfortunate that paper should presented having fallacies which 
invalidate the whole discussion.” chance his finality had 
printer’s mistake been made read “it fortunate that paper should 
presented having facts which invalidate the whole (previous) dis- 
cussion,” the author would have felt complimented. the opinion 
the author previous discussions this subject have been based vital 
misinterpretations actual test results, and Professor Talbot, saying 
that “the author does not present any evidence that the bars slipped” 
will eventually have admit that overlooked just such evidence 
the paper. Such evidence found Professor Talbot’s own report 
tests; such evidence demonstrated series tests made the 
author, and corroborated the experiments Dr. Preuss the 
Testing Materials Laboratory the Technical College Darmstadt, 
report received since this paper was prepared. 
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will reproduced the volumes Transactions, Any information 
which will the records here printed. correct any errors, should forwarded 
the Secretary prior the final publication. 


1910. 

Edwin Peleg Dawley, the son Peleg and Lucinda Dawley, 

the public schools Providence, and Brown Uni- 
versity, being member the Class 1874. began his profes- 
sional career the Engineering Department for Water and Sewer 
the City Providence, where served about years. 

1879 Mr. Dawley accepted the position Engineer and Super- 
intendent the Interstate Telephone Company, having charge the 
construction its line between Boston and Providence. 
His work and ability brought him contact with and claimed the 
attention the officials the New York, Providence, and Boston 
Railroad, who offered him position its Engineering Department. 
was appointed Assistant the Chief Engineer 1882, and subse- 
quently, the death the head the department, was 
office. 

his railroad experience Mr. Dawley showed marked engineering 
ability the solution the many problems involved the extensive 
improvements and developments which were undertaken the Rail- 
road Company during the next decade, notably the improvements 
the roadbed and the strengthening bridges for the constantly 
and heavier traffic, the abolition grade crossings, the 
four-tracking from Pawtucket Providence, and the passenger 
and freight terminal facilities Providence. 

1892 the New York, Providence and Boston Railroad passed 
into the control the New York, New Haven and Hartford Railroad 
Jompany, which company retained Mr. Dawley Division Engineer. 
1903 was made Assistant Chief Engineer, and 1905 Engineer 
Construction, with offices Boston and Providence. 

Perhaps the foremost Mr. Dawley’s engineering monuments was 
the design and construction about mile double-track 
and its approaches, through the East Side Hill, Providence, which 

direct connection all the railroad company’s electrified lines 
the east side Bay, with the existing terminal im- 
provements, and completed the last link the chain railroad termi- 
nal facilities Providence, which had been progress for nearly 
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twenty years. professional paper this subject, “The East Side 
Tunnel and Its Approaches, Providence, was presented him 
the Boston Society Civil Engineers the spring 1909. 

April 1909, after years active service, resigned his 
position with the railroad company, and opened office Consulting 
Providence, I., where, after brief illness, died 
October 1910. 

Although had not been long private practice, Mr. Dawley had 
been engaged several important pieces work. was Consult- 
ing Engineer for the Commission appointed the City Pawtucket, 
work out plan for eliminating the grade crossings Paw- 
tucket, plans for which had been completed, but not acted on, the 
time his death. 

had also designed and nearly finished storage reservoir dam 
Smithfield, for the Woonasquatucket Reservoir Company. 

Mr. Dawley was married three times: 1880 Mary Bliss. 
whom had two children; 1888 Florence French, 
whom had one child; and 1906, Mrs. Maud Freeman, who 
survives him, together with his two sons, Howard and Earl, and his 
daughter, Mrs. Lewis Ford. 

Mr. Dawley was man genial disposition, high ideals, unwaver- 
ing integrity, and exemplary character, who gave himself 
arduous professional duties with tireless energy and unflagging zeal. 

was member Harmony Lodge, and M., Calvary 
Knights Templar, and the Scottish Rite. 

Mr. Dawley was elected Member the American Society Civil 


Engineers April 1st, 1885. was also Member the Boston 
Society Civil Engineers. 


STILLMAN WILLIAMS ROBINSON, Am. Soe. 


1910. 

Stillman Williams Robinson was born farm near South 
Reading, Vt., March 6th, 1838. His early life was that country 
hoy, but had such love for mechanics that served four-year 
machinist. this way earned the money 
defray the expenses his early education and his preparation for 
college. 

1860 entered the University Michigan, making the journey 
from his home principally foot, and meeting his expenses work- 
ing machinist. 1863 was graduated from that university 
Civil Engineer, having supported himself, while college, 
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instrument-maker. was particularly skillful graduating ther- 
mometers, and this led his first invention, made while college, 
machine for graduating such instruments. 


After his graduation, Mr. Robinson entered the Government service 
Assistant Engineer the United States Lake Survey. remained 
this position until 1866, when was appointed Instructor Engi- 
neering the University Michigan. 1870 accepted the chair 
Mechanical Engineering and Physies the Industrial Uni- 
versity (now the University Illinois), where established the first 
Department Mechanical Engineering the United States. 1878 
became Dean the College Engineering. versatility 
illustrated the fact that, while was the college, designed and 
constructed the tower clock now furnishing time there. 

1878 was Ohio State University Professor 
and Mechanical Engineering, and this position until 1881, 
when the chair was divided and became Professor Mechanical 
Engineering. held this position until 1895, when resigned 
order devote his time his extensive professional interests. 
recognition his distinguished services scientific inventor, 
investigator and writer, the Ohio State University, 1896, conferred 
him the degree Doctor Science, and, 1899, elected him 
Emeritus Professor Mechanical Engineering. 

Professor Robinson possessed great originality and inventive genius, 
having secured about forty patents, many which were fundamental 
and great value. His inventions were the results study, based 
research and mathematical investigation, and were designs 
rather than accidental discoveries. was also the author books 
and papers, and these are marked originality and thorough 
1892, paper entitled “Red Rock Cantilever written 
Samuel Rowe, Stillman Robinson, and Henry Quimby, 
Members, Am. was awarded the Thomas Fitch Rowland 
Prize. the the Ohio gas fields, the problem measur- 
ing the volume flow, having been referred Professor Robinson, 
was solved him his brilliant application the Pitot tube, which 
resulted the methods now generally used. 

had always great interest education, and, 1890, organized 
association teachers mechanical engineering, from which, 
was evolved the present Society for the Promotion Engineering 
Edueation. His retirement did not affect his interest and love for 
the University. various times made valuable donations the 
the Department Mechanical Engineering, and finally 
established permanent foundation the Robinson Fellowship 
Enginecring. 

Professor Robinson was indefatigable worker, there being 
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limit his enthusiasm and ambition his profession. was modest 
and retiring, never claiming credit for himself, though most generous 
according his associates. had deeply sympathetic and 
very kindly nature, and was inflexible his devotion duty and his 
principles integrity and honor. The work and success those 
around him, both colleagues and students, interested him greatly, and 
imparted them his own enthusiasm, encouraging, stimulating, 
and rewarding them. His memory and influence will long felt 
the lives those who follow after him, and who have taken his 
work where left it. 


the following action was taken the Faculty the 
Ohio State University: 


“Resolved: the University Faculty that the death Professor 
Stillman Robinson the University loses one whose great and loyal 
service has left deep impression the history and development 
this Institution, the Faculty associate whose ability and scholar- 
ship has earned him national reputation, and friend whose personal 
influence has helped those around him their work and professional 
advancement. 

“That extend our deep sympathy his widow and family 
their bereavement and sorrow. 

“Resolved: That these resolutions spread upon the minutes and 
copy sent the family. 

“N. Low, 

“EDWARD ORTON, JR., 

“Committee.” 


Professor Robinson was elected Member the American Society 
Civil Engineers January 2d, 1884. 


NORMAN ALFRED TAYLOR, Assoc. Am. Soe. E.* 


Diep 1910. 


Norman Alfred Taylor was born Troy, Y., January 12th, 
1880. received his early education St. Paul’s School, Troy, 
Y., and the Troy Academy. the Rensselaer Polytechnic 
Institute, from which was graduated 1902, Mr. Taylor was 
prominent member the Theta Fraternity. 

After was graduated Mr. Taylor was connected with the firm 
Snow and Barber Boston, Mass., and assisted the preparation 
the plans and the installation the sewage disposal system for the 
Village Saratoga, the completion this work was 
appointed Assistant City Engineer Troy, 
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For five years Mr. Taylor was connected with the Highway Depart- 
ment the State New York, having charge the construction 
extensive system roads Eastern New York. 

the spring 1910 was engaged the Standard Oil Company, 
the capacity Engineer, the construction bituminous high- 
ways, with headquarters Baltimore, Md. While that city con- 
tracted typhoid fever, from which died Poughkeepsie, Y., 
August 29th, 1910. 

Although quiet and unassuming his manner, Mr. Taylor was 
loved all who knew him, for his personal qualities and for his 
ability Engineer. had rare capacity for detail, nothing 
connection with his work being too unimportant claim his careful 
personal attention. 

Mr. Taylor married Miss Alice Reynolds Troy, Y., who, with 
three children, Elizabeth, Catherine and Robert 2d, survives him. 
also survived his father, Mr. Robert Taylor, and sister, 
Miss Ruth Taylor, Troy, 

Mr. Taylor was elected Junior the American Society Civil 
Engineers October 6th, 1903, and Associate Member Decem- 


ber 5th, 1906. was also Member the Society Engineers 
Eastern New York. 


GEORGE HIGGINS MYERS, Jun. Soe. E.* 
10TH, 1910. 


George Higgins Myers was born South Bend, Ind., April 12th, 
1883. was graduated from the South Bend High 1901. 
September, 1902, entered Purdue University student the 
Mechanical Engineering Department, but was compelled give 
his college course January, 1905, account failing health. 

From April June, 1905, served Field Draftsman the 
relocation survey the Gila Valley, Globe and Northern Railway, 
and from July December, 1905, was employed Draftsman and 
for Kelsey, Civil Engineer, Salt Lake City, Utah. 

From January May, 1906, Mr. Myers studied surveying and 
masonry construction under Smith, Assoc. Am. Soe. E., 
University Arizona. July, 1906, came East and entered the 
employ the Ransome and Smith Company, New York City, 
acting Engineer and Foreman the construction the Ansonia, 
Conn., Brass Foundry, until December the same year. 

March, 1907, was appointed Designing Engineer the 
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Trussed Steel Company, which position held until July, 
when became Engineer and Superintendent for 
Christman and Company, Contractors, South Bend, Ind. 

May, 1908, Mr. Myers. returned the West, serving Denver 
Agent for the Trussed Steel Company until October. During 
this time designed the roof and floors the Cheesman Memorial. 

October, 1908, entered the employ Charles Sheely, 
Bridge Contractor, Denver, Assistant Engineer charge 
reinforced and structural steel work. remained with 
Mr. Sheely until 1910, when took his residence Tucson, Ariz., 
where, October 10th, died from the effects pulmonary 
hemorrhage. 

Mr. Myers was especially interested concrete construction, and 
was young man great promise his chosen profession. 

Mr. Myers was elected Junior the American Society Civil 
June Ist, 1909. 
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